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PREFACE 

The GARPI project was initiated in 1993 and completed in 1995. It was a 
pioneering exercise at the time it was carried out. Since then, thinking on some 
dimensions of the exercise, in particular aspects of valuation, has advanced. 
We have not incorporated these advances in the present book. We believe that, 
broadly, the estimates provided for damages here are correct but, more impor­
tantly they provide some important insights into the issues of damage estima­
tion and its role in an overall accounting framework for environmental 
accounting. 

Readers will also notice that damage estimates are missing in key categories. 
In particular health damage estimates are incomplete. Doubts about the accu­
racy of data had a limiting effect on the extent of damages covered. This has 
been rectified in follow-up work. 

The team that worked on GARPI has been engaged, since late 1996, in a 
follow up study - GARPII - which takes the issues further and brings the 
estimation of effects up to date. Key areas where research has been focused 
are: (a) the attribution of damages to sources of emissions, (b) treatment of 
damages from chronic health effects of air pollution, (c) effects of additional 
sources of damages, such as heavy metals and carbon monoxide and 
(d) developments in the valuation of damages to water and forests. 

The philosophy behind both GARPI and GARPII is to provide estimates 
of damages that are useful to policy makers in the EU. In this respect, the 
concern is to ensure the maximum degree of consistency and comparability in 
the estimates for different countries, and to review how damage estimates relate 
to other estimates of environmental impact, such as defensive expenditures and 
mitigation costs. Unfortunately, as will be clear from this report, there is still 
a lot of work to be done before we can have estimates that are fully comparable 
across countries and over time. But this study represents an important step in 
that direction. 

Many people have contributed to the ideas developed in this book and we 
cannot mention all of them by name. All members of the core ExternE team 
should, however, be singled out for mention, as should the US team with whom 
much of the early work on impact pathways and damage estimation was done. 
In particular researchers at Resources for the Future and Oakridge National 
Laboratory provided continued support and advice. Mention should also be 
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Vlll Preface 

made of reviewer comments received from Alan Krupnick and Stale Navrud. 
Finally we thank Ian Milborrow who was responsible for the careful editing 
and preparing of this final version. 

A. Markaodya 
M. Pavao 

May, 1998 

Bath, UK, 
Milan, Italy 
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CHAPTER 1 

SCOPE OF STUDY AND BACKGROUND 

1.1. Scope of study 

This study (referred to under the acronym GARP 11) was undertaken with the 
objectives of: 

(a) Assessing the feasibility of preparing, at the EU level, monetary valuations 
of environmental damages caused by economic activities. The assessment 
should focus on the scope for making the valuations in a consistent manner 
for all the countries, on the accuracy of the estimates obtained, and on 
the extent of the damages covered by the monetary valuation. Issues to 
be discussed include the transferability of studies of damage across coun­
tries and over time, and the extent to which damages are already internal­
ized through the costs of pollution control. 

(b) Reporting some initial estimates of national level damages for the countries 
studied for detailed analyses: Germany, Italy, Netherlands and the United 
Kingdom. Where monetary valuation is not feasible, reporting the results 
in terms of physical impacts. 

(c) Comparing the results of monetary valuation methods with other methods 
of assessing environmental damage or 'pressure', such as the expert based 
approaches. 

The present report makes extensive use of a methodology developed by the 
EXTERNE project of the EC Directorate General XII JOULE II Programme. 
The EXTERNE project is a major multi-disciplinary study which has developed 
a detailed 'bottom-up' approach for the assessment of the social costs of fuel 
cycles (see European Commission, 1995a-f). By following this methodology 
the present study has made use of state-of-the-art models and data which have 
been the subject of international peer review. 

As can be seen from the results, the study has covered a very wide range of 
impacts. In several cases, it was not possible to exploit the full potential of the 
data, or indeed to collect all the relevant information. Fortunately the same 
team of institutes has been awarded a follow-on contract (GARP II) under which 

1 Green ~ccounting J3.esearch :project. 
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4 Chapter 1 

several of the gaps in the present work will be IDled. Where work is ongoing 
under the new contract, this is reported in the text. 

One of the objectives that has not been fulfilled is (c) above - that of 
comparing the monetary valuation approach with expert based approaches. 
This is because the study that was to undertake the expert approach was 
delayed, and in fact the results of that exercise are still not available. The study 
on the use of expert systems and pressure indicators is being undertaken by 
EUROSTAT and was initiated in January 1995. It is expected that some comparison 
with the pressure indicators project will be possible under GARP II. 

1.2. The case for green accounting 

There is a great deal of interest, both internationally and within the EU, in the 
preparation of a coherent set of environmental accounts that establish the 
impacts of economic and social activities within the Union on the environment 
within Europe. At the international level, a set of guidelines for the preparation 
of a set of 'satellite accounts' that complement the national income accounts 
has been prepared (United Nations, 1993). This sets out the methodology to 
be followed for the valuation of natural resources and environmental degrada­
tion caused by anthropogenic activity. These guidelines (and others which are 
similar) are being used in a number of countries in preparing environmental 
accounts, both at the monetary and non-monetary level. These include: Brazil, 
Canada, Costa Rica, France, Germany, the Netherlands and Norway. Some 
attempts at adjusting national income accounts for environmental effects have 
also been undertaken in Australia, Japan, India, Indonesia, Mexico, New 
Zealand, Papua New Guinea, Sweden, the United Kingdom, the United States 
and Zimbabwe. References to the related studies are given at the back of 
this chapter. 

Within the EU, interest in obtaining coherent environmental accounts is 
evidenced by the support for this project on environmental accounting, the 
recently initiated project on environmental pressure indicators (under EUROS­

TAT), as well as a number of research projects supported by DG12 on sustainable 
indicators and green accounting. The Commission has made its position clear 
in a few recent publications.2 The publication on "Directions for the EU on 
Environmental Indicators and Green National Accounting" (COM 94, 670) 
states that that there is a need for 'a harmonised European system of integrated 
economic and environmental indicators and accounts which addresses the problems 
of the various economic sectors and policy fields at various scales and which will 
allow for comparison between Member States'. The same publication also states 

2 For a review of related EC research on sustainability indicators and 'green' accounting see 
Proops, (1995). 
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that 'the Commission has developed a set of complementary actions establishing 
a framework for 'green accounting' which will provide ... Integrated Economic 
and Environmental Indices of economic peliormance and environmental pressures 
of economic sectors within 2-3 years [and] more fundamental work on the 
'greening' of National Accounts in a satellite format'." 

Thus it is apparent that there is a strong demand for consistent environmen­
tal accounts to be prepared. At the same time there is some scepticism about 
the feasibility of producing consistent, credible environmental damage estimates 
in monetary terms, that can be integrated into the environmental accounts 
(Hueting, 1989, van Tongeren et al., 1992). Even the UN Statistical Office is 
lukewarm about the idea, and the guidelines provided by the United Nations 
say very little about how environmental damages should be measured.3 By 
undertaking a comprehensive, consistent valuation of damages, this study can 
provide direct evidence on the feasibility of damage estimation in an accounting 
framework and thereby contribute significantly to the development of a meth­
odology for the establishment of such accounts. 

1.3. Measuring environmental damage 

1.3.1. National income as a measure of welfare 

This study aims to use a welfare-theoretic approach in the valuation of damages. 
This means that we are seeking to measure human welfare, or more precisely 
changes in human welfare, in the countries that we are dealing with (Italy, 
Germany, Netherlands and the UK). The damage estimates made are presented 
as a percentage of GDP. In our view the purpose of this is for illustration and 
comparison. We are not advocating integrating the estimates to produce a 
measure of green GDP. The techniques have not advanced sufficiently to 
undertake such work and even if this were the case questions would arise as 
to whether this was methodologically defensible. 

It is generally recognized that GDP itself is not an ideal measure of welfare, 
often being considered more as a measure of national throughput or service 
flows. However, it is widely used as such and is an important guide to policy. 
GDP is an important dimension of welfare; and whether we decide to modify 
it in the light of estimates of national damage, or whether we simply present 
these data alongside the national income accounts, it is desirable that our 
calculations be based on a clearly defined economic principle. The appropriate 
method offered by welfare economics for the measurement of environmental 
damages is willingness-to-pay (WTP). This is discussed in more detail in 

3 The guidelines recommend the use of 'contingent value methods' but such advice is very general 
and not appropriate to the valuation of some impacts. In fact the experience of the EXTERNE project 
provides a much more solid basis for deciding on how such valuation should be carried out. 
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Chapter 2 of the synthesis report. Some commentators would suggest that 
taking a micro-level concept such as WTP and using it to conduct a macro 
assessment is not credible. The GARP team recognise there are problems here, 
but our purpose has been to see whether plausible damage estimates at the 
national level can be made. This report aims to show that they can. 

1.3.2. Limits to valuation and other measures of welfare 

This study aimed to apply WTP valuation techniques to as many types of 
environmental impact as possible. The argument is that with monetary values 
it is easier to integrate environmental costs with other costs and benefits, a 
stated goal of the European Commission, as well as that of many other bodies. 
However, we are aware that not all impacts can be valued in monetary terms. 
This study has helped in identifying those areas where such valuation is not 
possible or credible. In such cases a careful, consistent reporting of the physical 
impacts is seen as important and has been carried out. 

As a result of the problems described in the previous section, there are 
attempts at producing better measures of welfare that include environmental, 
social and other considerations. Examples include the UNDP index of welfare 
(UNDP, 1990 et seq.), or the Daly-Cobb index on sustainable welfare (Daly 
and Cobb, 1990). The GARP team recognize the importance of these measures. 
Indeed, we would argue that a careful assessment of the environmental damages 
will be an important input into the construction of such an index, particularly 
those concerned with environmental pressure indicators and sustainability. 
Hence the work carried out here has applicability to a wider range of indices 
of welfare. 

1.4. Methodological issues 

In preparing environmental accounts many important issues arise including: 

• Assessing flows of environmental services 
• Assessing and presenting estimates of environmental damage 
• Defining background levels of pollution 
• Treatment of trans boundary pollution effects 
• Treatment of defensive expenditures 
• Treatment of intertemporal damages 
• Natural resource depletion and sustain ability questions 

Some of these are considered in more detail in this section and there many 
problems associated with all. For further discussion of the issues see Ahmad, 
El Serafy and Lutz (1989), United Nations (1993), Markandya (1994). This 
study did not seek to resolve the controversies surrounding the questions of 
whether or not any of the above should be added or subtracted from the 
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national income accounts. Instead it focuses on the question, if the item under 
consideration is to be treated as part of the national income accountingframework, 
what is the most practicable way of measuring it, how should be valuation be 
carried out, and what issues need to be flagged in the conduct of the valuation. 

Early on in this study it was decided that the approach taken would be 
based on a spatially dis aggregated analysis of damages in each country. Such 
a disaggregation was essential, in our opinion, to achieve the kind of detail 
that is required for an adequate valuation, as well as providing regional 
information likely to be of greater value to policy makers (just as regional 
income accounts are widely used in economic analysis). Thus the land area in 
each country was zoned according to factors that varied from pollutant to 
pollutant. Given data on the levels of these pollutants, damage estimates were 
made using dose-response functions and unit valuations based on a WTP 
approach. At the first stage it was decided that we would not seek to estimate 
the sources of the pollution. The approach is shown in Figure 1.1 below. 

The use of spatial data and dose-response functions reflected a methodology 
that was originally employed for the assessment of the impacts of the major 
fuel cycles for electricity generation, including fossil, nuclear and renewable 
technologies, and has previously been applied almost solely to quantify the 
effects associated with individual power plants. This is generally referred to as 
the EXTERNE Project (see European Commission 1995a-f). In applying this 
methodology to quantify national level damages we thus seek to find out 
whether there are major barriers to its application for a purpose different to 
that for which it was developed. 

The use of the above methodology has meant that the focus of much of the 
work has been the impacts of air pollution. The team recognise that there are 
other impacts associated with other pollution problems, such as eutrophication 
of freshwater bodies and wastes, and these have been addressed in some studies. 
However, the constraints of time and resources would not permit such a 
comprehensive estimation across four countries. Furthermore, the focus on air 
pollution can be defended by the fact that most of the previous literature has 
suggested that it is in this area where the largest damages would arise. The 
coverage has not, however, been restricted solely to air quality impacts, since 
impacts of noise have also been investigated. Table 1.1 below indicates the 
main impacts that have been analysed in this study. 

From the Table it can be seen that not all the relevant damage related 

Pollution 
Sources 

14--... _ 
(By Attribution) 

Valuation 

i 
Spatial Distribution of Concentrations -----. Impacts 

Figure 1.1. Impact pathway approach 
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Table 1.1. Impacts assessed in this study 

Health Materials Crops Forests 

PM IO A A NE NE 
S02 (1) A A A A 
NOx (1) A A A A 
Ozone A A A NA 
GHG(3) A A A A 
Noise NA NE NE NE 

Notes: 
A Assessed in at least some studies. 
NA Not assessed, although we believe they may be important. 
NE No effect of significance is anticipated. 
(1) S02 and NOx include acid deposition impacts. 

Amenity (2) Ecosystems (3) 

NA NE 
NA A 
NA A 
NE NE 
A A 
A NE 

(2) Effects ofPM IO, NOx and S02 on amenity arise with respect to visibility. In previous studies 
these have not been found to be significance in Europe, although they are important in the 
US. 

(3) Greenhouse gases (i.e. those that affect climate globally). 

impacts have been covered, although we believe that we have covered the major 
ones. In addition, it has not been possible to value all impacts marked 'A' for 
all countries. 

1.4.1. Defining background levels of pollution 

In order to commence an assessment of environmental damages, background 
levels of pollutants for the various media need to be established. This is an 
important and often contentious issue. Background levels, defined as levels that 
would exist in the absence of human activity, will vary from region to region, 
let alone from country to country. The calculated damages are very sensitive 
to the choice of these values. If we are trying to measure changes in service 
flows resulting from environmental damage, a baseline definition is irrelevant. 
The GARP team adopted a pristine environment as a baseline for defining 
background levels but acknowledge that this may be questionable. The main 
problem is that there is great uncertainty on the nature of dose-response 
functions when the particular emission is very near to the background level. 

It is clear from the work carried out here that further research will be 
required on this issue. For the purposes of this report, however, we decided to 
report the results for more than one baseline value, basing the range on 
considerations of the plausibility of different values. 

1.4.2. How should transboundary pollution be treated? 

National accounts attempt to measure the flow of welfare of the residents of a 
given country. Damages caused by country l's pollution to country 2 are not 
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directly relevant to the welfare of country I's residents, although the received 
pollution from other countries is relevant. Hence estimates should be receptor 
based rather than source based. This is particularly important for the valuation 
of damages related to climate change. Most damage estimates for CO2 are 
global damages which cannot be subtracted from a national level calculations 
of benefits. For this reason we undertook to make an estimate of the likely 
damages caused within each of the countries selected for study by climate 
change. This work was undertaken by the Dutch team and is reported in 
Chapter 9. 

1.4.3. How should defensive expenditures be treated? 

Given different levels of expenditure on pollution abatement across the EU, 
and given the increasing levels of such abatement expenditures over time, it 
would be very difficult to make cross-country or intertemporal comparisons of 
the costs of environmental damage if one did not allow for changes in the 
levels of defensive expenditure. Hence, it is our view that such information is 
important for the purposes of environmental accounting, irrespective of whether 
or not national income accounts are adjusted for it. This study has made a 
limited start on collecting the relevant information, which is reported here. The 
issue of whether such data can be collected at reasonable cost and within a 
common framework is addressed in the concluding section. 

1.4.4. How should intertemporal damage impacts of pollution be treated? 

In some cases, particularly forest impacts and climate change, current damages 
are a function of both present and past pollution concentrations, and present 
emissions cause damages both now and in the future. Conceptually, national 
income measures the flow of welfare, both now and in the future, emanating 
from the current flow of activities (Weizmann, 1976). Hence in so far as future 
damages are being generated, they should be measured and allowed for. In 
practice, this is difficult to do, and the case of climate change is the only one 
where serious attention is paid to this issue. Where it arises, the issue of what 
discount rate to apply to future damages also arises. This question has been 
discussed at length elsewhere (see European Commission, 1995b) and is not 
covered here again. The basic argument presented there is that a 'social' rate 
of around 3% in real terms is justified for most costs, but that costs which 
occur over very long periods, or which involve significant changes in the 
sustain ability of eco-systems, should be treated differently. One possible method 
of treating them is to look at the costs of restoring the system or limiting the 
damage at a level consistent with overall 'sustainability'. In the case of climate 
change the choice of the discount rate is discussed in Chapter 9. 
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1.4.5. Natural resource depletion and sustainable income 

In the current discussion of environmental accounting there is much interest 
in the concept of sustainable income. The idea is that we should seek to measure 
the flow of goods and services that the present asset base would permit, in 
perpetuity. This is the value of all that is produced, less the amount that has 
to be set aside to allow for depletion in the asset base through depreciation, 
degradation etc. The asset base includes physical capital, human capital and 
natural capital. For examples of this approach see Costanza and Daly, 1992, 
da Motta et al. (for Brazil), 1992; Bryant and Cook (for the UK), 1992; Young 
(for Australia), 1992; Repetto et al., (for Indonesia), 1989; Soloranzo et al. (for 
Costa Rica), 1991; Uno (for Japan), 1989; van Tongeren et at. (for Mexico), 1991. 

This study contributes to the measurement of sustainable income by correct­
ing the measure of the goods and services that flow from the present capital 
stock. Thus an economy that is generating increases in emissions should account 
for those emissions as part of the flow of goods and services (negative ones in 
this case). 

An additional dimension of the environmental damages is to view the 
emissions as causing damage to the stock of natural capital, and thereby 
depleting the stock of that capital. Consequently, there will be a fall in the flow 
of services in the future, other things being equal. In some cases, the emissions 
generated do cause damages to an identified natural asset. Examples would be 
damages caused by agricultural runoff to water reservoirs, or damages caused 
by acidification to forest growth. One can then calculate the damages by 
estimating the reduced value of the natural capital stock, and the reduced flow 
of services that the stock will generate. 

Two points need to be made here. First, not all environmental 'damages' 
impact on the natural (or other) capital stock. Noise and crop damages are 
examples. For these it is necessary to measure the damages in terms of the 
reduced flow of goods and services. Second, where there is an impact on the 
'capital stock', the present calculations intend, in principle, to pick up effects of 
that impact on the flow of goods and services over time. Hence, if the calcula­
tions are done correctly, the estimation of damages as carried out here does 
pick up the effects over time, and hence the impact of the pollution on the 
value of the natural (or other) asset. This can be seen as follows: 

Suppose an asset has current value A, and will generate a stream of services 
of value H1 , H2 , .•. , Hn over n time periods. By the definition of the value of 
an asset: 

A = I Hi(l + r)-i 
i 

where I' is the discount rate. 
If an increase in pollution reduces the flow of services to L 1 , L 2 , ••• , L n , then 

our methodology seeks to measure environmental damage D, where 

D= I(Hi -L;)'(l +r)-i 
i 
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The change in the value of the asset, however, is also D. A sustainable income 
approach would then deduct from present national income an amount equal 
to D, to allow for the depreciation in the asset base (and therefore what has to 
be put aside to maintain that base). 

Thus the two approaches are equivalent in terms of the correction to national 
income. It does imply, however, that, in correcting measures of GDP for 
environmental damages, we should work with net national income - income 
after depreciation. In practice, of course, both a sustainable income approach 
from a capital perspective or from the flow of services perspective needs careful 
measurement of changes in environmental service flows, choices of discount 
rates etc. Often approximations are taken which will result in a capital approach 
and a flow of services approach giving different answers. 

1.5. Coverage of the study 

A broad description of the coverage of this study was given in Table 1.1. 
Table 1.2 overleaf provides a more detailed account of the scope of the assess­
ment. The main points that emerge from that table are: 

1. The most consistent coverage is for health impacts, although even there, it 
was not possible to get all four teams to agree enough on background 
data. In Germany an evaluation of PMlO damages was not possible because 
data on an EMEP basis were not available. By and large, however, 
agreement was reached on the relevant dose-response functions and the 
same ones were used in all studies. 

2. Coverage of ozone impacts of health is not complete but this was due to 
lack of time in collecting all the data. With time it should be possible to 
get consistent coverage of these impacts. 

3. Damage to materials was not based on a common set of dose-response 
functions. In Italy there were problems in assessing the stock as risk which 
will take some time to resolve. Damage to cultural monuments, which is 
significant, was only carried out on a partial basis for Italy and Germany. 

4. Coverage of crop damage was carried out in a consistent manner for S02 
damages but damages from ozone were only treated in the Netherlands 
and the UK. Again it is a matter of time for the necessary data to be 
collected for a fuller coverage to be obtained. 

5. Forest damage coverage is partial in that damages to recreation and non­
timber use have only be assessed in Germany. As can be seen from that 
study, these values could be substantial. 

6. Amenity valuation focussed on noise damages which could not be valued 
in Italy. More data need to be collected for such a valuation to be under­
taken there. 

7. All eco-system assessments were in physical terms. 
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Table 1.2. Details of coverage under this study 

Health Forests 
Eco-

Morb. Mort. Material Crops Timber Other Amenity systems 

PM 10 I A (1) A (1) NE NE NE NE NE NE 
DE NA (1) NA(I) NE NE NE NE NE NE 
NL A (1) A (1) NE NE NE NE NE NE 
UK A (1) A (1) A NE NE NE NA NE 

S02 I A (2) A(2) NA(4) A A (6) NA NE PA (7) 
DE A(2) A (2) PA (4) A A (6) A NE NA 
NL NA NA PA (4) A A(6) NA NE NA 
UK A(2) A (2) PA (4) A A NA NA PA (7) 

Ozone I A (3) A (3) NA NA A (6) NA NE NA 
DE PA(3) PA (3) NA NA A (6) A NE NA 
NL A (3) A(3) NA A A (6) NA NE NA 
UK A (3) A (3) PA A A (6) NA NE PA(7) 

GHG ALL A A A A A A NA PA 

Noise I NA NE NE NE NE NE NA NE 
DE NA NE NE NE NE NE A NE 
NL NA NE NE NE NE NE A NE 
UK NA NE NE NE NE NE A NE 

Def. I NA NA PA NA NA NA NA NA 
Exp. 

DE NA NA PA NA A A A NA 
NL NA NA NA NA NA NA A NA 
UK NA NA NA A (5) NA NA NA NA 

Notes: 
(1) For PM lO both chronic and acute impacts have been estimated in I, NL and UK. In 

Germany an evaluation of PM,o on an EMEP basis was not available. 
(2) Note that S02 levels are not additive to the levels of PMlO • Coverage of morbidity effects 

is not for the same end-points in all countries. 
(3) For ozone both chronic and acute impacts have been estimated in I, NL and UK. 

Germany reports only a single estimate of ozone damages taken from other studies. 
(4) Materials coverage is not based on the same dose-response functions in all countries. 

Cultural assets are not covered on a WTP approach in any country. In Germany, data are 
for West Germany only. Coverage of defensive expenditures is for cultural buildings only 
and is acknowledged to be incomplete. 

(5) Defensive expenditures for the UK include value of nitrogen from NOx ' 

(6) All valuations were undertaken by the UK team using a single model. 
(7) There is no monetary valuation undertaken here. Impacts include those from NOx ' 

Abbreviations: 
A Assessed 
PA Partially assessed 
NA Not assessed, although we believe they may be important 
NE No effect of significance is anticipated 
Def. Exp Defensive expenditures 
Morb. Morbidity impacts 
Mort. Mortality impacts 

I Italy 
DE Germany 
NL Netherlands 
UK United Kingdom 
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8. Impacts of greenhouse gases are based on a review of existing studies of 
global damage, supplemented by an assessment in each of the four coun­
tries. No primary data collection was involved. 

9. Defensive expenditure coverage is very patchy. The main coverage was for 
noise damages although some estimates were made for materials damages 
and crop protection 

The coverage as it exists at present would not permit a full comparison 
across countries. It is expected that better coverage will be obtained as a result 
of GARP II but even then, one cannot expect all impacts to be equally covered 
in all cases. This should not be seen, however, as a reason for rejecting 
environmental accounts. Coverage of many aspects of national income accounts 
is not equally good in all EU countries. As long as the gaps are recognized, 
some cross-country comparisons and changes in damages over time can be 
evaluated. 

1.6. Air quality data requirements 

1.6.1. Air pollution concentration data 

This study makes use of spatially disaggregated data on pollution concen­
trations to estimate damages. The level of disaggregation selected varied from 
country to country. Although pan-European data sets exist with resolutions of 
50-100 km2 finer resolutions are available in some countries, and for some 
problems. Where they were available and accessible, they were chosen. 

For Italy data were taken for PM lO , S02, NOx , and ozone from the network 
of monitoring stations. Coverage is variable, and considerable amount of 
interpolation was required.4 For ozone data are really only available for 
Lombardy. For acid depositions, the EMEP data with resolution of 50 x 50 km 
was used. 

In the case of Germany the EUROGRID coordinate system was used for 
presenting S02 and NOx concentration levels. In moving from point sources 
to grid values models of atmospheric transport were used (as opposed to the 
interpolation method used in Italy). Due to limitations such as no availability 
of geographically resolved data for PM lO and a lack of dose-response-functions 
for NOx , only S02 impacts were calculated. 

For Netherlands air quality is measured at 34 stations, from which the 
distribution of pollutants is made using an interpolation method. For particu­
late matter the stations measure black smoke, so a conversion from black 
smoke to PM lO was developed. The resulting pollution data are reported for 
a grid that is 5 km x 5 km. 

4 For details of the interpolation methods used see the individual reports. 
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In the UK data on NOx was obtained at a resolution of 5 km x 5 km. This 
was then used to estimate PM lO concentrations on the same grid. For ozone 
and S02 the same grid was employed, with data collected from different 
pollution monitoring stations. For acid depositions a map was generated on a 
grid of 20 km x 20 km, derived from interpolation of measured data, combined 
with information on rainfall. Acid depositions for all of Europe were modelled 
using the Harwell Trajectory model, which is a Lagrangian plume model that 
estimates acid depositions at each receptor point, based on the arrival of 24 
trajectories weighted by the frequency of the wind in each 15° sector. The 
resolution achieved for the final data set was 100 km x 100 km. 

1.6.2. Background concentrations 

The objective of the current study, to relate environmental impacts to human 
activity, dictates that the damages resulting from 1990 emissions of pollution 
are compared to the level that would exist in the absence of human activity. 
For some pollutants an estimate of these levels can be gauged from the concen­
trations measured in remote areas. 

The most appropriate data for S02 and NOx levels in Northern Europe 
seems likely to come from North West Scotland. This region is remote from 
major industrial activity and the prevailing south westerly winds are unlikely 
to carry a high pollution load from other countries. The Review Group on 
Acid Rain (RGAR, 1990) provide values of about 1 ppb S02 and 2 ppb N02 
for this region. Data modelled for the UK using the Harwell Trajectory Model 
agree well with these figures. Background levels of acid deposition (H+) were 
estimated from a 20 x 20 km rainfall map for the UK and the assumption of 
pH 5 rain in pristine areas (RGAR, 1990). These values were taken by the 
German, Dutch and UK teams. The Italian team took the view that background 
levels of S02 may well be higher due to volcanic activity in the South of the 
country, and hence it took a value of 1.3 ppb for that pollutant. 

Background PMlO concentrations are more difficult to predict, because of 
diverse sources of particulates of natural origin. Each team was asked to make 
its own assessment of background levels. The UK and Dutch teams concluded 
that no single figure could be reliably estimated and a range of values should 
be taken - from 5-15 Ilg/M3. The Italian team selected a figure of 10 Ilg/M3, 
based on consultations with national experts, but it also recognized difficulties 
in selecting the relevant value, and carried out sensitivity analysis based on a 
figure of 7 Ilg/M3. The German team could not agree on background levels 
and decided not to estimate damages from this pollutant. 

Finally background levels had to be agreed for ozone. These are also difficult 
to estimate as they will vary considerably with altitude, sunlight and other 
climatic factors. The UK team took annual mean concentrations to be between 
10 and 20 ppb, which translate to a range of between 20-30 ppb for the annual 
mean hourly maximum level for each day. The Italian team took a similar but 
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single value - of 25 ppb. The Dutch team took background levels of 20 ppb, 
and the German team did not need to consider this issue as it did not make 
direct estimates of ozone damages. 

It is clear that damages will be highly dependent on background levels and 
that, as of now, we do not have a firm grip on what values should be taken. 
This area will be researched further in GARP II. 

1.7. Conclusions 

This study has undertaken an ambitious research programme: to estimate 
environmental damages at a detailed level of each of four countries, and to do 
it within a single coherent framework. It is not surprising that the first attempt 
at such an endeavour should turn out to face a number of problems; indeed, 
identifying these problems was a primary objective if the study. This introduc­
tion has presented the difficulties, and indicated what measures, if any, were 
taken to resolve them. In a number of areas further work is required, and we 
have indicated where this is the case. 

The estimation of monetary values of environmental damages is an impor­
tant component of an overall exercise in environmental accounting. It will be 
useful whether the accounts are presented separately or as part of a single 
national accounting framework. Within the EC, there is a clear demand for 
the integration of environmental and economic data, a demand that this 
research effort explicitly addresses. 

The environmental estimation of damages also has wider applications. It is 
useful, for example, to those developing alternative measures of national well 
being, based on combinations of economic and social indicators, or on the 
concept of sustainable development. 

As noted earlier, At the same time there is some scepticism about the 
feasibility of producing consistent, credible environmental damage estimates in 
monetary terms, that can be integrated into the environmental accounts - even 
the UN Statistical Office is lukewarm about the idea, and the guidelines 
provided by the United Nations say very little about how environmental 
damages should be measured.5 By undertaking a comprehensive, consistent 
valuation of damages, this study can provide direct evidence on the feasibility 
of damage estimation in an accounting framework and thereby contribute 
significantly to the development of a methodology for the establishment of 
such accounts. 

5 The guidelines recommend the use of 'contingent valuation methods' but such advice is very 
general and not appropriate to the valuation of some impacts. In fact the experience of the EXTERNE 

project provides a much more solid basis for deciding on how such valuation should be carried out. 
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CHAPTER 2 

VALUATION OF DAMAGES 

2.1. Methods of valuation 

The valuation approach adopted in this study is demonstrated in Figure 2.1 
below. Ideally one would like to start with the basic relationship between the 
pollution sources and the environmental impacts (going from emissions to 
concentrations to impacts). Then one would go on to value the impacts associ­
ated with specific sources. In fact, at the national level, such an approach would 
be extremely time consuming. Instead, what has been done is to start with the 
spatial distribution of concentrations and value their impacts. At a later stage 
(in GARP II) the concentrations will be attributed to different sources. 

Having estimated the physical impacts, the next step is to value the damages. 
Over the last 25 years or so, a number of techniques have been developed for 
estimating environmental effects. A survey of these may be found in Markandya 

FULL BOTTOM-UP VALUATION OF ENVIRONMENTAL DAMAGES 

POLLU1'~ON 
VALUATION 

SOURCE 

t 
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Fig. 2.1. Pathway for valuing damage. 
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and Richardson (1993). This study does not attempt to summarize them in 
any comprehensive way. For each of the impacts that are valued in this study, 
however, it does discuss the method or methods of valuation that are appro­
priate, and the issues that arise in their application. 

As discussed briefly in the previous chapter, the underlying principle in 
monetary valuation is to obtain the willingness to pay (WTP) of the affected 
individual to avoid the negative impact, or the willingness to accept (WTA) 
payment as compensation if a negative impact takes place. The rationale is 
that values should be based on individual preferences, which are translated 
into money terms through individual WTP and WTA. 

Once the impacts have been identified in physical terms, they can be valued 
using market prices, where the things impacted (crops, materials etc.) have a 
market price, although even in this simple case there are problems and issues 
that arise, which are discussed further later in this report. For a wide range of 
impacts, however, such as increased risk of death or loss of recreational values, 
there are no direct market prices that can be used. Three techniques are widely 
used in this context. One is to elicit the WTP or WTA by direct questionnaire. 
This is termed the contingent valuation method (CVM) and has been developed 
into a sophisticated procedure for valuing a number of environmental impacts. 
Another is to look at the WTP as expressed in related markets. Frequently 
environmental effects are reflected in property values. Thus an increase in noise 
or a reduction in visibility will 'show up' in reductions in the value of properties 
affected by the changes. This approach is called the hedonic price method 
(HPM) and is widely used for noise and aesthetic effects. 

Where the individuals undertake expenditures to benefit from a facility such 
as a park or a fishing area one can determine their WTP through the expendi­
tures on the recreational activity, including costs of travel to the park, any fees 
paid etc. Economists have developed quite sophisticated procedures for estimat­
ing the values of changes in environmental facilities using such data. This is 
the third approach and is known as the travel cost method. It is particularly 
useful for valuing recreational impacts. 

2.2. Categories of value 

The WTP jWTA numbers can be expressed for a number of categories of value. 
The most important distinction is between values arising from the use of the 
environment by the individual and values that arise even when there is no 
identifiable use made of that environment. These are called use values and non­
use values respectively. Non-use values are also sometimes referred to as exis­
tence values. 

Within the category of use values there are many different categories. Direct 
use values arise when an individual makes use of the environment (e.g. slhe 
breathes the air) and derives a loss of welfare if that environment is polluted. 
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Indirect use values arise when an individual's welfare is affected by what happens 
to another individual. For example, if I feel aloss of welfare as a result of the 
death or illness of a friend or relation, resulting from increased levels of air 
pollution, then this loss of welfare translates into a cost through my WTP. It 
can and has been measured in limited cases and is referred to as an altruistic 
value (see later in this chapter for details). Both direct and indirect use values 
have a time dimension; an environmental change today can result in such 
values now and in the future. 

Another category of use value that is potentially important is that of option 
value. This arises when a action taken now can result in a change in the supply 
or availability of some environmental good in the future. For example, flooding 
a region to impound water for a hydro project would result in that area not 
being available for hiking. A person might have a WTP for the option to use 
that hiking area, even if slhe was not sure that it would be used. This WTP is 
the sum of the expected gain in welfare from the use of the area, plus a certain 
gain in welfare from the knowledge that slhe could use it even if it is not 
actually used. The latter is referred to as the option value. The literature on 
environmental valuation shows that, in certain cases the option value will be 
positive but in general it is not an important category of value (see Freeman, 
1991). There are very few estimates of such values, and in the context of the 
fuel cycle study it was felt that estimating future use values was difficult enough; 
estimating option values was not considered an important category to address. 

Non-use value is particularly controversial, although values deriving from 
the existence of a pristine environment are real enough, even for those who 
never make any use of it. In some respects what constitutes 'use' and what 
constitutes 'non-use' is not clear. If someone sees a programme about a wilder­
ness area but never visits it, that represents a use value, however indirect. Pure 
non-use value must not involve any welfare from any sensory experience related 
to the item being valued. In fact some environmentalists argue that such non­
use or existence values are unrelated to human appreciation or otherwise of 
the environment, but are embedded in, or intrinsic to, the things being valued. 
For a sympathetic review of this position, see the discussion on the 'new 
naturalist ethics' by Turner (1988). However, that is not the position taken in 
this study. The basis of valuation remains an anthropocentric one which, 
however, does not imply an anti-environmentalist stance. 

The difficulty in defining non-use values extends, not unnaturally, to measur­
ing them. The only method available for this category is that of the question­
naire approach, or contingent valuation method. This method has been tested· 
and improved extensively in the past 20 years, and the general consensus is 
that the technique works effectively where 'market conditions' of exchange can 
be simulated effectively and where the respondent has considerable familiarity 
with the item being valued. For most categories of non-use value this is simply 
not the case. Hence, for the present, non-use values are extremely difficult to 
value with any accuracy. 
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2.3. Issues arising in the use of monetary values 

2.3.1. Income constraints are ignored 

As noted above, the the basic philosophy underlying the valuation is based on 
individual preferences, which are expressed through the willingness to pay 
(WTP) for something that improves individual welfare, and willingness to 
accept payment (WTA) for something that reduces individual welfare. The total 
value of environmental impacts is taken as the sum of the WTP or WTA of 
the individuals comprising it. Thus no special weight is given to any particular 
group. This approach contrasts, for example, with that of values based on 
expert opinion, or values based on the costs of making good any damage done 
to the environment. Such mitigation costs will only provide a valid measure of 
cost if society is collectively willing to pay for the mitigation, rather than suffer 
the damage. In such cases, mitigation based estimates can provide important 
values, and have in fact been used in the study in selected areas. However, the 
validity of that use is dependent on the assumption that society is willing to 
pay for the mitigation. 

Although the valuation of environmental impacts using money values is 
widespread and growing, there are still many people who find the idea strange 
at best and distasteful and unacceptable at worst. Given the central role being 
played by monetary valuation in this exercise, a justification of the method is 
warranted. 

One objection often voiced in the use of WTP is that it is 'income con­
strained'. Since you cannot pay what you do not have, a poorer person's WTP 
is less than that of a richer person, other things being equal. This occurs most 
forcefully in connection with the valuation of a statistical life (VOSL) where 
the WTP to avoid an increase in the risk of death is measured in terms of a 
VOSL. In general one would expect the VOSL for a poor person to be less 
than that of a rich person. But this is no more or less objectionable than saying 
that a rich person can and does spend more on health protection than a poor 
person; or that individuals of higher social status and wealth live longer on 
average than person of lower status; or that better neighbourhoods will spend 
more on environmental protection than poorer neighbourhoods. 

The basic inequalities in society result in different values being put on the 
environment by different people. One may object to these inequalities, and 
make a strong case to change them but, as long as they are there, one has to 
accept the consequences. Society takes the view that most decisions about 
allocation of resources are predicated on the existing inequality of income and 
wealth, both between and within societies. This is discussed in greater detail in 
Chapter 3. 

2.3.2. Environmental damages are already accounted for in other prices 

A related issue that arises in making environmental damage estimates is that 
of 'internalization'. Damages may occur to certain groups who have already 
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fully taken account of such damages in deciding on what actions to take. A 
central case is when workers in certain industries suffer from higher incidence 
of diseases, or when their occupational mortality rates are higher. If they are 
aware of these factors, and if the contract of employment reflects proper 
compensations for these added risks, then there is no relevant environmental 
effect in the sense defined above. In technical terms it is said that the environ­
mental cost has been internalized through a contract that has been entered 
into freely. It may still be of interest to measure the 'environmental costs' for 
such impacts, but care has to be taken in what interpretation is placed on the 
resulting damage figures. 

Two matters of contention in deciding whether or not an environmental 
cost has been internalized or not, are those of information and market imperfec­
tions. It is argued that if a worker takes a job not knowing the risks involved, 
and then suffers from work-related health effects, there is a genuine environmen­
tal effect that needs to be accounted for. It is unarguable, for example, that the 
presence of an unexpected impact on a working population which was not 
foreseen is an important environmental effect.1 What is less clear is the signifi­
cance of such effects for policy. Clearly, if neither party is aware of a possible 
effect, and the same applies to the regulating authority, then no measurable 
external damages can be included in the analysis. If the regulating authority is 
aware of certain health risks, and believes the working population is not, the 
appropriate measure is to disseminate the information. The resources that are 
devoted to that, however, could be influenced by the size of the environmental 
damages caused to this group. In this sense then, data on work related environ­
mental effects may be relevant to the analysis. 

A related issue is that of market imperfections. Staying with the example of 
occupational health effects, there may be macroeconomic difficulties in the 
region, in which case those seeking work would not have the luxury of choosing 
between a riskier occupation with a higher wage, and a less risky one with a 
lower wage. In the presence of structural or long term unemployment, as is the 
case in some parts of Europe, the occupational health damages will form part 
of the external costs of the related fuel cycles. In other situations, however, 
where the labor force is more mobile, and where unemployment is less long 
term, the environmental damages may be said to be internalized. 

As far as this study is concerned, the issue of internalization has not been 
addressed. It was decided that all significant environmental damages be calcu­
lated in the first instance. This will include those arising from occupation­
related environmental impacts, which are the main area of contention. A 
separate exercise should then determine how relevant they are to policy. This 

1 In economics, environmental effects that have not been accounted for through markets or special 
deals and regulations are called external effects. The issue is whether the environmental effect is 
an external effect, or is something that has been accounted for. 
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will depend on how poor the information base on which workers make employ­
ment decisions is, and on how strong the structural labor-market problems are. 

2.4. Shortcuts in valuing damages 

2.4.1. Benefit transfer 

The environmental damages associated with a particular pollutant will depend 
on a great deal of spatially dis aggregated information as well as estimates of 
dose response functions and damages per unit of pollutant. Clearly, it would 
be infeasible to estimate all environmental damages for each location and 
pollutant ab initio. Much of the work required is extremely time consuming 
and expensive, making the transfer of estimates from one study to another an 
important part of the exercise. The difficult issue is to know when a damage 
estimate is transferable and what modifications, if any, need to be made before 
it can be used in its new context. 

Benefit transfer is "an application of monetary values from a particular 
valuation study to an alternative or secondary policy decision setting, often in 
another geographic area than the one where the original study was performed" 
(Navrud, 1994). There are three main biases inherent in transferring benefits 
to other areas: 

2.4.2. Meta analysis 

Where several studies, reporting a similar final estimate of environmental 
damage, exist, and where there are significant differences between them in terms 
of the background variables, a procedure known as meta-analysis has been 
developed to transfer the results from one study across to other applications. 
What such an analysis does is to take the estimated damages from a range of 
studies of, for example, coal fired plants and see how they vary systematically, 
according to affected population, building areas, crops, level of income of the 
population, etc. The analysis is carried out using econometric techniques, which 
yield estimates of the responsiveness of damages to the various factors that 
render them more transferable across situations. This can then be used to 
derive a simple formula relating environmental costs to per capita income, 
which could then be employed to calculate damages in countries where no 
relevant studies were available. 

Estimates of damages based on meta-analysis have been provided in a formal 
sense in two studies carried out in the US on recreation demand (Smith and 
Kaoru, 1990), and on air pollution (Smith and Huang, 1993). The results in 
the recreation studies indicate that, as one would expect, the nature of the site 
is significant for the WTP attached to a visit, as are the costs of substitutes 
and the opportunity cost of time. Choice of functional form in the estimating 
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equations also appears to playa part. In the air pollution study referred to 
above, it was found that damages per unit of concentration vary inversely with 
the average price of property in the study (the higher the price the lower the 
unit value of damage). If correct, it would enable an adjustment to the estimated 
value to be made on the basis of the average prices of properties in the area 
being investigated. However, the authors are cautious about the validity of the 
estimates obtained. 

A formal meta-analysis is difficult to carry out, and has not proved possible 
in the context of the this study. However, some of the 'expert' adjustments do 
make an informal meta analysis. For example, adjusting estimates of damages 
for size of population to obtain a per capita estimate and transferring that to 
the new study implicitly assumes that damages are proportional to population. 
Such adjustments are frequently made. 

2.4.3. Conclusions on benefit transfer 

Transferability depends on being able to use a large body of data from different 
studies and estimating the systematic factors that would result in variations in 
the estimates. In most cases the range of studies available are few. More can 
be done to carry out meta-analysis of the type indicated, but it will take time. 
The best practice in the meantime is to use estimates from sources as close to 
the one in which they are being applied and adjust them for differences in 
underlying variables where that is possible. Often the most important obstacle 
to systematic benefit transfer, however, is a lack of documentation in the 
existing valuation studies. 

From the environmental damage-energy source linkages identified above, 
one can identify an increasing order of difficulty (in terms of modifications that 
have to be made) with which estimates can be transferred from the original 
study to the situation in which they are to be used; 

(a) for most receptor categories, the most easily transferred data is the dose-­
response function itself, relating environmental impacts adjusted for pop­
ulation. Thus numbers in the form 0.8 x 10-6 excess deaths per Jlg/m3 

would be transferable across studies as long as adjustments to the other 
variables in the dose-response function were made (e.g., relative humidity). 
The additional local information that is required to use such data is simply 
local market conditions, costs and prices. The exception is ecosystems 
where such functions are usually very site specific; 

(b) the next ones in order of difficulty are monetary estimates of damages per 
unit of pollutant by concentration. Results are reported, e.g., in 
ECD/Jlg/m- 3, or in ECD/km/person oflost visibility. Estimates may vary 
according to population affected, in which case an analysis of such varia­
tions would be desirable. Other socioeconomic variables that would be 
of relevance are income levels of the affected population, age, background 
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environmental variables such as rainfall etc., and socioeconomic variables 
such as medical services and how they are paid for. If enough studies are 
available, a meta-analysis can be performed (see below), in which the 
mean estimated value is regressed against these variables. Then the rele­
vant adjustment to the estimates are made, given the local values of the 
explanatory variables. No additional local variables should be required; 

(c) similar to (b) above are estimates of monetary damages in terms of 
emissions or units of energy produced. In such cases one needs all the 
information listed above, plus details of how the emissions or energy units 
relate to the concentrations or whatever impacts are responsible for the 
damages. For example, damages may be quoted as $x/kWh for coal. The 
relevance of this estimate to a different situation will depend on how 
the kWh is related to emissions and how the emissions are converted into 
concentrations in the area where the impacts were measured, plus the 
variables with which the relationship between concentrations and damages 
vary. Thus most work will have to be done in these cases and, in the 
context of this fuel cycle study it is unlikely that such estimates could be 
used at all. 

It is important to note that national boundaries themselves are not of any 
relevance in transferring estimates, except that there may be cultural differences 
that will influence factors such as frequency with which a person visits a doctor, 
or how he perceives a loss of visibility. In this sense there is no reason why the 
EXTERNE Project should not draw on the US and other studies, or transfer 
estimates from one country to another within Europe, as long as the above 
consideration is taken into account. 

2.4.4. Use of avoidance costs 

Different to the approach advocated in this study for valuing damages is the 
'Avoidance Cost' approach. This has been used by Bernow et al. (1990) of the 
Tellus Institute and recommended by, among others, Hueting (1989), for the 
construction of environmental accounts. Their reasoning is that it is difficult 
to estimate social costs based on damages, and in any event the numbers are 
too uncertain and not credible. Instead they suggest that abatement costs may 
be a reasonable surrogate for damages. In this approach, existing and proposed 
environmental regulations are analyzed to estimate the value that society 
implicitly places on different environmental impacts. According to Tellus, the 
marginal cost of abating emissions, when they are at the limit imposed by 
regulation, reflects the preference of regulators to require that particular level 
of abatement and the corresponding incremental cost, rather than allow emis­
sions to exceed that limit and subsequently to have adverse impact on the 
public. The reasoning used by Tellus is that since these regulators represent 
the public, their views represent the costs placed on those emissions by the 
pUblic. 
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We take the view that such reasoning cannot be applied generally. The 
premise that marginal control costs represent the costs of air emissions to 
society implies that regulators know what individual environmental damages 
are and always decide on the optimal policy where the marginal costs of control 
equal the marginal damages. In fact it is quite clear that they do not know 
these costs, and the political processes by which policy decisions are made do 
not generally have the property that they equate social damages to costs of 
abatement. In specific cases, however, the use of avoidance costs is justified. 
This is when the damages are clearly in excess of the avoidance costs, and 
when the avoidance measures are actually implemented. 

The question of whether credible and consistent damage estimates can be 
constructed based on a WTP approach is, we argue, an open question. This 
study will provide some important evidence as to whether this can be done 
or not. 

2.5. Valuation and discounting 

Discounting is the practice of placing lower numerical values on future benefits 
and costs as compared tv present benefits and costs. In the context of this 
study it is an important issue because many of the environmental damages of 
present actions will occur many years from now and the higher the discount 
rate, the lower the value that will be attached to these damages. This can have 
major implications for policy. This section reviews the arguments for and 
against different discount rates, including the case for discounting environmen­
tal damages at a different rate from other projects. 

2.5.1. The rationale for discounting and choice of discount rate 

The practice of discounting arises because individuals attach less weight to a 
benefit or cost in the future than they do to a benefit or cost now. Impatience, 
or 'time preference', is one reason why the present is preferred to the future. 
The second reason is that, since capital is productive, an ECU's worth of 
resources now will generate more than an ECU's worth of goods and services 
in the future. Hence an entrepreneur would be willing to pay more than one 
ECU in the future to acquire an ECU's worth of these resources now. This 
argument for discounting is referred to as the 'marginal productivity of capital' 
argument; the use of the word marginal indicates that it is the productivity of 
additional units of capital that is relevant. 

If a form of damage, valued at ECU X today, but which will occur in T 
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years time is to be discounted at a rate of r percent, the value of X is reduced 
to: 

X/(1 + r)T. 

Clearly the higher is r and the greater is T, the lower will be the value of the 
discounted damages. Typically discount rates for low risk borrowers in EC 
countries run at around 4-7% in real terms. The latter means that when future 
values are being computed, no allowance is made for general inflation of money 
values, and all damages are calculated in present prices. The real rate can be 
computed by deducting the rate of inflation from the nominal or actual rate. 
At the same time the typical real discount rates for lenders investing in low 
risk assets range from a negative value to around 5%. Thus, even looking at 
market data, and excluding questions of risk which are discussed later, there 
is a wide range of discount rates to choose from. 

The discounting debate from an environmental perspective 
Although much of the environmental literature argues against discounting in 
general and high discount rates in particular, (see Parfh, 1983 or Goodin, 1986) 
there is in fact no unique relationship between high discount rates and environ­
mental deterioration. High rates may well shift the cost burden to future 
generations but, as the discount rate rises, so falls the overall level of investment, 
thus slowing the pace of economic development in general. Since natural 
resources are required for investment, the demand for such resources is lower 
at higher discount rates. High discount rates may also discourage development 
projects that compete with existing environmentally benign uses, e.g., watershed 
development as opposed to existing wilderness use. Exactly how the choice of 
discount rate impacts on the overall profile of natural resource and environment 
use is thus ambiguous. This point is important because it indicates the invalidity 
of the more simplistic generalizations that discount rates should be lowered to 
accommodate environmental considerations.2 

What are the arguments for modifying the discount rates when valuing 
future damages in the context of a study such as this? They can be classified 
into the following groups: 

(a) individuals discount the future at too high a rate compared to society's 
needs; 

(b) the rates of return on capital investments (which tend to be quite high) 
are not relevant to the discounting of environmental damages. 

(a) Individual discount rates. A number of economists and philosophers have 
commented that individual discounting is irrational from a social point of view 
and that what individuals want carries no necessary implications for public 

2 This prescription has been challenged at an intuitive level by Krutilla (1967). For further discus­
sions see Markandya and Pearce (1988), Krautkraemer (1988). 
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policy. Many countries, for instance, compulsorily force savings behaviour on 
individuals, e.g., through state pensions, indicating that the state overrides 
private preferences concerning savings behaviour. 

In many respects the state acts as a guardian of future generations' interests. 
If these interests are not adequately protected by using discount rates based 
on individual preferences it will consider it within its powers to change those 
rates. The extent to which the interests of future generations are safeguarded 
when using positive discount rates in the ranges indicated is a matter of debate 
within the literature. Theoretical models with overlapping generations have 
shown that the discount rate that emerges as a result of private discounting is 
not necessarily efficient, i.e., it is not the one that takes the economy on a long 
run welfare maximizing path. 

Some economists such as Becker (1988) and Sen (1982) have argued that 
individuals make decisions in two contexts, 'private' decisions reflecting their 
own interests and 'public' decisions in which they act with responsibility for 
fellow beings and for future generations. Market discount rates, it is argued, 
reflect the private context, whereas social discount rates should reflect the 
public context. Hence, for a variety of reasons relating to future generations' 
interests, the social discount rate may be below the market rate based on 
individual preferences. The implications for the choice of the discount rate are 
that there is a need to look at an individual's public role behavior, or to leave 
the choice of the discount rate to the state, or to try and select a rate based 
on a collective savings contract. However, none of these options appears to 
offer a practical procedure for determining the discount rate in quantitative 
terms. What they do suggest is that market rates will not be proper guides to 
social discount rates once future generations' interests are incorporated into 
the social decision rule. 

(b) Opportunity cost of capital. The opportunity cost of capital is obtained 
by looking at the rate of return on the best investment of similar risk that is 
displaced as a result of the particular project being undertaken. It is only 
reasonable to require the investment undertaken to yield a return at least as 
high as that on the alternative use of funds. This is the basic justification for 
an opportunity cost discount rate. In developing countries where there is a 
shortage of capital, such rates tend to be very high and their use is often 
justified on the grounds of the allocation of scarce capital. 

The environmental literature has also made some attempts to discredit 
discounting on opportunity cost grounds. (Parfit, 1983 and Goodin, 1986). The 
first criticism is that opportunity cost discounting implies a reinvestment of 
benefits at the opportunity cost rate, and this is often invalid. For example, at 
a 10% discount rate ECU 100 today is comparable to ECU 121 in 2 years 
time if the ECU 100 is invested for 1 year to yield ECU 10 of return and then 
both the original capital and the return are invested for another year to obtain 
a total of ECU 121. Now, if the return is consumed but not reinvested then, 
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the critics argue, the consumption flows have no opportunity cost. What, they 
ask, is the relevance of a discount rate based on assumed reinvested profits if 
in fact the profits are consumed? 

The second environmental critique of opportunity cost discounting relates 
to compensation across generations. Suppose an investment today would cause 
environmental damages of ECU X, T years from now. The argument for 
representing this damage in discounted terms by the amount ECU X/( 1 + rf 
is the following. If this latter amount were invested at the opportunity cost of 
capital discount rate r, it would amount to ECU X in T years time. This could 
then be used to compensate those who suffer the damages in that year. Parfit 
argues, however, that using the discounted value is only legitimate if the 
compensation is actually paid. Otherwise, he argues, we cannot represent those 
damages by a discounted cost. (Parfit, 1983). 

The problem in both cases is that actual and 'potential' compensation are 
being confused. The fact that there is a sum that could be generated by the 
project and that could be used for the potential compensation of the victim is 
enough to ensure its efficiency. Whether the investment is made and whether 
compensation is actually carried out is a separate question and one which is 
not relevant to the issue of how to choose a discount rate. 

Related to these criticisms, however, is a very real issue. It is that in some 
cases the investment fund needs to be held for very long periods before the 
potential compensation becomes due. With some forms of nuclear waste the 
period could run into thousands of years. Human experience with capital 
investments and their rates of return does not run into more than a couple of 
hundred years at the most. To give an example, if 1 ECU were invested today 
a real rate of return of 7% per annum, it would amount to nearly ECU 491 
trillion in 500 years time. Such amounts are inconceivable and it is not reason­
able to base decisions to protect future generations on them. In the course of 
the EXTERNE project this issue had to be grappled with. It became evident quite 
quickly that where future damages were occurring very far into the future, the 
use of discount rates did not offer a reasonable way of dealing with them. At 
any positive rate the costs became insignificant and a zero rate they were so 
large as to dominate all the calculations. One possible solution is to define the 
rights of future generations and use those to circumscribe the options in terms 
of what impacts can be imposed on them. 

Discount rates and future environmental benefits 
Both the above arguments suggest that the discount rate that is observed in 
the market may be too high from a social point of view. However, one factor 
that reduces the impact of discounting in future years is that of increasing 
values associated with future benefits and costs. If an economy is growing at, 
say, 3% in real terms per capita, and if population is constant, one can expect 
that the value attached to a loss of environmental facilities will increase at 3% 
or more per annum. This is because the 'income elasticity' for environmental 
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goods takes values that are generally in excess of one. Hence, if future benefits 
are being discounted at, say, 5%, the numerical value that will be entered for 
the services of an environmental amenity will only fall at 2% per annum 
compared to the value today. And if the environmental values grow faster than 
3% future values will be effectively discounted at an even lower rate. Finally, 
as the environmental amenities become more scarce, as is happening, or as the 
population grows, the value attached to the amenity will rise even faster than 
the income elasticity would suggest. These points, initially observed by Krutilla 
and Fisher (1975), can, to a large extent reduce the force of the argument that 
discounting is damaging to the environment. If future values are properly 
measured and future scarcity allowed for, this should be less valid. 

A sustainability approach 
Although the environmental debate has contributed to discussion on the ratio­
nale for discounting, it has not been successful in demonstrating a case for 
rejecting discounting as such. The arguments by economists and philosophers 
that private discount rates are too high in social terms have considerable 
validity and have to be taken seriously. At the same time, these discussions do 
not provide practical advice on how the social rate should be determined. It 
is also important to note here that these arguments do not apply only to 
environmental costs and benefits but to all costs and benefits. 

The environmentalists· arguments against the use of opportunity cost of 
capital discount rates were largely shown to be invalid. Particularly if future 
benefits and costs of environmental amenities are properly measured, the 
discount rate need not be the enemy of the environment that it is sometimes 
considered to be. However, the point that there are no historical data to apply 
productivity of capital discount rates for impacts that have very long gestation 
periods is important and has to be acknowledged. It was suggested that in 
situations where impacts over hundreds of years need to be valued another 
route might be followed. 

One such approach is through a 'sustainability constraint'. This could be 
used to place physical constraints on the amount of risk and type of damage 
that future generations would have to endure. Then future costs can be included 
in the analysis with an acceptable discount rate applied but that discount rate 
cannot be said to have influenced key decisions about the environmental 
liabilities handed on to future generations. 

To some extent, a 'sustainability' approach is already followed, when environ­
mentalists have argued that, in some key cases, protection for key resources 
and environments has to be guaranteed, irrespective of whether it can be 
justified on cost-benefit grounds at conventional discount rates. Although there 
are merits in favor of such an argument, what is being called for here is more 
than that. What is needed is a systematic procedure by which a sustain ability 
criterion can be invoked in support of certain actions. Such a procedure does 
not exist, but it would be desirable to develop one. 
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Conclusions on discounting 
This section has reviewed the arguments for different discount rates and con­
cluded that the arguments against any discounting at all are not valid. At the 
same time the arguments that individual discount rates are too high have some 
validity, as does the argument that discounting is not the appropriate way to 
deal with very long term impacts (e.g. over one hundred years). For the latter 
a sustain ability approach is recommended. For the former, it is recommended 
that the environmental costs be calculated for rates of around 3%. The global 
damage estimates reported in Chapter 9 are based on discount rates of 1-3%. 
In computing the health costs on the basis of life years lost, a discount rate of 
3% has been used. Likewise for other damages where discounting is relevant, 
a rate of 3 % has been adopted. 

2.6. Uncertainty 

Uncertainty in its various manifestations is arguably the most important and 
least satisfactorily-addressed aspect of the whole assessment of the environmen­
tal impacts (not just the economic component). There are two distinct aspects 
of the uncertainty. One is the uncertainty about the different parameters of the 
impact pathway, including the monetary valuation; and the other is the impact 
of uncertainty on the valuation of impacts, such as accidents, risks of disease 
etc. For the first kind we recognize that overall uncertainty is the product of 
uncertainty in each of the four stages of the impact pathway: estimation of 
emissions, calculation of the spatial dispersion of the emissions, estimation of 
the physical impacts of the dispersed pollutants, and valuation ofthese impacts.3 

If one could quantify the uncertainty at each of these stages, one could quantify 
the overall uncertainty in terms of some probability distribution. Some work 
along these lines is being undertaken as part of the development of the EXTERNE 

project (based on lognormal distributions of the different parameters and some 
subjective estimates of the geometric standard deviation of those distributions). 
At this stage, however, it is not generally possible to quantify the uncertainty 
in terms of probability distributions. 

The alternative that has been adopted is to take a scenario approach. A 
'base case' value for each key parameter is combined with low and high case 
scenarios. A range of values has been taken for key parameters and the results 
reported not only for the central estimate but for the range of values. This does 
not provide a statistically valid estimate of the range of values for the external 
costs, with a given confidence interval, or resolve the uncertainty issue, but it 
will be a useful indication of where the uncertainties lie. 

A separate but equally important aspect of the uncertainty dimension in the 

3 In this report only the last two stages are analysed: estimation of the physical impacts of the 
dispersed pollutants, and valuation of these impacts. 
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valuation of environmental impacts arises from the fact that, for health related 
damages and accidents, one is valuing changes in risk of damage. Attitudes to 
risk aversion should therefore play an important part in determining such 
values. In the valuation literature reviewed in later sections of this synthesis 
report there is, unfortunately, little evidence that risk aversion has been taken 
explicitly into account. In the EXTERNE study this was most serious in the 
valuation of accidents, especially nuclear accidents. Hence an effort was made 
to develop a methodology for the valuation of nuclear accidents. (European 
Commission, 1995b). The results indicate that taking explicit account of risk 
aversion can result in considerably higher values for, for example, nuclear 
accidents, but that it depends on the precise formulations of the risk aversion 
function. A more important factor seems to be the assessment of risk, as given 
by the estimated probability of the accident. 
This study has not addressed this issue. The risk related costs of environmental 
damages have not been explicitly valued. Such costs could be significant and 
this is an area where further research is required under GARP ll. 

2.7. Conclusions 

This chapter has provided the background on the valuation issues that have 
arisen in this study. There are several categories of value that should be 
estimated, and a range of techniques for estimating them. The greatest problems 
arise in the valuation of non-use damages, and this is reflected in this study by 
the much more limited coverage for such damages, compared to 'use' damages, 
such as health effects, materials corrosion etc. 

The basis of the valuation is willingness to pay for improvements in the 
environment or willingness to accept payment for damages suffered. There are 
questions that arise with such an approach but, in our opinion, it is the most 
appropriate method for valuation of damages. Issues such as income distribu­
tion which are ignored by the approach can be handled in other ways. There 
is a question of whether damages are 'double counted' if we estimate them 
using the methods proposed. This is because they may be reflected in higher 
wages and prices for the products that cause the damage. This is an issue but 
not one that we address, leaving it to the policy analysts to decide on whether 
specific damages are internalized or not. 

In conducting damage estimation we have to rely on existing studies and 
estimates and the process of transferring estimates from one type of study to 
another is called benefits transfer. In the chapter we discuss the issues that 
arise in making such transfer and recommend best practices that should be 
followed. 

Some researchers have recommended using avoidance costs to estimate 
damages. We take the view that this is not the correct procedure in general, 
although there may be circumstances where avoidance costs can be employed. 
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They are appropriate when the damages are clearly in excess of mitigation 
costs, and when the mitigation is actually carried out. 

This chapter has also addressed the question of discounting. Discounting is 
necessary in comparing costs at different points in time. It is recommended 
that the discount rate for future damages be in the region of 3%. Such a rate 
will not address the problems of very long term damage, or damage that could 
threaten the sustainability of an eco-system. For such cases a sustainability 
approach, where a full repairing cost is estimated and debited against the 
source of the damage is warranted. 

Finally, we have addressed the question of uncertainty, which in its various 
manifestations, is arguably the most important, and least satisfactorily dealt 
with aspect of the whole assessment of the environmental impacts (not just in 
the context of this study). It has to be recognized at the outset that all the 
estimates of damage in money terms will have large elements of uncertainty 
about them. This is unavoidable and there is evidence to suggest that further 
scientific work on the physical relationships will not reduce that estimate by 
much. To capture the range of results that are possible it is recommended that 
ranges of values of key parameters be used where possible. 

Another issue that is of great importance is the cost associated with the 
uncertain environmental impacts that arise from economic activities. This 
applies particularly to accidents. We have not dealt with such environmental 
costs in this study although we know, from other work undertaken as part of 
the EXTERNE study that such costs could be significant. 
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CHAPTER 3 

HEALTH IMPACTS 

3.1. Introduction 

Health impacts are probably the most important of all environmental impacts 
but also among the most difficult to measure. This chapter provides a discussion 
of the different health impacts, which are divided into mortality impacts, 
morbidity impacts, and accidents. 

The literature on the dose response function is strongly dependent on studies 
carried out in the US, which have been used extensively in this study. This is 
an acceptable procedure in an area where the literature is world-wide, and 
where the research carried out in the US has resulted in careful, sound studies. 
There is a need, however, for more European epidemiological studies in this 
area. New studies are being undertaken in the EU under the 4th Framework 
Programme (in particular the APHEA project) and we intend to access these in 
the second phase of our work. For the present report, the growing epidemiologi­
cal literature was re-reviewed fully, leading to some differences both in model 
assumptions and in detailed exposure-response functions relative to earlier 
work (EC DG XII, 1995b). The final set of exposure-response functions is still, 
however, strongly based on North American studies. 

A similar dependence on US research applies to economic valuation. 
Although there are a number of studies of the value of mortality impacts in 
Europe, there are virtually no serious attempts to value morbidity impacts. 
Hence reliance on the US work is inevitable, but it is important to look at the 
'cultural dependence' of the estimates and methodologies more closely. 

3.2. Exposure-response relationships 

The damage-function approach is the logical way to proceed with an evaluation 
of health impacts provided that the state-of-the-art is sufficiently well developed 
that suitable functions and background data exist. It is useful to consider to 
what extent the implementation of the available exposure-response functions 
really does express the full health impacts of the pollutants that we are con­
sidering. While the damage-function approach is critically discussed in a recent 
report for the EXTERNE Project (European Commission, 1995b), the main issues 
are briefly addressed in order to point the main limitations of the approach. 

35 
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• Lung function health impacts from epidemiological studies have been 
ignored, because at present there are no usable economic valuations of 
lung function changes. These effects are relatively minor in health terms 
however; and the inclusion and valuation of symptoms means that some 
related, relatively minor, effects have been assessed. 

• Chronic mortality and morbidity has been included in a preliminary way 
only; but sufficiently to indicate that these effects may be important. 

• For ease of implementation, several of the key relationships are linearised 
and annualised, assuming an independence of background levels. The real 
situation obviously is more complex. It is assumed that the linearised 
functions are a good approximation of the reported non-linear functions, 
although some scepticism is warranted about whether the linearised func­
tions are appropriate to other contexts. 

• Following the impact pathway approach, it is difficult to quantify an 
impact of an air pollution mixture where little is known about the indepen­
dence or not of the effects of the component parts. The epidemiological 
evidence suggests however that the acute effects of particulates and of 
ozone may reasonably be considered as additive in many situations, the 
confounding between these two pollutants being generally less than that 
between particulates, S02 and NOx • 

• The transferability of an exposure-response function depends partly on 
the health endpoint being considered. Transferability is likely to be better 
to the extent that the endpoint represents a biological rather than a social 
event. Health indicators like Restricted Activity Days, Hospital 
Admissions, Emergency Room Visits etc. partly depend on socio-cultural 
factors. There are also general problems with the transferability of expo­
sure-response functions from one air pollution context to another. 

However, it should be emphasised that there is a strong body of evidence 
associating daily variation in pollution with a wide range of acute health effects. 
Exposure-response relationships reflecting that evidence have been identified 
and implemented here for particulates, S02 and ozone. Relationships for partic­
ulates take account not only of primary emissions, but also of secondary 
sulphates and nitrates. All relationships have been implemented over wide 
geographical areas. Additivity of effects across the health endpoints and pollu­
tants studied is a reasonable approximation to the full acute effects of the 
incremental air pollution, within limits of existing knowledge 

For each of the four pollutants that this assessment of public health effects 
is concerned with, (see Table 1.1, Chapter 1) we have identified, where appro­
priate, exposure-response relationships describing changes in health endpoints 
associated with unit changes in pollutant. The assessment, while conducted for 
the pollutants and for endpoints individually, has however been an integrated 
exercise, with decisions and conclusions in anyone area impacting on another. 
All of the exposure-response relationships proposed are based on epidemiologi­
cal studies of general air pollution; experimental studies (whether human or 
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animal) are used to provide contextual information only. Within this frame­
work, we have primarily selected studies which show a clear (statistically 
significant) relationship between pollutant and effect, through the use of appro­
priate statistical methods, adjusting for the effects of possible confounding 
factors, including other pollutants and climate. 

These generally high standards have been modified in some instances where, 
all things considered, it seems likely that a real relationship exists between the 
pollutant and endpoint of interest; but no particularly strong study of that 
relationship is available currently. In these circumstances, use of a somewhat 
weaker study may be better than no attempt at quantifying that relationship. 

Epidemiological study of the health effects of ambient air pollution has been 
a very active area of research in recent years, and is likely to continue to be 
so in the coming period. Thus, identifying and implementing a suitable set of 
exposure-response functions within the present project has meant taking defi­
nite positions on issues which are still under active research and are matters 
of legitimate debate. The purpose of this introductory section is to note what 
are the principal issues of judgement to be addressed and what positions have 
been adopted as working assumptions at this time. The reasons for the choices 
made are described more fully in the methodology report for the EXTERNE 

project, upon which this study has drawn extensively (see European 
Commission, 1995b). It is important to note that research on some of these 
functions is very much ongoing and new results are coming in all the time. We 
should expect, therefore, to make changes to the estimates as the science 
advances. In particular, new European studies will soon be made available. 

3.2.1. Acute and chronic effects 

It is very important to distinguish between acute effects (which occur on the 
same day as increases in pollution, or very soon thereafter), and chronic effects 
(which are the delayed effects of long-term exposure). With acute mortality, 
higher air pollution days contribute to a higher number of deaths on the same 
day or on immediately following days. In this case, the 'at-risk' population 
consists mainly of elderly people ( > 65) with existing (serious) cardio-respira­
tory problems. The expectation is that persons affected are already quite ill 
and have only a short life expectancy. 

With chronic mortality, long term exposure to air pollution leads to disease, 
which contributes to premature death. In this case, it is formally irrelevant 
whether that death follows a higher pollution day. The cohort studies show 
increased mortality from cardio-respiratory disease, and possibly from lung 
cancer. 

As described below, acute effects of several pollutants across a range of 
health endpoints are well established. There is some degree of informed specula­
tion but no established understanding of the mechanisms by which these 
effects occur. 
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It is more difficult to establish reliable relationships in chronic effects studies, 
and so there are fewer potentially usable exposure-response functions. It may 
well be however that in terms of public health impacts and their economic 
valuation, chronic effects are more important. We have therefore attempted to 
include chronic mortality and morbidity relationships within the overall 
implementation. 

3.2.1.1. Particulates: acute effects 
There are now numerous studies which associate particulate air pollution with 
a wide range of acute effects on health. These associations have been found at 
normal background levels in a wide range of locations. In the present study 
we have assumed that there is no threshold level of pollution for these effects. 
There is some evidence, though not compelling, that the health effects per unit 
incremental exposure are higher when background pollution levels are lower. 
Because this is not well-established, and for ease of implementation, effects are 
estimated in this project as independent of background. 

Within this project these associations are treated as causal, though there is 
no established understanding of the mechanism of action. It is not known for 
sure what size range or what components of respirable particulate air pollution 
are relevant. It seems however that particulates emitted from combustion 
sources, or formed subsequently (e.g. sulphates, nitrates) are more dangerous 
to health than wind-blown natural (crustal) particulates. 

Particulate air pollution may arise due to direct emissions of particles from 
industrial sources, vehicles, homes, etc., or due to the formation of aerosols 
such as ammonium sulphate and ammonium nitrate following the release of 
NOx or S02. We have followed a widespread current convention in using 
PM lO , i.e. particulates of less that 10 J..lm aerodynamic diameter, as the most 
relevant index of ambient particulate concentrations. A case can however be 
made for relationships based on sulphates or on fine particulates (PM2.S). This 
is one of many areas of debate in this area of research at the present time. 

3.2.1.2. Oxides of nitrogen 
Some studies link NOx or N02 with acute effects. These studies have not been 
used, because the apparent NOx effect is arguably in reality not an effect of 
NOx as such. Rather, NOx may be a surrogate or marker for a mixture of 
pollutants not otherwise well measured, including particulates from combustion 
sources, especially traffic. Some role for NOx /N02 is not discounted, but the 
direct effect if any is likely to be small and not quantifiable reliably on the 
basis of available studies. NOx is however implicated indirectly via nitrates 
and ozone. 

3.2.1.3. Sulphur dioxide 
To some extent this also appears to be true for S02. However, the range and 
diversity of positive studies linking S02 with acute health effects is quite 
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substantially greater than for NOx , and human experimental studies are more 
suggestive of a real link especially for asthmatics. A limited number of exposure­
response functions have thus been adopted for S02. 

3.2.1.4. Ozone: acute effects 
There are positive studies linking ozone with a wide range of acute health 
effects endpoints. Most of these are summertime studies, in high-ozone areas. 
It seems that a real relationship exists in these circumstances, and exposure­
response relationships are proposed accordingly. Daily 1-hr maximum ozone 
concentration is used, though many recent studies use longer time-periods 
which possibly are more biologically relevant. Most of these studies do not 
suggest a threshold for ozone effects. It is nevertheless unclear whether these 
results generalise to other locations and seasons, where direct investigation 
often fails to show an ozone effect. We have treated the results as generalisable, 
without threshold, on the assumption that ozone is the active agent. 

3.2.1.5. Particulates: chronic effects 
Recent studies, adjusting for confounders at the individual level, have shown 
associations between chronic health effects and ambient particulate levels, 
though the adequacy of the adjustment remains a matter of debate. 
Quantification of the chronic effects is complicated, and possibly compromised, 
by use of recent pollution levels only, rather than the higher historical levels 
which may be biologically relevant to chronic mortality and morbidity. (Use 
of recent levels only will over-estimate the risk per unit exposure to an 
unknown extent). 

Evidence of a chronic effect on mortality is given by Dockery et al. (1993) 
and Pope et al. (1995). These cohort studies found clear relationships with 
PMlO , fine particulates (PM2.S ) and with sulphates. Risk estimates from Pope 
et al. (1995), translating from PM2.S to PMlO , are used as the best available 
estimate of chronic mortality. They show that chronic effects on mortality may 
have a significant impact on the overall evaluation. 

It must be said that this view is not universal at the moment. For example 
these studies have been cited as evidence that short term fluctuations in particu­
late levels reduce the life expectancy of those included under the 'acute' expo­
sure-response functions by possibly several years, rather than as evidence for 
an effect of chronic exposure. Clearly this issue needs to be openly debated, 
and for this reason results from the function derived by Pope et al. are given 
in this chapter and in the summary tables to the report. However, significantly 
greater confidence is associated with our estimates of acute effects of particulates 
on mortality, because of the greater body of literature from which the functions 
used to calculate them are drawn. 

Some aspects of chronic morbidity are also evaluated. These have been 
included, on the assumption that morbidity is less affected by the 'historical­
to-recent' exposure problem. This is certainly true for childhood disease. It is 
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Table 3.1. Exposure-response functions used for the assessment of mortality effects 

PoUutant: PM lO 

Schwartz Percentage change in Low: 0.064 * Change in annual 
(1993a) acute mortality Mid: 0.104 PM lO 

High: 0.145 concentration 
(in J.1g/m3 ) 

Pope et al. Percentage change in Low: 0.295 * Change in annual 
(1995)1 chronic mortality Mid: 0.386 PM lO 

High: 0.477 concentration 
(in J.1g/m3) 

Pollutant: S02 
Touloumi et al. Percentage change in Low: 0.065 * Change in annual 

(1994) acute mortality Mid: 0.096 S02 concentration 
High: 0.127 (in J.1g/m3 ) 

Pollutant: 0 3 

Kinney et al. Percentage change in Low: 0.010 * Change in annual 
(1994) acute mortality Mid: 0.015 0 3 concentration 

High: 0.020 (in ppb) 

1 The relationship for chronic effects of PM lO on mortality is thought to implicitly include acute 
effects. Chronic effects have therefore been calculated by subtracting the Schwartz (1993a) function 
from the Pope et al. (1995) function. PM lO and S02 levels are expressed as J.1g/m- 3, whilst 0 3 

levels are expressed in ppb. 

arguable whether the childhood conditions estimated here should be called 
chronic or acute. 

3.2.1.6. Other pollutants: chronic effects 
The situation regarding chronic effects of ozone is unclear. There may be some 
effects. However, relationships are not proposed. Nor are chronic effects esti­
mated for N0x- Two chronic functions are given for S02' 

3.2.2. Summary of exposure-response relationships proposed 

Effects quantified now include mortality, hospital admissions, (hospital) emer­
gency room visits (ERVs), restricted activity days (RADs), asthma attacks and 
(mostly respiratory) symptoms. Lung function effects are not described because 
there is currently no good means of economic valuation. The relationships 
proposed are summarised in the following Tables 3.1 to 3.5. 

3.2.3. Unquantifiable uncertainties with exposure-response functions 

There are unquantifiable uncertainties in transferring the results of mostly 
North American studies to a European context. Some aspects have been 
considered earlier. Others include differences in pollution sources and mixtures, 
and in the relationships between pollutants and confounding factors. It is 
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Table 3.2. Exposure-response functions used for the assessment of acute effects on morbidity of 
PM lO levels (p.g!m-3) 

Schwartz (1994) Change in hospital Low: 0.124 * Change in annual PM lO 

and Burnett admissions for Mid: 0.187 concentration 
et al. (1994) respiratory infections High: 0.251 (in p.g!m3) 

per 100,000 persons 
(all ages) per year 

Schwartz (1994) Change in hospital Low: 0.161 * Change in annual PM lO 

and Burnett et al. admissions for COPD Mid: 0.227 concentration 
(1994) per 100,000 persons High: 0.293 (in p.g!m3) 

(all ages) per year 
Sunyer et al. Change in ERVs for Low: 0.58 * Change in annual PM lO 

(1993) COPD per 100,000 Mid: 0.72 concentration 
persons (all ages) per High: 0.86 (in p.g!m3) 
year 

Schwartz (1993) Change in ERVs for Low: 0.4 * Change in annual PM lO 

and Bates et al. asthma per 100,000 Mid: 0.64 concentration 
(1990) persons (all ages) per High: 0.86 (in p.g!m3) 

year 
Schwartz et al. Change in hospital Low: 2.18 * Change in annual PM lO 

(1991) visits for childhood Mid: 2.91 concentration 
croup per 100,000 High: 3.82 (in p.g!m3) 
persons (all ages) per 
year 

Ostro (1987) Change in RADs per Low: 31.8 * Change in annual PM 10 

1000 adults per year Mid: 49.9 concentration 
High: 78.3 (in p.g!m3) 

Ostro et al. Change in 'shortness Low: 0.Q7 * Change in annual PM10 

(1991) of breath' days per Mid: 0.14 concentration 
asthmatic per year High: 0.21 (in p.g!m3) 

Krupnick et al. Change in symptom Low: 221.9 * Change in annual PM lO 

(1990) days per 100,000 Mid: 465.0 concentration 
persons (all ages) per High: 686.9 (in p.g!m3) 
year 

Notes: COPD - Chronic Obstructive Pulmonary Disease. 
ERV - Emergency Room Visit. 
RAD - Restricted Activity Day. 

however a strength of the studies that relationships, expressed as percentage 
change in health effect per unit exposure, seem remarkably invariant to changes 
in population, location and pollution mixtures. 

If the exposure-response functions were to be implemented in the form of 
percentage change in health effects per unit exposure, it would be necessary to 
know (or to estimate reliably) the background levels of mortality and morbidity 
over the full population at risk. Death rates are quite readily available; and 
mortality has therefore been estimated using percentage change functions. It 
was however impractical to estimate background morbidity rates across the 
range of endpoints, in a way which took account of possible variations across 
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Table 3.3. Exposure-response functions used for the assessment of acute effects on morbidity of 
incremental ozone pollution, expressed as the annual mean of the daily 1 hour maximum level (ppb) 

Schwartz (1994) Change in hospital Low: 0.636 * Change in annual 0 3 

and Burnett admissions for Mid: 0.848 concentration 
et al. (1994) respiratory infections High: 1.011 (in ppb) 

per 100,000 persons 
(all ages) per year 

Schwartz (1994) Change in hospital Low: 0.387 * Change in annual 0 3 

and Burnett admissions for COPD Mid: 0.617 concentration 
et al. (1994) per 100,000 persons High: 0.848 (in ppb) 

(all ages) per year 
Thurston et al. Change in hospital Low: 0.283 * Change in annual 0 3 

(1994) and admissions for asthma Mid: 0.571 concentration 
Burnett et al. per 100,000 persons High: 0.858 (in ppb) 

(1994 ) (all ages) per year 
Cody et al. Change in ERVs for Low: 1.72 * Change in annual 0 3 

(1992) and asthma per 100,000 Mid: 2.63 concentration 
Bates et al. persons (all ages) per High: 3.50 (in ppb) 
(1990) year 

Ostro and Change in minor RADs Low: 0 * Change in annual 0 3 

Rothschild per 1000 adults per Mid: 15.6 concentration 
(1989) year High: 52.3 (in ppb) 

Holguin et al. Change in asthmatic Low: 0.365 * Change in annual 0 3 

(1984) attacks per asthmatic Mid: 0.582 concentration 
per year High: 0.798 (in ppb) 

Krupnick et al. Change in symptom Low: 26.9 * Change in annual 0 3 

(1990) days per 100,000 Mid: 52.8 concentration 
persons (all ages) per High: 78.8 (in ppb) 
year 

Notes: COPD - Chronic Obstructive Pulmonary Disease. 
ERV - Emergency Room Visit. 
RAD - Restricted Activity Day. 

grid-cells. Instead, a single background rate was estimated from an available 
epidemiological study (often, but not always, the same study as was used to 
provide the relationship of percentage change), and combined with the esti­
mated percentage change to give estimated numbers of impacts per unit incre­
mental exposure and unit population. 

This approach, while easing implementation, is inexact in that it assumes 
both that background rates do not vary importantly within the population at 
risk, and that the average background rates can be estimated adequately using 
studies in other locations. These assumptions ignore population-related varia~ 
tions in true morbidity levels, as well as socio-economic and cultural differences 
affecting health service usage, restricted activity, and symptoms reporting. 
Better estimation of background levels of morbidity may be one useful area of 
improving the present estimates. 

Despite these limitations, we consider that an informative quantified assess­
ment can be made with current knowledge; though the uncertainties involved 
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Table 3.4. Exposure-response functions used for the assessment of chronic effects on morbidity 
of PM 10 levels (llg/m·3) 

Schwartz Change in prevalence of Low: 45 * Change in annual PM IO 

(1993b) adults with chronic Mid: 70 concentration 
bronchitis per 100,000 High: 94 (in Ilg/m3) 
adults per year 

Schwartz Change in prevalence of Low: 60 * Change in annual PM lO 

(1993b) adults with respiratory Mid: 95 concentration 
illness per 100,000 adults High: 129 (in Ilg/m3) 
per year 

Dockery et al. Change in prevalence of Low: 85 * Change in annual PM IO 

(1989) children with bronchitis Mid: 161 concentration 
per 100,000 children per High: 238 (in Ilg/m3) 
year 

Dockery et al. Change in prevalence of Low: 103 * Change in annual PM lO 

(1989) children with chronic Mid: 207 concentration 
cough per 100,000 High: 313 (in Ilg/m3) 
children per year 

Table 3.5. Exposure-response functions used for the assessment of acute effects on morbidity of 
S02 pollution levels (llg/m·3) 

Ponka and 
Virtanen 
(1994) 

Hospital admissions for 
chronic bronchitis or 
emphysema per 100,000 
( all ages) per year 

Low: 
Mid: 
High: 

0.11 
2.91 
5.75 

* Change in annual S02 
concentration 
(in Ilg/m3) 

should not be disregarded. The scope of uncertainty will surely be reduced as 
research in air pollution epidemiology continues. 

3.2.4. Interpretation of the health endpoints 

The likely severity of these effects is relevant both to general understanding 
and to economic valuation. For example, almost certainly the acute mortality 
effects occur predominantly in generally older people, with serious pre-existing 
ill-health conditions, though the precise mechanism of action has not (yet) 
been established. Length of life lost in those who die prematurely following 
higher pollution days is also unknown, but is likely to be very short relative 
to average life expectancy. Average reduced life expectancy among those who 
die prematurely from chronic disease is likely to be much greater. 

Minor restricted activity days (MRADs) do not involve bed disability, or 
time off work or school. Any symptom, as in Krupnick et al. (1990), covers a 
very wide range of occurrences most of which would not be considered severe. 
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3.3. Valuing mortality impacts 

The mortality approach in the valuation literature is based on the estimation 
of the willingness to pay for a change in the risk of death. This is converted 
into the 'value of a statistical life' (VOSL) by dividing the WTP by the change 
in risk. So, for example, if the estimated WTP is ECU 100 for a reduction in 
the risk of death of 1/10000, the value of a statistical life is estimated at 
100* 10000, which equals one million ECU. This way of conceptualising the 
willingness to pay for a change in the risk of death has many assumptions, 
primary among them being the 'linearity' between risk and payment. For 
example, a risk of death of 1/1000 would then be valued at ECU 1 mn./1000, 
or 1000 ECU using the VOSL approach. Within a small range of the risk of 
death at which the VOSL is established this may not be a bad assumption, 
but it is clearly indefensible for risk levels very different from the one used in 
obtaining the original estimate. 

Estimates of the WTP for a reduction in risk or the WTA of an increase in 
risk have been made by three methods. First, there are studies that look at the 
increased compensation individuals need, other things being equal, to work in 
occupations where the risk of death at work is higher. This provides an estimate 
of the WTA. Second, there are studies based on the CVM method, where 
individuals are questioned about their WTP and WTA for measures that reduce 
the risk of death from certain activities (e.g. driving); or their WTA for measures 
that, conceivably, increase it (e.g. increased road traffic in a given area). Third, 
researchers have looked at actual voluntary expenditures on items that reduce 
death risk from certain activities, such as cigarette smoking, or purchasing air 
bags for cars. 

Table 3.6 below summarizes the European studies from these three cate­
gories, and gives the central (and range if available) estimated value of a 
statistical life in ECU. All values have been converted into £(1995) prices and 
then into ECU. The European studies show a range of values for VOSL of 
ECU 0.8-7.2 mn. The mean of the range is approximately ECU 4.2 mn. It is 
worth noting that, on average, the highest values come from the CVM studies 
and the lowest from the consumer market studies where actual expenditures 
are involved. By comparison, Table 3.7 gives the summary results from the US 
studies, converted into ECU. The range (taking the average in each category) 
is ECU 2.4-3.1 mn. for the US studies, whereas it is ECU 3.0-5.3 mn. for the 
European studies. Given the higher per capita income in the US compared 
with that in the European countries where the studies were carried out (mainly 
the UK), this is somewhat surprising. It is principally the result of higher values 
in the European CVM studies, particularly the earlier Jones-Lee study, (1976) 
and the Frankel study. Eliminating these two studies would produce a range 
and an average for the CVM group of ECU 2.5-3.6 mn. and 3.1 mn. respec­
tively. Taking those figures would give a mean value of life of ECU 3.1 mn. 
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Table 3.6. European empirical estimates of the value of a statistical life (VOSL) 

VOSL values 
Country Author Year (ECU mn. 1995) 

Wage Risk Studies 
UK Melinek 73 0.8 
UK Veljanovski 78 8.4-11.8 
UK Needleman 80 0.4 
UK Marin et al. 82 3.7-4.2 
Average wage-risk 3.4-4.3 

CVM Studies (including contingent ranking method) 
UK Melinek 73 0.5 
UK Jones-Lee 76 15.5-19.2 
UK Maclean 79 5.2 
UK Frankel 79 5.2-21.0 
UK Jones-Lee 85 1.3-5.8 
SWE Persson 89 2.6-3.2 
AU Maieret al. 89 3.2 
Average CVM 4.7-8.3 

Consumer Market Studies 
UK Melinek 73 0.4-0.8 
UK Ghosh 75 0.8 
UK Jones-Lee 76 1.0-11.0 
UK Blomquist 79 1.0-3.5 
Average UK Market 0.8-4.1 

Sources: See original studies. 

Table 3.7. Summary table for values of a statistical life (ECU Mn. (1995)) 

Wage-Risk 
CVM 
Market 
Average 

European 

3.4-4.2 
4.9-7.6 
0.8-4.1 
3.0-5.3 

Source: Adapted from Pearce et. al. (1992). 

USA 

4.2-6.6 
1.7-3.0 
1.2-1.3 
2.4-3.6 

which is probably the best central estimate from the European studies. It is 
this value that has been used in this study. 

The main issues that arise with the application of the value of a statistical 
life to the present study are the following: 

(a) the validity of the methods used in estimating the value of a statistical 
life; 

(b) the distinction between voluntary and involuntary risk; 
(c) the treatment of age dependent mortality and years of life lost; 
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(d) the transfer of risk estimate from different probability ranges. 

3.3.1. Validity of methods of estimating a statistical life 

All three methods of valuing a statistical life have been subject to considerable 
criticism. The wage-risk method relies on the assumption that there is enough 
labour mobility to permit individuals to choose their occupations to reflect all 
their preferences, one of which is the preference for a level of risk. In economies 
suffering from long standing structural imbalances in the labour markets this 
is at best a questionable assumption. Second, it is difficult to distinguish between 
risks of mortality and morbidity. Third, the WTA will depend on perceived 
probabilities of death. Almost all studies, however, use a measure of the long­
run frequency of death as a measure of risk. This makes the results quoted 
unsatisfactory. Fourth, the probabilities for which the risks are measured are 
generally higher than those faced by most airbourne pollutants. This point is 
returned to below, but a related factor is that the high risk occupations involve 
individuals whose WTA for an increase in the risk of death is not typical of 
the population at large (e.g., steeplejacks).2 The net impact of all these factors 
is difficult to gauge but it is likely that the estimated WTA will be lower. 

3.3.2. Voluntary and involuntary risk 

There is strong evidence to suggest that individuals treat voluntary risk 
differently from involuntary risk, with the WTA for a voluntary risk being 
much lower than that for an involuntary risk. Starr (1976) has estimated, on 
a judgmental basis, the difference between the willingness to accept a voluntary 
increase in risk and an involuntary increase. He finds the latter to be around 
ten times as high as the former for probabilities of death in the range 10- 6_10- 7• 

Interestingly, for lower probabilities that are typical of the fuel cycles, estimates 
of the differences are not available. In another study of the difference (Litai, 
1980), it has been argued that the difference could be as much as 100 times. 

The CVM methods are subject to the criticism that the choices are hypotheti­
cal and that individuals are not familiar with the concepts of risk involved. 
Certainly, there have been serious difficulties in conveying the impact of 
different probability changes through questionnaire methods. 

Finally, the consumer expenditure approach is subject to the difficulties that 
perceived probabilities are very different from objective probabilities, and that 
the effects of the expenditures are to reduce the risk of death as well as of 

2 This is probably one reason that the etimated value of life declines as the mean risk level in a 
group increases. From a theoretical perspective one would expect the opposite if the populations 
were homogeneous. The US Fuel Cycle Report (ORNL/RFF, 1994) cites data to show that the 
value of a statistical life more than doubles if one allows for self-selection in the wage risk studies. 
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Table 3.B. Variation of VOSL with age 

Age 20 25 30 35 40 45 50 55 60 65 70 75 

VOSL as% of age 40 68 79 88 95 100 103 104 102 99 94 86 77 

Source: Jones-Lee et al. (1985). 

illness following an accident. It is difficult to separate the two impacts in 
the studies. 

For all these reasons the studies are likely to be biased, with the wage-risk 
studies producing values that are too low and the CVM studies values that 
are too high. Taking an average, as has been done here, is averaging unknown 
errors and one cannot say what the final impact will be. However, they are all 
that is available and one can draw some comfort from the fact that the values 
are, in broad terms, in a plausible range. 

This issue is of great importance to the present study, where the public 
opposition to nuclear fuel will not be reflected in the costs as estimated by 
using a value of life of around ECU 3.1 mn. This may be an issue of perceived 
versus objective probabilities, but can only be a partial explanation. At this 
stage, there is no alternative to using this value. However, as part of the 
ongoing research the issue of voluntary risk needs to be addressed and a revised 
estimate of the value of life obtained. 

3.3.3. Age dependent mortality 

The problem of age dependent mortality arises because the value of 
ECU 3.1 mn. is based on studies in which the individuals involved came from 
relatively narrow age bands (around 25-55 years, with a concentration in the 
35-45 age band). One would expect the VOSL to vary with age, with a possibly 
lower value for older people, but this does not appear to be supported by the 
little evidence that is available. Variations of estimated VOSL by age do exist 
but they do not demonstrate a clear pattern. 

A study that provides clear evidence on age-dependence is Jones-Lee et al. 
(1985) (see Table 3.8). Other studies, such as Shephard and Zeckhauser (1982) 
address this question but in a purely theoretical context. Jones Lee et al. found 
that VOSL at age 20 is about 70% of VOSL at age 40. Between 20 and 40 it 
rises slightly, and between 55 and 75 it falls slightly, so that by the age of 75 
it is around 77% of the value at age 40. 

These are quite small adjustments to VOSL and, generally, within the 
margins of error of the estimates anyway. Furthermore, in those cases where 
we are going to use VOSL, there are other factors that are more important in 
determining the value that should be applied than this small age-dependence 
variation (such as latency, manner of death, years of life remaining etc.). For 
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all these reasons the GARP team concluded not to adjust VOSL for reason of 
age dependent mortality. 

3.3.4. The concept of value of life years lost (VLYLj 

The basis for this concept is the fact that some of the air pollution impacts 
will be on individuals who could not be expected to have long to live. The 
VOSL estimates, however, are based on studies of individuals with normal life 
expectancies. Therefore, for certain kinds of mortality impacts, using VOSL 
and applying it to data on excess deaths (as estimated by dose-response 
functions) will result in an overestimation of air pollution damages. It is possible 
to estimate the value of a year of life lost from the estimates of the value of a 
statistical life, if one has data on the age of the reference group, and some way 
of estimating the discount factor applied to present versus future years of life. 

An important study in this area is Moore and Viscusi (1988). This is a 
wage-risk study which considers how workers view fatality risks at work. With 
fatalities, a young person loses a much greater amount of lifetime utility than 
an older person, a source of variation that is not incorporated in VOSL 
approaches. This is incorporated by weighting the standard death risk measure 
by the remaining life of each sample member. More specifically, the information 
used includes expected lifetimes, worker age, a discount rate that is computed 
as part of the estimation process, and measures of death risk. 

This makes it possible to calculate the worker's expected remaining life at 
risk, reflecting the fact that the worker's principal concern is not simply the 
probability of a fatal accident, but the discounted duration of life and the 
associated lifetime utility at risk on the job. This discounted duration of life at 
risk is referred to as the quantity-adjusted death risk and is used in calculating 
the quantity-adjusted value of life. The quantity-adjusted value of life differs from 
conventional (VOSL) estimates in that the trade off is not between wages and 
death risk probabilities, but between wages and death risks that have been 
weighted by the discounted number of potential life years lost. 

The rates of discount for workers is in the range 10-12 %. Since these values 
converted to nominal rates are bounded from below by the prevailing home 
mortgage interest rate and bounded from above by credit card interest rates, 
there is little evidence of intertemporal irrationality. The implicit values per 
additional expected year of life equate to ECU 180,000 to ECU 211,500 (1995 
prices). These values are the average WTP for an additional life in present 
value terms. The corresponding VOSL estimate is equivalent to ECU 6.34 mn. 
(1995), which is reflective of traditional VOSL approaches in the US literature. 

A further study is Harrison (1990), who indicates that the implied value of 
a year of life lost, when used to value average years of life lost from premature 
death caused by cancer, cardiovascular disease etc., is only around 30% of the 
value that would emerge from an application of the value of a statistical life. 

Pursuing this line of reasoning, one can calculate the value of a life year 
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lost as follows. Consider a 'prime age male' with 37 years of life expectancy, 
for whom the VOSL of ECU 3.1 mn. is correct. Applying a discount rate of 
3% to the annual value of a life year results in a value for a life year lost 
(VLYL) of ECU 138,115.3 Using this value will have an impact on estimated 
health costs that is dependent on the number of years lost. This is the approach 
proposed by the GARP team. 

As Navrud (1997a) notes, the VLYL approach implies very strong assump­
tions about the relationship between time and utility a person derives from 
life, namely that it is a linear function of time. It is plausible that this might 
lead to a significant understatement of the WTP for elderly people if there is 
a value attributed to being alive that is independent of the amount of time one 
expects to live. Johannesson and Johanson (1996) using a CVM approach, 
found that adding a year of life is more highly valued among the elderly. The 
WTP increased at a constant rate of 1-4% per year; this falls in the range of 
the Moore and Viscusi study. 

These results indicate that people do have a positive discount rate for VOSL 
and it is, therefore, appropriate to use the approach proposed. Hence, the 
starting point for the valuation of health effects is a VLYL of ECU 138,000 and 
a corresponding VOSL of ECU 3.1 mn. 

3.3.5. Chronic and acute mortality 

The dose-response functions used to estimate excess deaths arCf. based on cohort 
data (different regions and one point in time), as well as time series data (the 
same region over time). In the literature, the interpretation commonly given is 
that the cohort studies reflect chronic effects and time series studies reflect 
acute effects. This may not, however, be completely correct (J. Evans, pers. 
communication). It is highly likely that the cohort studies are picking up both 
effects, and that adding the results of the two may be double counting. The 
mechanisms of acute and chronic effects have been detailed in section 3.2.1. 
With chronic effects one would expect a greater loss of life years. 

For acute effects, the epidemiologists advising the GARP team concluded that 
the average VLYL should be 15 months, equivalent to a value of an acute 'case' 
of ECU 172,500 with a range of 1 month to 3 years. Correspondingly, for 
chronic effects, the number of life years lost was estimated to be 3, giving a 
value for a chronic 'case' of ECU 414,000, with a range of 1 to 6 years. At this 
stage of the work we have also implemented exposure-response functions both 
for acute and for chronic mortality effects, but we realise that there may be an 
element of double counting here. 

3The calculation is VOSL = VLYLi. (1.03)-i. If VLYL is independent of i this gives the figure 
reported above when the summation is over 37 years. 
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3.3.6. Transfer of risk estimates from different probability ranges 

Finally, there is the issue of the probability range over which the estimation is 
carried out and over which it is applied. Typically one is dealing with much 
lower probabiliti~s of death from the airborne pollutants (of the order of 10- 6 

and lower), whereas the studies on which the estimated value of a statistical 
life is based are dealing with probabilities of between 10- 1 to 10-5. 

Furthermore, as the survey by Fisher, Chestnut and Violette (1989) has pointed 
out, the results from studies at the higher end of the probability range are less 
reliable. As mentioned earlier, theoretical models would tend to predict that 
the WTA for lower risks should be lower but, if anything, the empirical literature 
shows the opposite. Partly this is due to the fact that the groups are not 
homogeneous. The issue remains unresolved and there is little that can be done 
about this problem at this stage. In the medium term, research on the theoretical 
and empirical aspects of this issue is needed. 

3.4. Morbidity impacts 

There is an enormous US literature on valuing morbidity effects, and a virtual 
absence of one in Europe. In this study, as in the EXTERNE study that preceded 
it, we have made maximum use of the excellent work carried out in this area 
by the US team, with modifications to their findings as and when appropriate. 

The WTP for an illness is composed of the following parts: the value of the 
time lost because of the illness, the value of the lost utility because of the pain 
and suffering, and the costs of any expenditures on averting and/or mitigating 
the effects of the illness. The last category includes both expenditures on 
prophylactics, as well as on the treatment of the illness once it has occurred. 
To value these components researchers have estimated the costs of illness, and 
used CVM methods as well as models of avertive behaviour. 

The costs of illness (COl) are the easiest to measure, based either on the 
actual expenditures associated with different illnesses, or on the expected fre­
quency of the use of different services for different illnesses. The costs of lost 
time are typically valued at the post-tax wage rate (for the work time lost), 
and at the opportunity cost of leisure (for the leisure time lost). Typically the 
latter is between one half and one third of the post-tax wage. Complications 
arise when the worker can work but is not performing at his full capacity. In 
that case an estimate of the productivity loss has to be made. It is important 
to note that COl is only a component of the total cost. However, since the 
other components are difficult to measure, estimates have been made of the 
relationship between the total WTP and COL A COl approach has been used 
to value non-fatal cancers. The COl plus foregone earnings were the only 
estimate available. Although not ideal, it is better than the alternative of using 
no value at all. 
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CVM is the only approach that can estimate the value of the pain and 
suffering. The difficulties are those generally associated with the use of CVM 
and, in addition, of allowing for the fact that it is difficult to know which of 
the many costs are included in the given responses. In general, respondents 
will not include those costs that are not borne by them as a result of the illness 
(e.g., medical insurance). In that event, such costs need to be added. In this 
category one should also include the cost, in terms of pain and suffering, that 
the illness causes to other people (the so-called altruistic cost). 

Avertive behaviour is the most complex of the three to model. It involves 
the estimation of a health production function, from which one would be able 
to estimate the inputs used by the individual in different health states, and 
taking the difference in value between these to obtain the cost of moving from 
one health state to another. The difficulty is in estimating that function, where 
many 'inputs' provide more than one service (e.g., bottled water, air condition­
ers), and where the changes in consumption as a function of the state of illness 
are difficult to estimate. 

The EXTERNE study provides an extensive list of the empirical literature on 
the costs of morbidity. The broad groups under which the estimates can be 
classified are as follows: 

(a) estimation of restrictive activity days; 
( b) cost of chronic illnesses; 
(c) valuation of symptom days; 
(d) estimation of altruistic costs. 

3.4.1. Restrictive activity days (RADs) 

A large number of studies, using COl as well as CVM methods, have been 
used to estimate several categories of RADs. These are differentiated by illness 
(respiratory RAD or RRAD, angina RAD etc.), and by severity of impact 
(minor RAD (MRAD) versus normal RAD). It is stated that these impacts are 
among the easier of the health impacts to value, as they relate to acute events, 
lasting a well defined period. The US study provides central or best estimates 
for these impacts which can, as a first approximation, be taken in the European 
study using a purchasing power parity (PPP) exchange rate. Although there 
may be grounds for arguing that medical costs are somewhat higher in the US 
(at the PPP rate), the errors involved in transferring the estimates are likely to 
be dwarfed by those arising from other sources. Until a corpus of European 
studies is available therefore, it is recommended that these values for RAD be 
taken from the US study. This gives a value of ECU 75 per RAD. 

The other alternative is to take a COl approach for the country concerned, 
and to gross-up the value to get the total WTP by using the estimated factor 
of between 2.0 and 3.0. The COl can be valued in terms of the medical costs 
plus any loss of value of time. This approach has not been adopted here, 
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although a check should be made of the WTP values against the European 
based COl values. 

The US study points out that the central values provided for a RAD cannot 
be simply multiplied by the number of days lost, because one would expect 
that the value of each additional day declines as one loses more days, and 
indeed the empirical evidence supports that (the average value declines as the 
number of days lost increases). The conclusion that the estimated rate of decline 
in the value of an RAD with the number of days is too inaccurate to be of use 
is probably correct, making the use of a single value the best course to follow 
at this stage. 

3.4.2. Chronic illness 

The valuation of the chronic illness is largely in terms of the COl approach 
(although there are a few CVM studies). The COl approach includes the direct 
as well as the indirect costs of the illness (such as lost earnings and loss of 
leisure time). The CVM approach operates in terms similar to the value of 
statistica11ife (VOSL) - i.e., by asking what the willingness to pay to reduce 
the risk of contracting a chronic respiratory illness would be. The corresponding 
value is referred to as the 'value of a statistical case' (VSC). A US study by 
Krupnick and Cropper (1992) suggests a best estimate for the VSC for respira­
tory disease to be equivalent to ECU 1.2 mn. Attributing a full VSC to the 
extra (as distinct from the new) cases each year would have seriously over­
valued the impacts. Therefore, this value has not been used. In this study we 
have valued chronic bronchitis only in terms of 'episodes' or acute attacks, 
which is, in effect, under-valuing the overall impacts. Some further work is 
necessary on this issue. Chronic morbidity impacts also arise occupationally. 
It is acknowledged that these are important, but they were not considered in 
this study. 

3.4.3. Symptom days (SDs) 

The US Fuel Cycle Study (ORNL/RFF, 1994) provides an extensive literature 
review on the valuation of symptom-days. These include CVM studies, as well 
as some that combine avertive behaviour and CVM. Although the work carried 
out is impressive, there are unfortunately still many difficulties to be resolved. 
The CVM studies have problems of low response rates and extreme bids that 
have to be discounted. There is also a difficulty in knowing the extent to which 
the responses include the use of avertive measures. Some of the results appear 
to indicate that the latter are not always allowed for. Some recent studies 
(Dickie et al. 1986, 1987) have included information on actual avertive behavi­
our and revealed responses but, as the EXTERNE report points out, "the results 
of this study need considerable refinement before they can be used with confi­
dence in a morbidity benefit analysis. The limitations arise in the theory, data, 
statistical, and implementation phases of the study". 



Synthesis Report: Health impacts 53 

Nevertheless, EXTERNE took the view that this was an important end-point 
and should be valued. It adopted the estimate of ECU 7.5 per symptom day, 
based on the US study. We have taken the same value. 

3.4.4. Altruistic impacts 

As with symptom-days, estimates of the impact of an illness on the utility of 
others is not at a stage at which it can be used in a valuation exercise. One 
US study, Viscusi, Magat and Forrest (1988) came up with an altruistic value 
for each case of poisoning avoided of more than 5 times the private valuation. 
The experiment consisted of a CVM, in which individuals were asked their 
WTP for a TV campaign that would reduce poisoning resulting from poor 
handling of insecticides. However, the study had a relatively unsophisticated 
design and the results need to be confirmed in other studies. Work in the UK 
by Needleman (1980) and Jones-Lee et al. (1985) has suggested that the 
altruistic values are around 40-50% of the private total valuations. Again, 
however, these are isolated findings and need to be corroborated. In view of 
the current state of the art in this area it is not recommended that altruistic 
valuations be included in this study. 

3.4.5. Other endpoints 

There are a number of other endpoints that have been valued. These are 
included in Table 3.9 below which provides an overview of all the morbidity 
factors covered under the GARP study. All values have been converted into 
ECU 1995 prices. 

3.5. Accidents 

The final category of impacts is those related to environmentally related acci­
dents. The cost to the public is in excess of the direct costs of repair etc., and 
often includes the costs in terms of deaths, injuries etc. In this evaluation we 
did not value any such impacts, although they could be important. This was 
due to a lack of data and time to develop the appropriate methodology. In 
some of the follow-up work we hope to address this issue. 

3.6. Results of the studies 

3.6.1. Physical impacts 

Table 3.10 summarises the physical impacts of the four country analysis. The 
main points to note are: 
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Table 3.9. Summary of morbidity endpoints valued in GARP I 

Value 
Endpoint (ECU) Source 

Restrictive activity days 75 US CVM studies 
(RADs) 

Symptom days (SDs) 7.5 US CVM studies 
Chest discomfort day 7.5 US CVM studies 
Emergency room visits (ERVs) 223 US CVM studies 

for various effects 
Hospital admissions for 7870 US CVM studies 

respiratory infections (RHAs) 
Hospital admissions for chronic 7870 US CVM studies 

obstructive pulmonary disease 
(COPD) 

Hospital admissions for chronic 7870 US studies 
bronchitis 

Episodes of various respiratory 138 US studies 
illnesses in adults and children 

Asthma attacks 37 COl approach, 
adjusted w.r.t WTP 

Episodes of chronic bronchitis 138 US CVM studies 
in adults 

Notes: CVM - Contingent Valuation Method. 
WTP - Willingness-to-Pay. 
COl - Cost of Illness. 

Impacts assessed 

PMlO(acute), °3(acute) 

PMlO(acute), 03(acute) 
S02(acute) 
PMlO(acute), S02(acute) 
0 3 (acute) 
PMlO(acute), °3(acute) 

PMlO(acute), °3(acute) 

S02(acute) 

PMlO(chronic) 

PMlO(acute), °3(acute) 

PMlO 

a. Coverage has been relatively complete for Italy, Netherlands and the UK. 
In Germany, however, only S02 impacts have been estimated. This was 
due to time constraints and problems over the definition of background 
levels. 

b. The mid estimates for excess deaths attributable to S02 are 4,900 in 
Germany, 6,700 in Italy, 900 in the Netherlands and 9,300 in the UK. A 
major factor influencing the magnitude of the figures are the background 
levels adopted, and these differed among countries. It should also be noted 
that the estimates for S02 are not additive to those for PMlO . 

c. For PMlO estimated earlier deaths per annum from acute effects are: 15,000 
in Italy, 4,300 in Netherlands and 10,100 in the UK. Excess deaths from 
chronic effects are: 52,200 in Italy, 14,600 in the Netherlands and 24,500 in 
the UK. It is likely that these two estimates are not additive. The numbers 
of deaths for Italy is surprisingly high and the figures need to be reviewed. 
As the Italian report notes they account for more than 100% of all deaths 
from respiratory effects though the deaths in question are cardio-respiratory, 
not respiratory only. For the UK the PMlO figures (chronic plus acute) 
account for 12% of all cardio-respiratory deaths. In all cases, however, we 
need to look more carefully at these figures. 
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d. For ozone impacts the figures in all countries are generally small, ranging 
from a mid value of around 90 cases in Italy, 220 in the Netherlands to 
around 2000 in the UK. For Italy only data from the Lombardy region 
was considered. 

e. In the case of morbidity the impacts for PM lO seem to be broadly consistent 
across the three countries (Italy, Netherlands and UK), with the Italian 
figures being slightly higher than the other two. In all cases, however, the 
number of cases of Restrictive Activity Days (RADs) and Symptom Days 
(SDs) are improbably high (accounting for 3% of all days, for example, in 
Italy). For ozone there is a big discrepancy between Netherlands and the 
UK, with the latter showing around 37,000 excess attacks of asthma and 
32,000 Emergency Room Visits (ERVs). 

f. The range of values for the impacts can be quite large. For the UK, the 
lower bound for PM lO impacts is 20-30% of the central estimate and the 
upper bound is 80-100% higher. This reflects the different background 
conditions assumed. For the Netherlands, which also took the same set of 
background levels, the range is somewhat smaller. In Italy the PM lO range 
of background values taken is very small; hence the small range for the 
estimates of impacts. 

3.6.2. Monetary impacts 

Tables 3.11 and 3.12 summarise the monetary values of the health impacts. 
Table 3.11 is based on the value of life years lost (VLYL), whereas Table 3.12 
is based on the Value of a Statistical Life (VOSL). This parameter is clearly 
dominant in determining the total health costs of environmental pollution. 
Using the VLYL concept we have mid-range total values of ECU 3.36 bn. for 
Germany, ECU 36.44 bn. for Italy, ECU 11.31 bn. for the Netherlands and 
ECU 25.32 bn. for the UK. In per capita terms for the year 1990 the figures 
are ECU 42 (Germany), ECU 632 (Italy), ECU 759 (Netherlands) and ECU 441 
(UK). It must be emphasized that these figures are not comparable due the 
differences in impacts assessed. 

In contrast, with the VOSL concept the corresponding mid-range values 
are: ECU 17.79 bn. (Germany), ECU 220.09 bn. (Italy), ECU 65.01 bn. 
(Netherlands) and ECU 121.47 bn. (UK). The VOSL figures are clearly implau­
sibly high; they account for nearly 25% of GDP in Italy, for example. As we 
noted earlier, there may be some double counting which has to be accounted 
for. But most importantly, the use of VOSL really does look inappropriate for 
this kind of valuation. 

The other findings on monetary valuation are: 

a. Using VLYL, morbidity costs range from 29% of total costs in Italy to 
around 50% of total costs in the UK. Most significant morbidity costs 
arise from symptom days (SDs) and Restrictive Activity Days (RADs), 
both of which need to be investigated further. Other morbidity costs are 
not significant. 
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b. With VOSL, morbidity costs are around 5-6% of total health costs and 
therefore insignificant in the context of this kind of valuation. 

c. We do not report the results of changes in the number of life years lost 
but, broadly, taking the upper bound of the range, will raise health costs 
2.4 times for acute effects and 2 times for chronic effects. Taking the lower 
bound will lower costs to 7% of the reported values for acute effects and 
33% for chronic effects. 

3.7. Conclusions 

This Chapter has reviewed the literature on the valuation of environmental 
health impacts. Such health impacts are probably the most important of all to 
value and also the most difficult conceptually. The Chapter began by looking 
at the methodological issues arising in the valuation. Impacts to be valued 
were divided into mortality, morbidity and accidents. For mortality impacts 
there are several issues that need to be resolved but, at the present time, a 
value of ECU 3.1 mn. in 1995 prices appears to be the best central estimate 
for VOSL. A range of problems that need to be addressed was identified. The 
most important is the fact that pollution related deaths involve a much smaller 
loss of life years than the deaths on which VOSL is based. Hence using VOSL 
results in a substantial overvaluation of health costs. The Value of Life Years 
Lost (VLYL) was discussed and an estimate of ECU 138,000 per year was 
proposed for this study. Pollution related deaths were divided into acute and 
chronic. It was further estimated that, for acute effects the loss of life years was 
about 1.25, whereas for chronic effects it was 3. Hence the central estimate of 
VLYL are ECU 172,500 for acute mortality impacts and ECU 414,000 for 
chronic mortality impacts. 

For morbidity impacts heavy use of the US survey of this area was made, 
as the literature in Europe is very thin. Categories of impacts were divided into 
estimates of restrictive activity days (RAD) and variants of that; estimates of 
chronic illness, symptom-days, and altruistic impacts. For RAD and variants, 
US estimates were employed with conversion into ECU made using a purchas­
ing power parity exchange rate. In addition, it was also suggested that a 
European cost of illness (COl) approach be used, with the COl value being 
grossed-up for items not captured by that method (i.e., pain and suffering). 
Estimates of chronic illness can be made via two routes. One is to use the COl 
and gross-up as indicated above. Another is to use an estimate of the value of 
statistical case, as estimated in the US and convert it in the manner indicated 
above. For symptom-days only a first attempt, based on US studies, of the 
estimates exists. 

On morbidity, some initial valuation studies in Europe appear to support 
the figures taken from the US studies. There are, however, many gaps that 
need to be filled. 
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Environmental related accidents were not valued in this study, which is a 
gap that needs to be filled in future studies. 

The results reported were fairly complete for the Netherlands and UK, with 
Italy having limited coverage of ozone but Germany having coverage of only 
S02 impacts. The results underscore the importance of shifting from VOSL to 
VLYL in the valuation of mortality. With the former, the estimates of damages 
are too high to be credible. With the latter they amount to 3-4.8% of GDP 
and ECU 441-759 per capita. Ranges for the estimates are from 92-399 (lower 
bound), to 864-1138 (upper bound). 

In terms of morbidity further work is needed on chronic illness costs and 
estimates of chronic illness. At the same time the estimated cases of RAD and 
SD in all three studies (Italy, Netherlands and UK) looked very large. These 
should be checked carefully in future work. 
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CHAPTER 4 

NOISE 

4.1. Introduction 

There are several case studies regarding the impact of noise, covering primarily 
impacts from road and aircraft sources. There is also some discussion of 
industrial noise in Germany. The main European studies on noise valuation are: 

• The Roskill Commission (1970) 
• Pearce, Barde and Lambert (1984) 
• Pennington et al. (1990) 
• Oosterhuis and Van der Pligt (1985) 
• Pommerehene (1986) 
• Hoffman (1984) 
• Larsen (1985) 

4.2. Issues and methodology 

The valuation of noise costs is largely based on the use of the hedonic pricing 
(HP) method, although some studies have also used the contingent valuation 
method (CVM). With HP, property prices are assumed to reflect the character­
istics of the house as well as the neighbourhood, including factors such as 
noise. By carrying out an econometric analysis of house prices as a function 
of household characteristics (no of rooms, age size etc.), and as a function of 
neighbourhood and environmental characteristics, it is possible to estimate 
how much the price varies with the ambient level of noise. 

In order for a study to be useful to the project, it must show results in terms 
of marginal noise changes (i.e., unit db (A) or Noise and Number Index (NNI) 
changes). The results are often presented in the form of a percentage reduction 
in housing value due to an NNI unit increase for aircraft, or a db(A) unit 
increase for road traffic. This will enable some 'transferability' to the final 
accounting framework, targeted by the project. 

4.2.1. Details of noise indexes and measures 

All sound measurements are expressed in decibels. Decibels are measured on 
a logarithmic scale to the base 10 where, say, 60 db is ten times as intense as 

66 
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50 db (the psychological sensation of loudness roughly doubles with each 10 db 
increase in the intensity level). Ear sensitivity is greatest in the middle range 
of frequencies and so weighting scales are available that selectively discriminate 
against sounds of very high and very low frequency. The most commonly used 
weighting scale is the A-scale denoted by dBA {or db(A)}. 

The subjective annoyance from noise is the result of the number of vehicles, 
vehicle type, road configuration and time of day. The cumulative noise distribu­
tion resulting from these various factors can be categorized as follows: 

L90: the background or residual noise level, the level in dbA that is exceeded 
90% of the time. 

Lso: the median or average noise level, the level in dbA that is exceeded 50% 
of the time. 

LlO: the peak noise level, the level in dbA that is exceeded 10% of the time. 

The background noise level during the daytime is approximately 45-55 dbA, 
with a 5 db reduction at night. A given noise is usually more annoying at night, 
partly because of the reduction in the reference noise level L 90 • However the 
traffic noise indexes described below tend to be dominated by peak noise 
reflecting the logarithmic nature of the decibel unit. 

For two residential properties that differ only in their level of exposure to 
noise, the absolute amount of housing depreciation per decibel can be defined 
as: 

difference in total value due to noise D=--------------
difference in noise exposure 

Dividing D by the price of a basic house at a low or zero reference noise level 
gives the percentage rate of depreciation, or noise depreciation sensitivity index 
(NDSI), is defined as: 

NDSI = (D/property value) * 100 

difference in total percentage depreciation 
difference in noise exposure 

4.3. Main results of past studies 

4.3.1. Aircraft noise 

The Roskill study (1970) was concerned with the impact of aircraft noise on 
property values It showed that the percentage depreciation in values varied 
according to the initial market value of the property, with larger properties 
showing a greater depreciation. This study also showed that if a property was 
rurally located, i.e., near Gatwick airport, some 30 miles from central London, 
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it was more sensitive to noise than those properties located near to an urban 
airport, e.g., Heathrow which is about 15 miles from central London. 

Property values affected by aircraft noise were observed in various noise 
contoured regions: 35-45 NNI contour, 45-55 NNI contour and those over 
55 NNI contour (55 NNI is the highest noise contour and 30 NNI about the 
lowest for which any impact can be found). A sample of 20 real estate agents 
were asked to compare house price levels within different areas as specified on 
a large scale map of the areas in the vicinity of Heathrow and Gatwick airports. 
The Roskill Commission Research Team tested the real estate agents' data and 
carried out an analysis of actual house price transactions to find the relative 
rates of increase in prices of noisy and quiet property. The sample was chosen 
so that the properties had not undergone any substantial change from the time 
before the noise to the time after the noise shadow was imposed. 

The study by Pearce, Barde and Lambert (1984) calculated 'total' house 
price depreciation in France for different noise levels in 1980. Their study was 
based on NDSI depreciation values as estimated by Nelson (1980), on the 
basis of HP studies in the US. Thus a complete transfer of estimated deprecia­
tion due to noise from the US to Europe was considered satisfactory for this 
purpose. 

Following Nelson, the value of a property is affected by a noise level from 
55 db through to 80 db (max). The total depreciation of the housing stock in 
1980 due to traffic noise was estimated at FF 61.424 bn. (ECU 10.46 bn., 1980). 
At a 5% discount rate, this amounts to FF 0.92-1.85 bn. (ECU 
156.7 mn.-315.2 mn., 1980) a year for 30 and 20 years respectively. At the time 
the annual expenditure on traffic noise abatement was FF 0.5 bn. (ECU 
85.2 mn., 1980) per year. The authors note that this ratio between (potential) 
benefits and costs indicates very high social rates of return for noise control. 

Details of European studies are given in Table 4.1. The NDSI (the percentage 
depreciation caused by a unit increase in the noise nuisance level) figure 
obtained by Pennington et al. (1990): 0.4-0.5% (first result) is very similar to 
those figures obtained in earlier American works, and reported in surveys 
carried out by Walters (1975), and Nelson (1980). Indeed a small but statistic­
ally significant noise effect of 0.4% per unit of aircraft noise measure is the 
average value found in the American literature. 

The Pennington work is probably the strongest European study in terms of 
its large data set. Their data set is one of the largest ever used for a study of 
aircraft noise and included 3472 observations, all of which refer to actual 
market transactions. Information on housing attributes of Stockport was sup­
plied by the Halifax Building Society covering the period April 1985 to March 
1986. Noise contour maps, supplied by Manchester Airport, indicate the magni­
tude and annoyance of noise in different postcode areas. The contours of the 
map follow the Noise and Number Index (NNI), the most commonly used in 
the UK. For an area with a Noise Number Index figure of 40 or below, people 
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Table 4.1. Summary of European noise studies 

Noise source Noise level Study/year 

Road/Industrial 55-65 db(A) Oosterhuis & 
Van der Pligt 

Road 30 db (A) Pommerehene (1986) 
70db(A) 

Aircraft NNI unit increase Pommerehene (1986) 
Aircraft NNI unit increase Pennington et al. (1990) 

Aircraft 35-45 NNI Roskill(1970) 
55-65 NNI 
55+ NNI 

Aircraft 60 db(A) + Hoffman (1984) 
Road 1000 ADTI Larsen (1985) 

Notes: 
ADT = average daily number of vehicles on the nearest road. 
NNI: Noise and Number Index is defined as: 
NNI = PN db + 15 log n - 80, where: 
PN db = log average of peak noise levels of aircraft heard; 
n = number of aircraft (in the UK on a summer day). 

Method 

HP 

CVM 

CVM 
HP 

HP 

HP 
HP 

Estimated property 
depreciation 

Df1400 per 1 db(A) 

1% of rent 
1.4% of rent 
0.2% of rent 
0.4-0.5% per db(A) 
0.6% per db(A) in 
severe cases 
0-3% (Heathrow) 
4.5-16.4% (Gatwick) 
2.9-13.3% (Heathrow) 
10.3-29.0% (Gatwick) 
5.0-22.5% (Heathrow) 
1% per db (A) 
0.8% per db(A) 

For details of the survey methods used in the design of the NNI, see Mckennel (1963). 

are 'moderately' affected by noise, whereas for the 45-50 NNI area (nearer the 
airport) people are 'very annoyed' by aircraft noise. 

The'study was split into two separate parts. The first involved research into 
five affected postcode areas; two of which are only slightly affected by aircraft 
noise due to their more rural location. Those properties most affected by noise 
command prices, on average, 3.7% lower than those elsewhere. A property in 
the worst affected area, was found to suffer a reduction in value of 6.09% 
compared with identical property in Stockport. 

The second part of the work involved a very detailed analysis, where the 
number of bedrooms and living rooms entered as a series of zer%ne dummy 
variables. The authors also used Market Analysis which involved assigning to 
each property an ACORN code value (A Classification Of Residential 
Neighborhoods). This coding is based upon some forty different census data 
variables and accounts for 38 neighborhood types of which 31 are represented 
in the subset of the author's Halifax data. The final results, including the very 
detailed ACORN analysis, imply that there is a "low negative, but weak and 
non-robust, relationship between aircraft noise and property value". They warn 
that any future research attempting to measure the effects of noise on house 
prices must include neighborhood and structural factors if estimates are to 
hold any kind of accuracy. 



70 Chapter 4 

4.3.2. Road traffic noise 

The Dutch study by Oosterhuis and Van der Pligt (1985), looked at house 
price depreciation due to road traffic noise and industrial noise, measured from 
3 different levels, i.e., Dj50,000, Djl00,OOO and DjI50,OOO (because of difficulty 
of measuring exact prices). They estimated a reduction in property values of 
around Dj400 (ECU 188, 1993) per 1 db (A), which would indicate a deprecia­
tion of 0.4% per unit increase in noise for a house valued at Djl00,000 
(ECU 46948, 1993). 

Pommerehene (1986) examined the rent reductions due to excess noise in 
Basel, Switzerland. This study took account of air and road traffic noise 
affecting some 200 dwellings. A rent function was formulated, (DV = Rent), 
with 70 explanatory variables, including characteristics of the dwelling, the 
quarter and the environment. Two noise variables were considered, i.e., a road 
noise variable measure in decibels and a variable for aircraft noise measured 
in a noise and number index (NNI). The occupants of the dwellings were also 
asked for a WTP to have the present noise levels of their houses halved. The 
resemblance between the two sets of results was quite high although for aircraft 
noise, the 'observed' WTP was lower than the 'asked' WTP, which was contrary 
to expectations. For road noise depreciation was estimated at between 1 and 
1.4% of the rent per unit increase in the noise level. Finally, Larsen (1985) 
estimated depreciation from road noise in Norway at 0.8% per db(A) increase. 
On the basis of the above studies, therefore, the defensible range of estimates 
appears to be 0.4%-1.4% property price depreciation per dB(A). 

It is evident that most of the studies considered to date have a Northern 
European focus. To try and improve the estimates, Furlain & Jourdain (1995) 
conducted a survey of the post-1990 European literature, including three HP 
studies from Middle and Southern Europe. These new studies give values which 
are at the lower end of the above range. Vanio (1995) found that an increase 
in the traffic noise level of 1 dB (A) caused a 0.36% reduction in house prices 
in Helsinki, Finland. 

One problem that should be noted about hedonic price studies, is that the 
values elicited for peoples' willingness to pay possibly includes other goods 
which are produced in conjunction with road traffic noise (air pollution, acci­
dent rates and road dust/soiling). The majority of HP studies fail to single out 
the effect of noise alone. 

4.3.3. Railroad noise 

The only known study in this area is by Viignes and Strand (1996) who used 
distance from the railroad as a proxy for actual noise levels in Oslo, Norway. 
Using both the HP method and expert judgements they found a significant 
decrease in housing prices with greater proximity to the railroad line. The 
principal problem with such an approach is that noise levels do not only vary 
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proportionally with distance but also depend on the location of dwellings and 
local topography (Navrud 1997a). In addition, estimates cannot be made in 
the conventional form (i.e. % property depreciation per db(A)) which limits 
their applicability in a study such as this. Hence, this category will not be 
considered further. 

4.4. Contingent valuation studies 

There is one CVM study of noise in Germany that is relevant to our work 
(Weinberger et al., 1991). The study asked 6,500 households for their WTP for 
less noise, based on noise maps showing present and describing potential future 
levels of noise. The study found a significant WTP for noise levels above 
43 dB (A), amounting to about ECU 0.84 per month, or 0.9% per dB (A). This 
is completely consistent with the hedonic literature, which is encouraging. 

The difference, however, arose when the respondents were asked for WTP 
for an improvement to noise levels described as 'almost no noise' and 'little 
noise'. Since these levels are rather imprecisely specified, it is likely that 
responses will be biased due to 'commodity mis-specification'. A great deal of 
uncertainty is then introduced when these changes are then translated 
into dB(A} levels. The values obtained were significantly higher than those 
emerging from the HP studies, which carefully measure the benefits of reducing 
noise to some background level and apply that to the different categories of 
housing stock at different levels of noise exposure. The values generated by 
Weinburger et al. are approximately 20 times as large (see the German study 
for details). This difference warrants further analysis which has not been under­
taken so far. There are two points which can explain some of the difference. 
First, there is the problem of the 'probability of provision bias'. People believe 
the noise levels will not be delivered so therefore state a high WTP. Second, 
the estimates probably also include people's WTP for the associated reductions 
in noise levels, air pollution and soiling that the reduction in road traffic noise 
(implicitly road traffic) would result in. In this study we report results based 
on both approaches for Germany. 

Two other CVM studies have also been identified. Using the annoyance cost 
approach, Bye and Andersen (1996) found that residents in Oslo, Norway who 
were 'moderately' or 'highly' annoyed by noise elicited on average a WTP of 
ECU 425 and ECU 575 per household, per year respectively. As mentioned 
earlier, the WTP is not just for noise but other goods as well, therefore it is 
difficult to solely estimate the value changes for road traffic noise alone. 

Narvud (1997a) carried out a survey to focus solely on road noise. This 
survey asked for people's WTP to obtain a noise absorbing road layer in the 
street where they live, which would reduce the noise level to a level where their 
would not be 'annoyed' by traffic.noise inside their homes. It was stressed that 
other parameters (e.g. air pollution) would remain the same. Results from the 
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study underline the fact that different peoples perception of noise level is 
subjective. In a random sample of the Norwegian population, 3% of the 997 
respondents were 'highly' annoyed by road traffic noise indoors and 13.3% 
said they were 'somewhat' annoyed. The remaining 83.7% said they were not 
annoyed by the noise but more than % of them said they could hear the traffic 
noise indoors. The average annual WTP for the total sample was ECU 14 per 
household. Correcting for protest 'zero' answers this increases to ECU 24. 

4.5. Defensive expenditures 

For noise, the defensive expenditures are a very important category. 
Unfortunately they have not been estimated for all countries. Detailed estimates 
of expenditures on noise protection windows, and increased insulation in 
buildings is available for Germany and the Netherlands but not for Italy or 
the UK. We expect to compile such data as part of GARP II for the latter two 
countries. 

4.6. Values selected for the study 

The most important source of noise from energy development and generation 
is undoubtedly road noise. It is concluded that a linear noise sensitivity index 
(NSDI) with a range of 0.4-1.4% per dB(A) (LAeq ) and an average of around 
0.9% are the best values for use in this study. The results are fairly consistent, 
both within Europe and including Europe and the US, which suggests that the 
transfer of benefits may well be feasible for noise valuation in the fuel cycles. 
For aircraft noise the European and US studies indicate a fairly robust value 
of around 0.45% per unit of NNI. 

In this study, the actual values taken for the UK study noise depreciation 
were those given above. For the Netherlands, however, the team took the 
Dutch studies as being most relevant and applied a depreciation factor of 0.4% 
for road and rail noise per dB (A), a value it also applied for aircraft noise, 
having converted the aircraft noise index values back into dB (A). For Germany, 
the team reports the results of taking values between 0.5% and 1.26% per dB (A) 
for road and rail noise, and between 0.3% and 1.2% for aircraft noise. 

As reported above, for Germany, the results from the hedonic study were 
reported alongside those from the CVM study. 

In order to value the damages a baseline level has to be selected. For 
Germany this was taken as 45 dB (A). In the UK a range of values were taken, 
from 50 to 60 dB (A), with the best estimate based on 55 dB (A). The Netherlands 
team also took a value of 55 dB (A), but did not carry out a sensitivity analysis. 
As the results below show, lowering the threshold to 50 from 55 can increase 
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total costs 2.5 times, and raising it to 60 dB(A) can decrease it by a factor of 
4. Further work is needed, therefore, on agreed baseline values. 

4.7. Results from the studies 

The results from the studies are given in Table 4.2 (page 71). Noise damages 
were only reported for Germany, Netherlands and the UK. The main findings 
are as follows: 

1. Using the hedonic pricing method, mid estimates of depreciation per unit 
of noise from all sources considered range from 0.05% (Germany) to 
0.57% (UK), as a percentage of 1990 GDP. Differences are partly due to 
different depreciation values but may also be due to coverage of the 
property affected. This issue needs to be looked at more closely. In per 
capita terms the corresponding range of costs are ECU 9-84. 

ii. The German CVM study comes up with much larger values of noise 
damages based on the CVM method. Total damages amount to around 
ECU 13 bn., compared to only ECU 740 mn. using the hedonic a method. 
We have not been able to resolve the reasons for this difference. The CVM 
method may be better at picking up overall benefits of noise reduction 
(for example, the hedonic method cannot pick up the benefits of reduced 
noise in some public areas). In part, the underestimation in the hedonic 
pricing could also be rooted in an underestimation of the number of 
affected households (see also p.51 of the German country report). In 
Table 4.2 we report both sets of results and, for Germany, we take the 
average of the two. 

iii. Defensive expenditures are significant, ranging from ECU 55 per person 
in Germany to ECU 115 in the Netherlands. In the both countries they 
are around five or six times the estimates of hedonic expenditures (dam­
ages). Although it is correct to add them to the hedonic estimates, it may 
not be appropriate to add them to the CVM estimates 

iv. The overall results suggest that we need to (a) resolve the discrepancy 
between the hedonic approach and the CVM approach, and (b) obtain 
more comprehensive estimates of defensive expenditures for all countries. 
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CHAPTER 5 

CROPS 

5.1. Introduction 

In this impact category there are several European studies! which have estab­
lished dose-response functions for the effect of air pollutants on crops. We do 
not discuss them in detail here but refer the reader to the individual country 
studies. 

In this chapter we discuss the issues arising in the estimation of the crops 
damages. These are: 

(i) Price changes and adaptation to different pollution levels by farmers. 
(ii) Valuation of damages, choice of gross or net damages. 
(iii) Selection of prices for the valuation. 
(iv) Use of defensive expenditures. 

5.2. Price changes and other adaptations 

In valuing crop damages, the estimates will depend on how much prices are 
affected by the changes in concentrations. The earliest crop damage estimate 
studies simply multiplied the reduction in output attributable to the pollutant 
(according to the biological dose-response relationship) by the market price. 
This only gives a partial equilibrium analysis and can only be taken as a rough 
estimate. It ignores behavioral responses or price changes which would be 
included in a general equilibrium analysis. 

Indeed, in the context of higher pollution levels, producers are likely to 
switch to those crop varieties which can give a better resistance to the air 
pollutants in the region. Alternatively, the farmers may alter the use of other 
inputs such as calcium carbonate, which mitigates the pollution impact. In 
relation to price changes, a fall in the yield as a result of pollution will generally 
mean less output at a higher market price. Consumers will lose when pollution 

1 Although the studies are cited above as 'European', they use several estimates of dose-response 
relationships that have been established in the US. This is particularly true for ozone-related 
damages, which are based on a Weibull function estimated as part of the US National Crop Loss 
Assessment Network (NCLAN) project. 
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increases if the market prices are at all sensitive to output. This was shown 
clearly in the European studies referred to above. In addition to these studies, 
US studies have also shown the importance of the price effects, where the 
percentage of the total loss attributable to consumers ranged from 50% (Adams, 
Hamilton and McCarl, 1986) to 100% (Adams and McCarl, 1985). Given that 
producers can sometimes gain from an increase in air pollution, not including 
the consumer impacts can overestimate total losses and misrepresent the distri­
bution of welfare effects. Producers, on the other hand, will lose or gain 
depending on the price elasticities of their particular crops. As an approxima­
tion, if the percentage reduction in quantity is greater (less) than the percentage 
increase in price then the producer will lose (gain). Shortle, Dunn and Philips 
(1986) and Adams and McCarl (1985) found that substantial increases in ozone 
increased the economic rents of com belt growers. An American study by 
Adams, Crocker and Thanavibulchai (1982) found that using the simple multi­
plication approach gave valuation estimates 20% higher than if price and 
behavioral changes were taken into account. The authors used mathematical 
programming (consistent within the framework of standard microeconomic 
theory concerning firm and market behavior), which is able to account more 
completely for the adaptations economic agents make to mitigate or exploit 
the opportunities of environmental damage. 

As far as the present study is concerned the question of importance therefore 
is to what extent the prices will change as a result of the changes in concen­
trations of pollution? To answer this question, it would be necessary to construct 
a model of demand and supply for the different products and, based on 
elasticities, calculate the resulting damages from the present levels of air pollu­
tion. It was not possible undertake such a model development within the time 
available. Hence the results reported are for damages assuming that prices are 
unaffected by the pollution levels. This probably results in an overestimate of 
damages but, given the small amount of damages anyway, it did not seem 
important to give priority to this refinement at this stage. In subsequent work 
we will refine the analysis, time permitting. 

5.3. Selection of gross or net values 

The next issue is whether one should take the change in value, net of costs of 
production, or the gross value. Ideally what one wants to measure is the change 
in the value of the rents derived from the production. In the case where there 
is a change in an exogenous factor such as the deposition of pollutants, it can 
be shown that the change in the net income after deducting the costs of inputs 
is given by the gross value of the change in production. This conclusion is 
dependent on the assumptions that (a) the producers are price takers, (b) there 
is no change in the prices of the inputs or outputs and, related to that, (c) the 
changes in the quantities are marginal. The formal demonstration of this result 
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is given in Annex 1 to this chapter. In the case of overall pollution damages, 
the assumption of changes being marginal may not always hold, although in 
most cases we are looking at changes in yields of only 1-3%. 

5.4. Selection of prices 

For many of the crops that are affected, the prices are not determined by 
market forces but are influenced by the Common Agricultural Policy. In such 
cases, it has been argued by many economists that the changes in the value of 
the output should be valued at international or border prices and not the 
actual prices that are prevailing in the market in question (see, for example, 
Squire and van der Tak, 1975). The view taken here is that it is appropriate 
to use border prices as long as the reason for the divergence between the 
domestic and international price is not the correction of some externality. For 
major crops produced in the EU there is no direct externality involved and it 
is therefore appropriate to use the international price in valuing the changes. 
The teams worked on the basis of international prices, but these appear to 
vary not insignificantly from country to country. For example the price of 
'wheat' was taken as (ECU/ton): 107 (Italy), 150 (Netherlands), 96 (UK and 
Germany). Differences are partly due to different categories of wheat, and to 
differences in c.iJ. costs. Nevertheless, this issue needs further investigation. 

5.5. Use of defensive expenditures 

The analysis for the UK looked at 'defensive' expenditures for crops in two 
areas: the benefits of nitrogen oxide depositions, the damages from soil acidifi­
cation. For the former, it concluded that there were benefits in the fertilization 
and these were valued in terms of the cost of fertilizer, taking the view that the 
application of nitrogen in fertilizer was reduced by that amount. At the margin 
this is not too bad an assumption to make. The benefits appear to be of the 
order of ECU 28 mn. for the UK. 

For acidification the estimates were based on the additional calcium carbon­
ate required to neutralize the deposition of H +. This will result in an overesti­
mate of damages in so far as full neutralization is not required, or lower cost 
adjustments are possible. Given the small cost involved, however, the use of 
neutralization costs is acceptable. 

5.6. Main results 

The results obtained reflect different coverage in terms of crops. In part this 
reflects the differences in what is important, but in part they reflect incomplete 
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coverage. To the maximum extent possible, we will try and address this in 
GARP II. The main gaps in coverage are for ozone damages. In both Italy and 
Germany it was not possible to estimate damages, due to lack of concentrations 
data. From the data for other countries, damages in the range of ECU 1-14 
per person were estimated. 

The main results are summarised in Table 5.1. The following points should 
be noted: 

i. Overall damages are small, even when coverage is fairly complete, as in 
the case of the UK. For that country they amount to 0.005% of GDP, 
or under 1 ECU per person. The estimates are much higher for the 
Netherlands (0.089% of GDP, or ECU 14 per person). The limited 
coverage in Italy and Germany results in lower total damage figures, 
but the S02 figures are high. The UK figures are, it should be noted, 
particularly low. 

11. There was wide agreement on the selection of dose response functions, 
although it was not complete. In assessing S02 impacts, all teams 
adopted the same dose response functions for wheat, barley and oats, 
peas and beans. For potatoes the UK and Italian dose response 
functions differed, and the Italian team looked at damages to tomatoes 
and apples, which were not considered by any other team. For ozone 
impacts the UK team relied on the NCLAN functions, whereas the 
Dutch team used those as well as other estimates from Swiss and Dutch 
studies. For ozone damages for the Netherlands, the team also relied on 
another study (RIVM, 1989) to fill the gaps on estimates it could not 
make. 

iii. Compared to other studies, these figures are somewhat low but not 
completely out ofline. For example, the study by van der Eerden (1988) 
for the Netherlands valued the effects of air pollution i.e., ozone (03 ), 

sulphur dioxide (S02), and hydrogen fluoride (HF) - upon crop yields 
(14 species), and was based on 1983 data. All air quality parameters 
were considered to occur in sufficiently high concentrations to cause 
adverse effects upon crop plants. The dose-response functions were 
chosen so as to assess the nationwide damage most accurately; each 
crop species was identified as either tolerant, moderately sensitive or 
sensitive. The study found that if air pollution were reduced to baseline 
levels, producer surplus would only decrease by ECU 38 mn. implying 
that volume declines were offset by price changes. Consumers, however, 
could receive a net loss of as much ECU 365 mn. at the nationwide 
level, due to a 5% drop in yield of sensitive crops (all figures converted 
to ECU 1995 prices). Of the 5% drop in crop yield, ozone accounted for 
3.4% of the loss, S02 for 1.2% and hydrogen fluoride for 0.4%. Thus, 
total damages would be ECU 403 mn., compared to ECU 212 mn. 
estimated in these calculations. This reflects partly the selection of more 
up to date dose response functions. 
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iv. Similarly, one can compare the German figures obtained this study with 
other estimates. Heinz (1980) in his estimate of agricultural damage in 
Germany due to air pollution assumed that the yield of most sensitive 
plants fell by 10% and less sensitive plants by only 5%. Highly resilient 
species were assumed to be unaffected. He estimates total agricultural 
damages to be DM 125 mn. (ECU 47.2 mn., 1977 prices). This is 
broadly comparable to the figures reported here, although we should 
note that our coverage is much less complete, suggesting that our total 
damages would be higher. Wicke, 1986 argues that Heinz has made a 
serious underestimation and puts agricultural damages at a lowest limit 
of DM 1 bn. (ECU 377.4 mn., 1977), which is justified by the fact that, 
contrary to Heinz's assumptions, vegetative damages are not restricted 
to polluted areas. Long range transport of pollutants is also damaging 
regions which are not directly influenced by industrial activity. Based on 
the Dutch estimates, it is possible that, including ozone damages, the 
German estimate could be as high as ECU 700 mn. 

In conclusion therefore, we can say that, although crop damages have been 
only partially covered, the full estimates are not going to dominate the overall 
calculations of environmental damages. Improvements to be made include 
more consistent use of dose response functions, wider coverage of crops, and 
allowance for changes in prices resulting from the present pollution levels. 
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ANNEX TO CHAPTER 5 

Valuing marginal damages derived from a dose-response function 

If (a) a producer is a profit maximizer and price taker, (b) pollution changes 
result in marginal changes in outputs and inputs, and (c) prices are not affected 
by the changes in inputs and outputs, then the appropriate measure of the 
value of the change in damage following the change in pollution level is the 
change in value of gross output. 

Suppose the production function for a single output y is given by 

y=F(X,Z) 

Prices of inputs are given by the price vector P, and the price of output is 
given by s. The pollution level influences the output directly but not the inputs 
(labor, fertilizer etc.). 

The profit function for the producer is given by 

II = (/>(s, P, Z) 

We are interested in the change in profit that results from the change in Z, i.e., 
in 

i3II/i3Z 

By the definition of the profit function 

II = max[s· y - p. X] = max[s· F(X, Z) - p. X] 

which gives 

i3II/i3Z = s· (i3F/i3Z) - p. (i3X/i3Z) = s· (i3F/i3Z) 

The last equation follows from the envelope theorem. 
The last expression is of course the gross value of the change in yield. It 

should be noted that an implicit assumption is that inputs are not directly 
affected by the pollution. 



CHAPTER 6 

FORESTS 

6.1. Introduction 

Depositions of sulphur dioxide and nitrous oxides have become a major threat 
to the health and survival of forests. The valuation of this damage is, unfortu­
nately, handicapped by uncertainties over the relative contribution of air pollu­
tion compared to other factors. There are many European studies of interest 
in this damage category which include the estimation of commercial timber 
loss due to air pollution and also the loss in the recreational value of forestry. 
The major studies include: 

• Nilsson et al. (1992) 
• Kuylenstierna and Chadwick (1994) 
• NME (1988) 
• Ewers et al. (1986) 
• Linden and Oosterhuis (1988) 
• Navrud (1990) 
• The Austrian Ministry for the Environment (no date) 
• Hoen and Winter (1991) 
• Kristrom (1988) 
• Grayson et al. (1975) 
• Everett (1979) 
• Willis and Benson (1989) 

6.2. Review of existing studies and issues arising 

There are several data limitations in this impact category, similar to those for 
crops. Despite the large number of European studies, virtually none of them 
contain details regarding S02 deposits in a localized scenario. There are many 
difficulties in actually translating the physical impacts into monetary damages. 
A forest has many functions including those of providing timber, other non­
timber products, ensuring a habitat for animal and plant species and acting as 
a natural buffer against environmental shocks (e.g., global warming). It is thus 
not unreasonable to suggest that a significant portion of the total value of a 
forest is from non-market values. 
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Quantification of forest damage is further complicated by issues of transfer­
ability. It is unlikely that estimated valuations will be applicable or transferable 
to other locations since the blame and causation of forest damage tends to be 
very 'site specific'. All physical impacts and valuations will vary according to 
location. The categories of damages are commercial timber, recreation and 
non-use functions. In this section attention is concentrated on the first two, 
with non-use functions looked at in the next Chapter. 

Commercial timber is valued by combining information on pollution­
induced physical changes in the resource with details of market prices. The 
chief pollutants which concern forests are those carried in the air: S02, NOx 

and ozone. 
In the case of recreational damage, transferability to other regions or coun­

tries is much more limited than for many other categories of damages. The 
marginal value of forests as a recreational asset may be very different according 
to local demand and supply conditions. For example, a positive willingness to 
pay has been estimated in Sweden for the preservation of open agricultural 
land (open space) in what is a densely forested area; the marginal value of 
forests was therefore negative. Such a result would be very unlikely in say, the 
Netherlands, where forests are more scarce and their recreational values have 
been shown to be largely positive. 

Almost all recreational damage valuations rely on the contingent valuation 
method, in which the marginal impact of pollution on recreation values is very 
rarely assessed. The valuations obtained are thus average values. Furthermore, 
there are good reasons to think that the answers given to such questions 
express a wider concern for the effects of air pollution, not just forest damage 
(i.e. they 'embed' other values). This makes it incorrect to attribute the damages 
of the air pollution to forests alone, and adding the 'forest' damages to other 
damages involves double counting. 

6.3. Main results of other studies 

Unfortunately, almost all the studies lack data on the baseline levels of pollu­
tants and the land area of forest surveyed. Consequently, for the vast majority 
of studies no attempt can be made to establish an external marginal valuation 
for forestry based on per tonne of pollutant. NME (1988) calculated losses 
over 25-30 years from present production levels in Norway on the assumption 
that current ozone and acid depositions continue. Average timber losses were 
NOK 1 bn. (1988) or ECU 140,000 per year starting 25-30 years from now. 
This study also used expert judgements on the rate of loss of tree growth, a 
practice that is quite common in this area of damage. 

Another Norwegian study is that by Hoen and Winter (1991) who estab­
lished a total value (both use and non-use) of multiple-use forestry and preserva­
tion of virgin coniferous forests in Norway. They found a mean annual WTP 
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per household (in different sub-samples totaling 1204 persons) of ECU 16-46 
(for multiple-use forestry) and a median of ECU 6-12. For the preservation of 
virgin forests a mean value of ECU 26-36 was established with a median of 
ECU 12-15. Most of the estimated value was due to the recreational value of 
the forest. Results show that the WTP for multiple-use forestry is (significantly) 
dependent on the experimental design in different sub-samples. This is not the 
case for the preservation values and so the authors note that this may be 
because 'multiple-use forestry' is too unfamiliar and vague a concept to 
respondents. 

Linden and Oosterhuis (1988) looked at the continued damage by acid rain 
to 2010 in the Netherlands. If no appropriate abatement policy is adopted they 
assumed that this will lead to 80% of forest becoming damaged and 90% of 
heath becoming grassy vegetation. On the basis of these assumptions, they 
estimated timber losses at DFL 13.1 mn. per year (ECU 5.62 mn., 1988). This 
is the expected loss if no measures against acid deposition-emission are taken. 
On the recreational side they estimated that there is a WTP per household per 
month of DFL 22.83 (ECU 10.2, 1990) to maintain current conditions and not 
allow the damages referred to above to take place. Extrapolated to the Dutch 
population this amounts to DFL 4.28 bn. (ECU 1.84 bn., 1990) per year (which 
is a large but plausible damage figure given other studies). Significant variables 
included income (level and changes), the perception of the acid rain problem, 
number of visits, age, education and social class. 

Ewers et al. (1986) focused on the recreational value of a forest and examined 
the rate of forest loss in West Germany over the period 1984-2060 (using 
different air pollution reduction scenarios over time). The study established a 
WTP per visiting hour per person of DM 4.87 (ECU 2.55, 1993) instead of 
assessing a standard 'visitor' day. This could well lead to an overestimation of 
damages since recreational experience is believed not to increase at a constant 
rate with the number of hours spent. In addition, this cannot be associated 
with a measured pollutant deposition. 

The figures are, however, valuable in estimating recreational loss of value 
due to forest damages. In overall terms he estimated damages resulting from 
recreation losses to be between ECU 1.15 bn. and ECU 3.15 bn., if damage is 
restricted by the achievement of the clean air targets as set out in 1986. Since 
these targets have been broadly met, damages can be said to be in the above 
range. The German team made use of these figures in estimating recreational 
losses from forestry. 

Navrud (1990) looked at the recreational value of mountainous forest. 
Respondents were confronted with the proposal that the forest could be subject 
to 3 different management practices: clear cutting, selection forestry and no 
cutting (preservation). However, this does not relate to reduced recreational 
facilities resulting from air pollution. 

The Austrian Ministry for the Environment made a national evaluation of 
forest decline attributable to air pollution. They established a total estimated 
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forest loss at AS 4.5 bn. per year (ECU 0.22 bn., 1983). 85% of the forestry 
losses came from items other than commercial timber. 

A Swedish study by Kristrom (1988) studied the benefits of preserving 
selected regions of virgin forests, i.e., preventing commercial forestry. This 
established a WTP (open) of SEK 1014 (ECU 155.0, 1990) and a WTP (closed) 
of SEK 1005-2741 (ECU 153.6-419.0, 1990). Thus for 3 million Swedish 
households this gave a total WTP of SEK 3 bn.-8.2 bn. (ECU 458 mn.-1.25 bn., 
1990). The WTP question was posed in a 'closed' format and an 'open' format. 
The closed format involves a model that describes the probability that the 
suggested bid is lower or higher than the person's actual WTP given in the 
conventional open format. 

There are three major UK studies which estimated the recreational value of 
national forests. They show a consumer surplus per hectare ranging from around 
ECU 52/ha. to ECU 154/ha. (Willis and Benson, 1989). As none of these figures 
can be related to losses of recreation value resulting from increases in forest 
damage from air pollution, they are of no use in the context of this study. 

One study which has been applied at the Europe-wide level is that by Nilsson 
et al. (1992). It was carried out at the International Institute For Applied Systems 
Analysis (IIASA). Further details of the models used in the analysis are given in 
the coal report. One of the critical sources of data was the IIASA database which 
gave a forest inventory for Europe. This was combined with the RAINS model, 
which provided data on emissions of acid rain in each country, including the 
source of the pollution (see below). Thus Nilsson was able to estimate the acid 
deposition, and to identify which forest areas and which species were affected. He 
combined this information with dose-response functions from an East German 
model, PEMU, to estimate the reduced yields in forest growth. 

The estimates produced by Nilsson were reviewed by the ExternE team, as 
well as by the present team, and found to have some serious problems. Given its 
importance in the framework of the European studies, however, the results of 
applying it to the four countries have been reported in Table 6.1 below. 

Finally, this study has looked at the model developed by Kuylenstierna and 
Chadwick (1994). The details are reported in the UK country study, but essentially 
it is based on a damage assessment of forests resulting from the increased alumin­
ium concentrations that are caused by the acidification and that affect the ability 
of trees to take up nutrients and water. Its advantages are transparency and 
clarity, even though it has a number of gaps, a point recognized by the authors. 
The results of this study are also reported in this chapter. 

6.4. Defensive expenditures 

There are a number of defensive expenditures associated with forest damage. 
These have been investigated for Germany but unfortunately not for the other 
countries in this study. The German study (Kroth et al., 1989) include damage 



Ta
bl

e 
6.

1.
 

E
co

no
m

ic
 v

al
ua

ti
on

 o
f 

fo
re

st
 i

m
pa

ct
s 

in
 s

el
ec

te
d 

co
un

tr
ie

s 
fo

r 
19

90
 

E
C

U
 m

ill
io

n 
un

le
ss

 o
th

er
w

is
e 

st
at

ed
 (

19
95

 p
ri

ce
s)

 

G
E

R
M

A
N

Y
 

IT
A

L
Y

 
N

E
T

H
E

R
L

A
N

D
S

 

M
id

 v
al

ue
 

R
an

ge
 

M
id

 v
al

ue
 

R
an

ge
 

M
id

 v
al

ue
 

R
an

ge
 

V
al

ua
tio

n 
o

j T
im

be
r 

Lo
ss

 (
J)

 
B

as
ed

 o
n 

II
A

SA
 F

or
es

t 
S

tu
dy

 (
2)

 
72

5.
0 

72
5.

0 
72

5.
0 

19
9.

4 
19

9.
4 

19
9.

4 
B

as
ed

 o
n 

K
C

M
 (

3)
 

59
.2

 
26

.6
 

93
.0

 
2.

8 
1.

2 
4.

3 

A
S 

%
 O

F
 1

99
0 

G
N

P
 

0.
00

4 
0.

00
2 

0.
00

6 
0.

00
0 

0.
00

0 
0.

00
0 

P
E

R
 I

N
H

A
B

IT
A

N
T

 (
E

C
U

) 
0.

74
 

0.
33

 
1.

17
 

0.
05

 
0.

02
 

0.
08

 

V
al

ua
tio

n 
o

j R
ec

re
at

io
na

l 
Lo

ss
 (

4
) 

N
.A

. 
N

.A
. 

N
.A

. 
A

ss
um

in
g 

cl
ea

n 
ai

r 
ta

rg
et

s 
ar

e 
m

et
 (

D
E

) 
25

97
.8

 
13

89
.5

 
38

06
.1

 
N

.A
. 

N
.A

. 
N

.A
. 

W
T

P
 t

o 
av

oi
d 

fu
rt

he
r 

da
m

ag
e 

(N
L

) 
N

.A
. 

N
.A

. 
N

.A
. 

T
O

T
A

L
 

25
97

.8
 

13
89

.5
 

38
06

.1
 

N
.A

. 
N

.A
. 

N
.A

. 
A

S 
%

 O
F

 1
99

0 
G

N
P

 
0.

15
9 

0.
15

6 
1.

60
5 

N
.A

. 
N

.A
. 

N
.A

. 
P

E
R

 I
N

H
A

B
IT

A
N

T
 (

E
C

U
) 

32
.7

 
17

.5
 

47
.9

 
N

.A
. 

N
.A

. 
N

.A
. 

D
eJ

en
si

ve
 E

xp
en

di
tu

re
s 

T
O

T
A

L
 

93
.1

 
49

.8
 

13
6.

4 
N

.A
. 

N
.A

. 
N

.A
. 

A
S 

%
 O

F
 1

99
0 

G
N

P
 

0.
00

6 
0.

00
3 

0.
00

8 
N

.A
. 

N
.A

. 
N

.A
. 

P
E

R
 I

N
H

A
B

IT
A

N
T

 (
E

C
U

) 
1.

2 
0.

6 
1.

7 
N

.A
. 

N
.A

. 
N

.A
. 

S
U

B
 T

O
T

A
L

 
27

50
.1

 
14

65
.9

 
40

35
.5

 
2.

8 
1.

2 
4.

3 
A

S 
%

 O
F

 1
99

0 
G

N
P

 
0.

17
 

0.
09

 
0.

25
 

0.
00

 
0.

00
 

0.
00

 
P

E
R

 I
N

H
A

B
IT

A
N

T
 (

E
C

U
) 

34
.6

 
18

.4
 

50
.8

 
0.

0 
0.

0 
0.

1 

N
ot

es
: 

(1
) 

Fi
gu

re
s 

fo
r 

m
id

 v
al

ue
s 

ar
e 

no
t 

av
er

ag
es

 b
ut

 'm
id

 v
al

ue
s'

 a
s 

gi
ve

n 
in

 t
he

 c
ou

nt
ry

 s
tu

di
es

. 
(2

) 
N

il
ss

on
 e

t 
aI

., 
19

92
. 

(3
) 

K
uy

le
ns

ti
er

na
 a

nd
 C

ha
dw

ic
k 

M
od

el
 (

19
94

);
 e

st
im

at
es

 u
se

d 
in

 t
hi

s 
st

ud
y.

 
(4

) 
C

V
M

 b
as

ed
 v

al
ue

s,
 a

ss
um

in
g 

th
at

 c
le

an
 a

ir
 t

ar
ge

ts
 a

re
 r

ea
lis

ed
. 

G
er

m
an

 f
ig

ur
es

 a
re

 f
ro

m
 E

w
er

s 
et

 a
l. 

(1
98

6)
. 

D
ut

ch
 f

ig
ur

es
 a

re
 f

ro
m

 L
in

de
n 

an
d 

O
os

te
rh

ui
s 

(1
98

8)
. 

12
.1

 
12

.1
 

12
.1

 
0.

0 
0.

0 
0.

1 

0.
00

0 
0.

00
0 

0.
00

0 
0.

00
 

0.
00

 
0.

00
 

22
27

.3
 

22
27

.3
 

22
27

.3
 

22
27

.3
 

22
27

.3
 

22
27

.3
 

0.
93

9 
0.

93
9 

0.
93

9 
14

9.
5 

14
9.

5 
14

9.
5 

N
.A

. 
N

.A
. 

N
.A

. 
N

.A
. 

N
.A

. 
N

.A
. 

N
.A

. 
N

.A
. 

N
.A

. 

22
27

.3
 

22
27

.3
 

22
27

.4
 

0.
94

 
0.

94
 

0.
94

 
14

9.
5 

14
9.

5 
14

9.
5 

U
N

IT
E

D
 K

IN
G

D
O

M
 

M
id

 v
al

ue
 

R
an

ge
 

21
7.

5 
21

7.
5 

21
7.

5 
1.

8 
0.

8 
2.

9 

0.
00

0 
0.

00
0 

0.
00

0 
0.

03
 

om
 

0.
05

 

N
.A

. 
N

.A
. 

N
.A

. 
N

.A
. 

N
.A

. 
N

.A
. 

N
.A

. 
N

.A
. 

N
.A

. 

N
.A

. 
N

.A
. 

N
.A

. 
V:

J 
N

.A
. 

N
.A

. 
N

.A
. 

~
 

:::
! .... ;:;
-

(I
l 

N
.A

. 
N

.A
. 

N
.A

. 
'" (;;. 

N
.A

. 
N

.A
. 

N
.A

. 
~
 

N
.A

. 
N

.A
. 

N
.A

. 
(I

l 

1.
8 

0.
8 

2.
9 

"=
:l 0 

0.
00

 
0.

00
 

0.
00

 
.., :;-

0.
0 

0.
0 

0.
1 

~
 .., (I

l '" .... §.
 

"=
:l I=
l n .... '" 0
0

 
-.

J
 



88 Chapter 6 

protection through liming, reforestation of forest stands, cultivation of 
underwood, and other measures. The range of total costs for Germany is 
ECU 50 mn. to ECU 136 mn. These costs have to be added to the damage 
costs discussed above and further work is needed for Italy, Netherlands and 
UK to obtain these estimates. 

6.5. Main results 

The main results of the study on forestry can be seen in Table 6.1. There are 
several gaps, the most prominent being the lack of data on recreation losses 
for Italy and the UK. The figures for Germany and the Netherlands in this 
regard must be regarded as preliminary, as the CVM results need to be validated 
by more careful studies. Nevertheless the figures are of some interest. They 
suggest that: 

(i) There is a big difference in the valuation of timber losses between the 
KCM and the Nilsson studies (about two orders of magnitude for Italy, 
Netherlands and the UK). It is large, but less so for Germany. The issue 
of which values to take has yet to be resolved but in our opinion, the 
KCM model is closer to the truth than the IIASA model. 

(ii) Per capita damages from recreational-amenity losses have been estimated 
at ECU 33 for Germany and ECU 150 for the Netherlands, which is quite 
a wide range. More careful work is needed before we can understand why 
the range is so large. The Dutch figure was not included in the team 
report, but has been included here, to provide some idea of the range of 
values being obtained in related studies. 

(iii) Defensive expenditures are available for Germany and amount to ECU 1.2 
per person or ECU lO/ha of forest land. Similar estimates are needed for 
the other countries. 

(iv) Total damages are dominated by losses of recreational value, and amount 
to about ECU 2.75 bn. for Germany (0.17% of 1990 GNP) or ECU 35 
per capita. If the Dutch recreational costs are of the right order, costs 
there could be as high as ECU 150 per capita. 
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CHAPTER 7 

ECOSYSTEMS 

7.1. Introduction 

This chapter covers the impacts of economic activity on natural terrestrial 
ecosystems, and on water related environments. Natural terrestrial ecosystems 
are affected by gaseous pollutants SOz, NOx, NH3 and 03. The changes in 
vegetation can have consequent effects on the associated vertebrate and inverte­
brate faunas and on soils. Indirect effects result from the deposited load of the 
pollutants Sand N and their compounds. Acidic deposition resulting from the 
burning of fossil fuels can impact indirectly on various water bodies. Water 
chemistry, which is affected by direct deposition to the surface of the body, is 
one factor which influences the status of fish stocks. The relationship between 
deposition and water chemistry, and between water chemistry and fish survival 
have been explored by the UK teams in this study. 

The assessment of the impacts in these areas have all been in physical terms. 
The main problem has been the establishment of reliable and generalizable 
dose-response functions linking gaseous pollutants to the 'endpoints' that we 
would wish to value, such as plants, fauna etc. The approach adopted has been 
to establish critical values for specific pollutants (see below). These critical 
levels tend to be applied to broad natural vegetation groups rather than to 
individual species or plant communities. They are being refined and revised as 
knowledge increases. The impact of current, ambient levels of the various 
pollutants can be assessed by overlaying spatially disaggregated data of pollu­
tant concentrations on spatially disaggregated information regarding the occur­
rence of relevant receptors to determine the proportion of the area of the stock 
at risk for which the critical level is exceeded. Damage is assumed to occur in 
areas where the critical load for a given receptor is exceeded. This methodology 
does not, however, provide any quantification of the magnitude of the impact 
on, for example, growth or flowering. It should also be noted that there is little 
or no data currently available for valuation of air pollution impacts on eco­
systems (European Commission, 1995). 

For fisheries, linkages have been established between stream classes and fish 
stocks, now and in pre-industrial times. This allows one to estimate the loss of 
fish stocks but the valuation of this loss has not been undertaken as yet. The 
reasons for this are discussed in greater detail below. 

90 
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This chapter begins by discussing the critical loads data and its usefulness 
in the context of an environmental accounting exercise such as this. It then 
goes on to review the evidence on valuation of natural and terrestrial ecosystems 
and water ecosystems. Finally it concludes with a discussion of the future 
directions for impact valuation in this area. 

7.2. Critical loads assessment 

The UK study established pollutant data on one and five km. grids for S02, 
NOx, NH3 (mean annual concentration) and for 20 km grids for 0 3 (total ppb 
hours above 40 ppb). The stock at risk was defined using the ITE Land Cover 
map, based on satellite imagery and included the area of semi-natural vegeta­
tion, defined as semi-natural grassland, herbaceous semi-natural vegetation and 
deciduous forest. Critical levels for S02, NOx, NH3 were taken from the 
UN-ECE Manual on 'Methodologies and Criteria for Mapping Critical 
Levels/Loads and Geographical Areas Where They are Exceeded' (Federal 
Environment Agency, 1993) For ozone they were taken from Fuhrer and 
Ackerman (1994). Combining the two sources of information allowed the team 
to establish maps giving the areas where critical loads for different pollutants 
were exceeded, and how much of the land in each area consists of semi-natural 
vegetation. For further details see the UK report. 

Having established areas where critical loads are exceeded the problem is 
one of establishing the impact of the exceedence on the eco-systems, and thereby 
establishing monetary values for these impacts. So far this has not proved 
possible. Progress on valuation can be made in three ways. One is to establish 
the impacts in physical terms and then go on to the valuation stage; the second 
is to value the excedance directly, in terms of individual WTP; and the third 
is to estimate the costs of remediation. All these options are considered further 
in Sections 7.3.-7.5. 

In the Italian study, there is an assessment of pollutant concentrations in 
key areas, and of the prevailing vegetation. No attempt has been made to 
establish areas where critical loads are exceeded. Preliminary data on forest 
areas is being collected and forest decay is documented but there is no assess­
ment of what the pollutant loadings in the different areas are. The Italian study 
also provides lists of endangered fauna and flora. 

The Netherlands study does not cover ecosystems damages. 
The German study also supports the critical loads approach but provides 

no details of areas where ecosystems are suffering from critical load excedance. 
Like the Italian study it provides lists of fauna and flora which are endangered 
(with 4 categories of endangerment). 
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7.3. Valuation of impacts on ecosystems: use of dose response functions 
combined with CVM methods 

As noted above the valuation of ecosystem impacts can proceed either by 
establishing a dose-response function linking the pollutant to a physical end­
point, and then valuing the damage to the endpoint; or by valuing an acknowl­
edged damage to some endpoint using the CVM method, and then attributing 
part of that damage to the pollutants of interest; or by estimating the costs of 
remediation. We begin by considering valuation of damages to natural and 
semi-natural eco-systems based on the first approach, and then go on to 
consider the application of, and the potential for, the other two approaches. 

The main areas where dose response functions have been used are: valuation 
of commercial fisheries, and valuation of recreational fisheries. Each of these 
is discussed further below. 

7.3.1. Commercial fisheries 

The following studies here have a limited use for estimating marginal damages 
for commercial fisheries: 

• Ewers and Schulz (1982) 
• Rasmussen et al. (1991) 

Ewers and Schulz (1982), in a study on the Lake Tegeler, West Germany 
(see also non-ecological use of surface water) measured the level of commercial 
catch as affected by reduced phosphorus emissions. The pollution levels used 
in the study made no reference to actual physical measures of phosphorus. 
The authors only mentioned an annual producer surplus increase of 
DM 12,400-DM 44,000 which they said was gained if pollution improved from 
level 4 up to level 1 (cleanest). Thus, the link between the phosphorous levels 
and the water quality indicators needs to be established. However, such a link 
is not difficult to make. 

The study by Rasmussen et al. (1991), includes the effects on deep sea 
fishing, coastal fishing in the North and Baltic Seas, river fishing, lake fishing 
and aquaculture (ponds) in West Germany over the period 1950-1982. They 
estimated an annual loss of DFL 130 mn. (ECU 56 mn., 1987). Total social 
costs were estimated. This involved taking into account the fact that marginal 
costs decrease with increased harvests and so there is an additional penalty 
imposed because of the smaller catch. The estimated damages came to 
DFL 245 mn. (ECU 105 mn., 1987). Thus, this figure is found by taking the 
total lost income, adding the additional cost mentioned above and subtracting 
the reduction in total expenditures. Again the study gives no indication of 
pollution levels and, in this case does not even identify levels of improvement 
in water quality. Hence its transferability to this project is even more limited. 
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Table 7.1. Maximum annual WTP of Norwegian households for an improvement in the freshwater 
fish populations [WTP-fish] from reduced European sulphur emissions (1986 NOK) 

Subsample WTP-FishfHH/year 
number Response rate 
(emission No. fish/public Std 
reductions) observations goods First bid Mean Med dev 

1 288 98/97 200 278 200 338 
2 270 97/95 500 455 200 826 
3 238 99/96 1000 603 300 772 
4 239 97/99 0-10000 335 100 514 

(p.c) 

5 206 99/96 200 366 200 660 
6 206 98/98 500 578 200 1036 
7 204 97/97 1000 597 200 796 
8 192 98/98 0-10000 291 100 492 

(p.c) 

9 189 98/97 0-10000 387 200 648 

Sub-samples 1-4 were asked for a WTP to reduce sulphur by 30%. 
Sub-samples 5-8 were asked for a WTP to reduce sulphur by 50%. 
Sub-sample no. 9 was asked for a WTP to reduce sulphur by 70%. 

(p.c) = payment card, where 3 of the sub-samples were shown amounts ranging from 0 to 
NOK 10,100 and asked to pick the value that reflected their WTP. 

Furthermore, the historical nature of data raises difficulties in separating effects 
of pollution from effects of fishing techniques and policies. 

Both these studies represent one form of valuation which needs to be pursued 
if monetary damage estimation in the framework of environmental accounting 
is to advance. To date, all water related damages have not been covered due 
to a lack of time. 

7.3.2. Non-commercialfisheries 

One study that makes use of dose response functions in relation to non­
commercial fisheries is that by Navrud (1989) in Norway. He examined the 
water quality affecting fish (Brown Trout stock) populations from 1980. 
Respondents were asked to reveal their WTP for various intensities of lime 
application to achieve 30%, 50% and 70% reductions of sulphur effects at all 
sites. Respondents were also questioned regarding quality of all public goods 
affected by acid rain. This was used to control against 'constant budget bias', 
but the results are themselves useful in indicating the WTP for an improvement 
in water quality that has been damaged by acid rain. 

The results are summarised in Table 7.1. This study could be of potential 
value in this study as it contains marginal valuations of sulphur emissions, 
both in terms of NOK/fish/year as well as NOK/HH/year. It also provided 
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careful estimates of changes in fish stocks, based on dose-response functions, 
something which other studies do not always do. One problem with this study 
is that, in spite of this careful estimation of impacts, he finds, as with the 
Travers Morgan study (see below), very little increase in WTP for increased 
sulphur reductions. Given the large expected physical impacts of such reduc­
tions, it suggests that there is still a problem in eliciting marginal valuations. 

Such a valuation method can be applied to the countries in this study but 
it does need considerable data collection. First we would need to know the 
pollution doses in different water bodies. Second, in the case of non-commercial 
fisheries, we would have to estimate the WTP for reductions in the pollutant. 
The method does require the respondent to understand the impacts of the 
pollutants on the aspects of the environment that matter: fish stocks, for 
example. The Navrud study says little about how much is known about this 
linkage. The values obtained here may also be transferable to other countries 
in the EU. This question also needs further investigation, although there is 
some evidence to suggest that transferability in this area may be limited (see 
European Commission, 1995). 

7.4. Valuation of impacts on ecosystems: direct use CVM and other methods 

Contingent valuation (CVM) is a potentially important tool for valuing eco­
system damage or loss of biodiversity, although there are many problems that 
need to be addressed. The main one is that we have no way to validate the 
results of an experimentally-created market. Some techniques are available to 
validate the results of a CVM approach (comparing the results, for example, 
with travel cost or hedonic approaches) but there is no obvious way to apply 
them to the estimated willingness to pay for conservation. 

CVM methods have been used to value environmental amenities and dam­
ages in the following areas: 

(a) Loss of species 
(b) Loss of amenity (not water related) 
(c) Loss of water related recreational benefits 
(d) Loss of non-use benefits in relation to water bodies. 

7.4.1. Loss of species 

Table 7.2 below, adapted from Pearce et al. (1991), shows the results of CVM 
surveys of studies valuing endangered or rare species. The results are interesting 
because of their broad consistency. Most of the valuations tend to cluster 
around ECU 7, (1990 prices) if we exclude the relatively high value for hump­
back whales. The range is ECU 1.4-15.4 excluding humpback whales and 
ECU 1.4-42.0 including humpback whales. The results suggest that: 
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Table 7.2. Per capita preference valuations for endangered species and prized habitats 

SPECIES 
Norway 

USA 

HABITAT 
USA 

Australia 

UK 

Norway 

(US 1990 $ per annum per person) 
(ECU 1990 per annum per person) 

$ value 

Brown bear, wolf and wolverine 15.0 

Bald eagle 12.4 
Emerald shiner 4.5 
Grizzly bear 18.5 
Bighorn sheep 8.6 
Whooping crane 1.2 
Blue whale 7.5 
Bottlenose dolphin 5.4 
California sea otter 6.0 
Northern elephant seal 8.1 
Humpback whales! 40-48 

49-64 

Grand Canyon (visibility) 27.0 
Colorado wilderness 2.7-6.0 

Nadgee Nature Reserve NSW 28.1 
Kakadu conservation 40.0 
Zone, NT2 93.0 

Nature reserves3 40.0 
Flow country 28.6 

Conservation of rivers against 59.0-107.0 
hydroelectric development 

Source: Pearce et al. (1991), converted to ECU at £1 = 1.4 ECU. 

(a) they are not large proportions of respondent income, and 

ECU value 

12.3 

10.2 
3.6 

15.3 
7.0 
1.0 
6.2 
4.5 
4.9 
6.7 

32.9-39.5 
40.4-52.7 

22.3 
2.2-4.9 

23.1 
32.9 
76.6 

32.9 
23.5 

48.6-88.1 

(b) habitat appears to be more highly valued than species, which is to be 
expected since a wider array of benefits is being secured through conserva­
tion of habitat than through targeting individual species. 

The transferability of per capita values of this kind is limited. The values in 
one country are very much a function of local factors and it is inappropriate 
to take them out of context. This issue is discussed further below where some 
systematic studies of transferability are reported. However, the conclusion that 
per capita values for different species and different locations are not generally 
transferable remains. The relevance to our study is limited, because it is difficult 
to establish a link between various socio-economic activities and damage to 
species. Nevertheless it is something to be pursued in future work. 
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7.4.2. CVM studies of loss of amenity 

Table 7.2 also reports some studies that have valued habitant in special places, 
such as the Grand Canyon, nature reserves etc. Such values are only useful in 
the context of our study if we can establish a link to the destruction of the 
habitat from specific pollutants. In many cases that is not possible. Furthermore, 
the transferability of the values (in terms of damages per person) is extremely 
limited. 

More directly, studies are now being initiated, which look at the WTP for 
damages due to acid deposition. Ecotec (1994) is one such contingent valuation 
study, which was performed to value a reduced threat of acid deposition 
damage to upland vegetation in the UK. Results are specific to the exact case 
in question, and the degree to which they can be extrapolated more generally 
is being investigated. The work does demonstrate, however, that valuation 
work on pollution impacts to natural ecosystems is possible. 

Valuation of loss of habitat due to project development 
One related area of valuation that could be relevant for our purposes is that 
of loss of habitat due to development projects. One such study is that by 
Hervik et al. (1987), who interviewed people regarding the conservation of 
rivers against the development of hydroelectric power plants. They found a 
WTP of US$ 59-107 (ECU 53.2-96.5, 1990) per person per annum. This latter 
result could be of use in valuing the loss of habitat and eco-system function 
from hydropower development. Although that is not currently being looked at 
it is an area for further work. 

Another study that looks at loss of habitat in this context is that by Travers 
Morgan (1991). Using CVM methods, it estimated non-user values for wildlife 
and habitat in the Mersey Estuary. The construction of a barrage to capture 
tidal energy in the estuary would have adversely affected surrounding wildlife. 
Some non-user values were estimated by questioning people in Bristol and 
Sheffield, which were considered to be far enough away not to represent use 
values. A WTP was elicited from a sample of 300 which, if extrapolated across 
the UK, would give a value of ECU 146 mn. The extension of the results across 
the UK must be problematic and the embedding problem (i.e. that people are 
expressing a general value for loss of wildlife) remains. Finally, as noted earlier, 
such a study is not transferable outside this context and the use of CVM for 
non-use values is still subject to much criticism. 

7.4.3. Loss of water related recreational benefits 

Water related benefits that have been valued using the CVM method, and that 
could be of relevance to environmental accounting are provided in the 
following studies: 

• Hjalte et al. (1982) 
• Kanerva and Matikainen (1972) 
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• Green and Tunstall (1990a/b); WRC/FHRC (1989) 
• Magnussen and Navrud (1991) / Magnussen (1991) 
• Hervik, Risnes and Strand (1987); Strand and Wenstop (1991). 
• Mantymaa (1991) 
• Aarskog (1988) 
• Heiberg and Hem (1988) 
• Dalgard (1989) 

Hjalte et al. (1982), in Lake Vombsjon, Southern Sweden (drinking water 
source of the town called Malmo) estimated the recreational value per visitor 
per year at SEK 4 (1982), on average for all recreational activities. WTP = 
SEK 4.50 for angling alone. (1 SEK = ECU 0.13). Variables measuring water 
quality were in terms of angling, bathing, boating, bird watching, walking and 
lakeside view. This study used a theoretically acceptable travel cost model, e.g. 
taking account of substitute sites, varying on-site costs and not over stating 
time costs (Le. use 15% of the average industrial working salary). Three different 
water quality levels were examined in qualitative terms. In these circumstances 
the damage function would have to be discontinuous at the three points 
indicated by the three levels of the quality. If a pollution source were to cause 
the water to fall from one quality level to another, the estimated damages 
would be measured in terms of the loss of that specific function. There is no 
reason why data of this type should not be used in an environmental accounting 
assessment, but it will require specific estimates of the impact of pollutants on 
the local water quality. 

Magnussen and Navrud (1991)/Magnussen (1991) is probably the most 
comprehensive Norwegian study on user and non-user benefits from water 
quality changes because it considers both the linkages to physical damage 
functions and the constructed CVM models. Water quality was found to be 
mainly affected by Nitrogen and Phosphorus emissions and the study looked 
at the benefits of a 50% reduction in emissions. The average WTP per house­
hold for the improvement was estimated at 600-5000 1991 NOK (72-600 
ECU, 1990). Again, this study only measures large changes in water quality so 
that the valuation procedure in which it is used would have to be adapted 
accordingly. 

Another study which could be relevant to this study in that it considers the 
effect of diminished water quality is Mantymaa (1991). Again, it operates in 
terms of 5 quality levels. The task of linking specific pollutants to these quality 
levels remains, however, incomplete, or at least not available from the pub­
lished version. 

The unit values estimated in Green and Tunstall (1990a/b); WRC/FHRC 
(1989), can only act as a rough indicator of the valuations in the UK that 
people place on water quality improvements. Problems in using these studies 
stem from the fact that people do not perceive the difference between the 
present water quality levels and those water quality improvements that are 
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Table 7.3. Mean annual willingness to pay per local household for improved water quality in 
three Norwegian fjords 

Fjord 

Kristiansand 

Inner Oslo 

Drammen 

Author! 

Heiberg and Hem (1987) 

Aarskog (1988)jHeiberg 
and Hem (1988) 
Dalgard (1989) 

Mean WTP per household per year 

Users 

906 
(123.4) 
849 
(110.5) 

Non-users 

598 
(81.4) 
416 
(54.1) 

Weighted average of users 
and Non Users 

430 
(62.5) 
837 
(114.0) 
563 
(73.3) 

Notes: 1. All studies have used contingent valuation mail surveys using colour coded maps and 
detailed verbal descriptions of different pollutants before and after the improvement. All figures 
are in NOK; except the WTP figures in brackets which are in ECU, 1990. 

Source: Navrud and Strand (1992). 

being valued. It is thus very difficult to place much reliance on the results and 
to transfer these results to the present study. 

Table 7.3 below shows the findings of three main Norwegian studies. The 
physical changes measured in these studies (i.e. oxygen concentrations, eutro­
phication, heavy metal and chlorinated hydrocarbon concentrations and surface 
pollution of oil and litter) were 'translated' into perceivable measures of water 
quality but the water quality improvements were rather large, from the pre­
vailing state to a 'nearly unpolluted' state. Thus, although the improvement is 
very large, both steps required to relate the results to an environmental valua­
tion study are available - i.e. the link between the pollutants and the measures 
of water quality, and the relationship between water quality and WTP. 

For recreational use values, a useful way of making use of the results is as 
the value of a recreational day, which has been provided by Navrud (1994). 
He estimates, from a range of Scandinavian and US studies the following values 
for different recreational days: Atlantic salmon/sea trout fishing (ECU 16.3); 
brown trout fishing (ECU 7.6); big game hunting (ECU 20.6); small game 
hunting (ECU 16.35); hiking and cross country skiing (ECU 5.4); picking 
mushrooms (ECU 8.1); and swimming (ECU 4.3). To test the transferability 
of these estimates he examined an EIA for a proposed hydropower site in 
Sauda Fjord in South West Norway. Losses of fish and wildlife stocks had 
been estimated in the EIA, and 'expert opinion' was used to convert these into 
lost recreational days. Taking the above values for the different recreational 
days he obtained an estimate of total loss due to the hydropower development 
of ECU 142,OOO/year. He then conducted a direct CVM of the potential users, 
focusing on the loss of recreational value in the area. By this means he obtained 
an estimate six times larger (ECU 809,OOO/year). 
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Navrud's analysis is interesting but not conclusive. It strongly suggests that 
marginal valuations made up of benefit transfer and expert assessments are 
misleading. However, it does not tell how transferable a 'proper' marginal 
valuation study would be. For example, could the results of the specific study 
be convertible into value per 1000 loss of fish population and then be transferred 
to a new situation? If that were the case, they could be used in the valuation 
of fish stock changes, as have been estimated in the UK study. Certainly such 
an issue is worth exploring in future work. 

7.4.4. Non-use of surface water 

Non-use benefits of surface water are divided into those relating to fisheries 
and those relating to non-fisheries. 

For non-fisheries the following studies are relevant: 

• Kyber (1981) 
• Magnussen and Navrud (1991) j Magnussen (1991) 
• Hervik, Risnes and Strand (1987); Strand and Wenstop (1991). 
• Mantymaa (1991) 
• Green and Tunstall (1990ajb) ; WRCjFHRC (1989) 
• Aarskog (1988) 
• Heiberg and Hem (1988) 
• Dalgard (1989) 

Kyber (1981), made a hedonic study of the water quality in Valkaekosia, 
Finland affecting average value per square metre of shore area with summer 
cottages and permanent dwellings. He used the National Board of Waters' 
quality levels where quality level II indicates 'good' quality; level III (satisfac­
tory); IV (passing) and level V (poor). Valuations were found but no details 
were given regarding the levels of physical pollutants and the equivalent mea­
sures used by the national water board. Since water quality in this sense is 
only weakly related to pollution levels, a link between the two might be very 
difficult to establish. A similar comment applies to the study by Mantymaa 
(1991) of Lake Oulujarvi, Finland. 

Green and Tunstall (1990ajb); WRC/FHRC (1989), in a UK CVM survey 
of 1500 people on user and non-user recreational and amenity value, found 
people were better at recognising higher pollution than they were at recognising 
cleaner water. This indicates that peoples' valuations of reduced water quality 
have a high correlation with physical damage than their valuation of the 
opposite change. Among those not resident in the immediate area, 56% of 
users had an annual WTP of £19.56 (ECU 27.4) per person. 45% of non-users 
had an annual £13.60 per person (ECU 19.1, 1990). (£UK figures in 1987 
prices, £1 = 1.40 ECU in 1990). The authors made a more detailed description 
of water quality involving an index of perceived water quality relating to 
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biochemical water quality indices. The three levels of water quality were as 
follows: 

Class 1. 'To be safe for children to swim in'. 
Class 2. 'To support many fish including trout, dragon flies and many plants'. 
Class 3. 'For water birds to use water'. 

(The definitions are equivalent to the official classification ordering). 

The mean WTP per person per annum was: ECU 814 for class 1, ECU 786 
for class 2 and ECU 737 for class 3. The small differences in values are 
remarkable - even for non-users one would expect bigger values and for users, 
US studies suggest much bigger differences. The finding was, however, sup­
ported by a survey of all user benefits where the recreational values per visit 
were ECU 0.17, ECU 0.84 and ECU 0.73 for water quality levels, 3, 2 and 1 
respectively. The typical present value of the benefits of improving the water 
quality level from one class to the next is as follows: 

Class 3 to Class 2 =£450,000 (for a country park) 
Class 2 to Class 1 =£90,000 (for a local park site) 

These results are too general to be of direct use in the present study. If one 
could establish that the operation of a particular pollutant resulted in a change 
in quality as identified above, however, it might be possible to use this and 
similar studies to value the impact. 

Hervik, Risnes and Strand (1987); Strand and Wenstop(1991), established 
a WTP of 550-1490 NOK (1990) through a CVM survey for the preservation 
of the River Rauma-Ulvaa, West Norway. The study was based on the most 
cost effective way of ranking rivers for hydro-electric development. This may 
be relevant to the external costs of hydro power in valuing the non-use value 
of the site prior to development. 

Methodologically, it is difficult to separate the use and non-use values as 
clearly as one might like. Where genuine non-use values are involved, there 
will always be a problem of relating such valuation to one or more pollutants. 
By their very nature non-use values are not closely or quantitatively linked 
with pollution levels. If preservation is threatened, the relevant loss of value is 
that associated with the affected habitat or environment and some of the 
preservation valuations that have been carried out may be of relevance, 
although it will be important to ensure that the results are broadly transferable. 
In other cases, such as those where individuals enjoy the visual impacts of a 
clean lake or object to the idea that a water body is being polluted even when 
they will make no use of it, valuations may involve a relationship between the 
level of pollution and the WTP. However, this is very difficult to measure and 
the best that can be hoped for is a specific CVM study when the main source 
of the pollution damage is a specific power plant. Naturally such a study would 
be specific to that plant, although it may be possible to transfer some of its 
results to other plants in similar circumstances. 
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Fisheries non-use 
Similar remarks may apply to the valuation of non-use benefits related to 
fisheries. There are studies, however, that have estimated such benefits and 
linked them to specific pollutants. 

The following studies are of potential relevance: 

• Navrud (1989) 
• Navrud (1990ajb) 
• Amundsen (1987) 
• Carlsen (1985) 
• Strand (1981) 
• Silvander (1991) 

The results are summarised in Table 7.4. All the studies employ the CVM 
to elicit WTP. With the exception of Silvander (1991), which is Swedish, they 
are all Norwegian. The Silvander study is also the only one to use mail surveys 
whereas the others conduct in-person interviews (which should give better 
results). Four of the studies give the total WTP (use and non-use): Navrud 
(1989), Amundsen (1987), Carlsen (1985) and Strang (1981). This is important 
to avoid double counting. Strand (1981) and Navrud (1989) have divided the 
use and non-use values, however, the method for doing this is rather ad hoc. 
Hence, one cannot place much reliance on the separate numbers. 

The results in Table 7.4 are of direct relevance to the estimation of the costs 
of acid depositions (see also Chapter 9 on Forests). It is from detailed studies 
such as those carried out by Navrud that valuations of acid depositions will 
be obtained and fed into the proper valuation of acid rain damages. 

7.5. Mitigation costs 

Mitigation costs have been used in valuing damages to surface and ground 
water. The following studies are relevant: 

• Baan (1983) 
• SPCA (1991) 
• Winje et al. (1991) 
• Ewers and Schultz (1982) 

Baan (1983) studied the social benefit in the Netherlands resulting from 
higher surface water quality. The SPCA (State Pollution Control Authority) 
(1991) made a study in the North Sea as to the cost effectiveness of different 
measures to achieve reductions of pollutants. This involved a 50% reduction 
in national emissions of Nitrogen and Phosphorus to the North Sea. The 
discounted costs (discount rate = 7%) of different measures for reducing emis­
sions of Nitrogen and Phosphorus by 1 ton were 0.02, 0.15, 6.95 and 30.90 
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(1990 NOK) respectively (1 NOK = 0.125 ECU). The basic data on the rela­
tionship between costs and reductions of pollutants could be of relevance in 
deriving a response to any estimated damages from the pollutants but cannot 
in general be a substitute for estimating those damages in the first place. 

In a similar vein, Winje et ai. (1991) in West Germany looked at the costs 
of treating different pollutants in 3 sectors including public drinking water 
supply, private and industrial water supply. Pesticide residuals (PPP), chlori­
nated Hydrocarbons (CHC) and nitrate concentrations were investigated. 
Treatment costs for industry = DM 120 mn. per annum (1983) and public 
supply = DM 780 mn. per annum (1983). 60% of these additional future costs 
are due to nitrate concentrations in ground water. 

Ewers and Schultz (1982), similarly value the benefits of improved water 
quality in terms of the reduced cost of treating it. They look at the value of 
improved water quality (reduced eutrophication due to reduced emissions of 
phosphorous) in Lake Tegeler, Germany. For drinking water quality improve­
ments (see later for the same study valuing commercial fisheries) from the 
present level of quality (level 4) up to the highest level (level 1) were valued in 
the range DM 4.7-6.9 million annually. For catering firms the corresponding 
estimate was DM 0.4-4 million. The drinking water benefits were valued by 
the associated cost reductions of improved water quality. 

7.6. Conclusions 

From a monetary valuation viewpoint, the treatment of damages to terrestrial 
and aquatic ecosystems is inadequate. The present study has reported damages 
in terms of areas with critical load excedence, numbers of species under various 
levels of threat etc. It has not sought to make any monetary valuation of these 
impacts, primarily because it could not establish the damages done to the 
ecosystems. In the case of fisheries, the UK team did establish loss of stocks 
resulting from various pollutants, but did not value them owing to a lack of 
valuation data. 

In fact there is a body of valuation studies that are of varying degrees of 
usefulness for this purpose, and which can be used to value damages in the 
context of an environmental accounting exercise. We have reviewed these, 
dividing them into studies that start from dose response functions and then 
estimate damages (using CVM and other studies); studies that seek to establish 
damages by going directly to the CVM approach, and studies that rely on 
mitigation costs. 

The dose response function has been used for commercial and recreational 
fisheries and could be adapted to other countries and situations, although the 
scope for, and the conditions under which, such transfer can be made are a 
matter of some discussion. Some of this will be taken up in the next stage of 
this research. 
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The 'direct CVM' approach is less suitable for the environmental accounting 
exercise. Applications were divided into species valuations, amenity valuations, 
water related recreational benefits, and non-use benefits related to water. The 
valuations of species have to be linked to damages to species based on anthropo­
genic activities. This may be feasible in some cases. But that is not enough, we 
also need valuations of losses that are relevant to the countries and situations. 
Transferability of species values is more limited than is sometimes suggested. 

Amenity valuations are generally very site specific and not often related to 
pollution emissions. Hence they are of limited use in the valuation exercise. 
They may be of importance, however, in relation to losses of amenity resulting 
from investments. This is something we have not looked at in this study. 

Water related recreational benefits' studies are becoming more relevant as 
they relate to the damages caused by specific pollutants, or relate to water 
quality indicators that can be related to specific pollutants. It is possible to 
make use of these studies in the context of this Green Accounting exercise, and 
is something we will undertake in the follow up work. 

Non-use benefits are generally regarded as difficult to measure using the 
CVM method. The applications reported here must, therefore, be treated with 
caution. Nevertheless, some of the research in this area has been impressive 
and the results may be applicable to the valuation of damages to water bodies 
suffered by persons who never make use of them. 

Finally we have the use ·ofmitigation costs. These have been used particularly 
in connection with the impacts of pollution on general surface water quality, 
as well as surface and ground water for drinking. Although such a procedure 
is not generally valid as an estimate of the damages from a polluting source, 
it can be a measure of the benefits if it can be established that the water 
treatment measures would have to be taken on grounds of public health, or if 
the damages would be so high that the treatment costs would be much less 
than any damages. Since this is not known in general, the use of mitigation 
data for valuing such benefits needs, therefore, further investigation. 
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CHAPTER 8 

MATERIALS 

8.1. Introduction 

The studies in this valuation category have been separated into three sections. 

1. Materials 
2. Residential and commercial buildings 
3. Historic buildings and monuments. 

The Chapter begins by discussing the general issues of valuation for this set of 
impacts, and then goes on to survey the European studies of damage. There 
are serious concerns that previous damage estimates are out by an order of 
magnitude and the reasons for this are discussed. The Chapter concludes by 
comparing preliminary results from the EXTERNE study some of these earlier 
studies, and by making recommendations for future work. 

There are ten previous European studies which have made estimates relevant 
to these three sections 

• Building Effects Review Group (BERG) (1990) 
• BMU (1986) 
• ECOTEC (1986) 
• Feenstra (1984) 
• Glomsrod and Rosland (1988) 
• Heinz (1980) 
• Isecke et al. (1991) 
• Fenger et al. (no date) 
• National Environmental Program of the Netherlands (1990) 
• Lee et al. (1995) 

8.2. Issues and choice of dose response functions 

Acidic deposition from the burning of fossil fuels is the process most widely 
associated with the erosion of buildings and materials, primarily stone and 
steel structures. Details of sulphur emissions and depositions are available for 
some of the studies in this impact category which should, in principle, make 
it possible to calculate an external marginal value. The main pollutants 
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considered are acidity, S02' particulate matter and chlorides. NOx is also 
considered to be involved indirectly (through the formation of ozone), and 
some preliminary results for this pollutant are reported in the UK study. Types 
of damage included are primarily rubber goods. 

For normal residential and commercial buildings, the best method of valua­
tion is to estimate physical damage using a dose response function, and then 
to apply values to the damages, as in the case of crops. For special buildings 
of historic and cultural interest, however, such a method is inappropriate. It is 
not the physical damage that is critical there but the fact that damages are 
effectively irreplaceable. For such buildings, use values may be estimated by 
CVM or travel cost methods. In addition information on defensive expenditures 
is relevant (this also applies to non historic buildings). Non-use values can 
only be obtained from CVM methods, but the success of using the methodology 
for this purpose is limited. 

The studies reviewed place raise many problems, and there is some uncer­
tainty as to their validity as far as the monetary estimates are concerned. The 
most serious problems that arise are with respect to the estimation of the dose 
response functions. The EXTERNE study reviewed the literature on these and 
found that the forms used in many widely quoted studies are scientifically poor, 
out-of-date and sometimes both. The section below reviews the literature on 
the dose response functions. Given that an acceptable estimate of the function 
has been obtained, the next step is to value the damages. Again, experience 
from US and other studies has shown that there is considerable scope for 
judgment in linking the physical damages to monetary damages. One key issue 
is the extent to which individuals can limit damages by suitable choice of 
materials, e.g. by using galvanized guttering instead of non-galvanized guttering. 
Another is the extent to which deteriorating stone and paint results in replace­
ment of materials or merely in a poorer appearance and upkeep. Both these 
factors relate to behavioural aspects and cannot be addressed outside of a 
model of human decision-making. 

If the physical and social aspects are not integrated, the consequences are 
similar to those discussed in Chapter 5 for crops and partly in Chapter 3 for 
health. First, the dose-response function itself is not immune to the linkage. If 
damages have been estimated in areas where more protective materials have 
been used and this quality change has not been allowed jor, the dose response 
function will underestimate the damages of an increase in depositions in a 
previously unpolluted area, and overestimate them in a highly polluted area 
(where individuals will be able to switch to less costly materials). These impacts 
tend to be ignored. Second, the US studies found that actual maintenance in 
polluted areas was generally less than the estimated increase in the frequency 
of maintenance, based on physical dose response functions. This would suggest 
that costs based on the latter alone would be overestimates. 

In all the European studies reviewed below, neither of these issues have been 
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addressed. It is difficult to know how much the estimates are affected but it 
does add to the general weakness of the monetary estimates in this area. 

Dose response functions for materials damages 

The EXTERNE Study reviewed the literature on the estimates in some depth. It 
concluded that reliable estimates of damages from acid deposition could only 
be made for stone, mortar, concrete, paint, steel, zinc and aluminum. Details 
can be found in the UK study, where they have been further updated. 

8.3. Conclusions on dose response functions 

In the view of the EXTERNE team the dose response functions used in the UK 
study are the best that can be used, given the data available. It should be noted 
that the studies on which they are based are multi-national, with extensive use 
of meta analysis. A large amount of US experience is reflected in these. Such 
data can and need to be used if a proper estimate of damages is to be made. 
However, it also needs to .be applied with caution, recognizing that some of 
the materials used are different. In some previous studies carried out in Europe, 
using US dose response functions, that does not appear to have been done. 

Given the dose response functions, for estimates of monetary damage an 
inventory of building materials affected and an estimate of the damage is 
needed. Inventories are generally based on extrapolating from a small sample 
of detailed surveys of materials. As a procedure this is acceptable as long as 
the initial surveys are representative enough of the areas to which they are 
applied. Clearly, however, such a procedure cannot be satisfactorily applied to 
special buildings, such as those of historical interest. For them a case by case 
approach has to be followed. 

Finally there are the monetary costs used to convert the physical damages 
into monetary ones. As explained at the outset, adjustments in the choice of 
materials and in the frequency of maintenance need to be studied as independent 
important factors. In general this has not been done but some judgmental 
estimates have been made of the changes in the frequency of painting/replacing 
of materials with and without the corrosion caused by atmospheric pollution. 
The present study has taken the same approach, recognizing its shortcomings 
but aware that, at this stage, there was no alternative. Damages are estimated 
in market prices, net of taxes, as there is no reason to believe that the prices 
that prevail for these materials are significantly different from the social costs 
of using them. 
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8.4. Main results from other European studies 

The results of other European studies are taken from the studies cited above. 

8.4.1. Materials in buildings (other than historic and cultural) 

Fenger et al. (no date) estimated damages from acid deposition (mainly sulphur) 
in Denmark at ECU 68 mn. Pearce et al. (1992) report that in the late 1980s 
sulphurous depositions in Denmark were 121,800 tons. This would suggest 
damages of ECU 562 per ton of S02, or ECU 70 per capita. Since emissions 
affecting materials also come from outside the country, the use of domestic 
emissions is not, however, a good normalising factor. 

The National Environment Program of the Netherlands, 1990 gives the 
following annual material damage estimates: 

Steel and zinc sheet 
Metals 
Concrete damage 
Facade cleaning 

Total 

Millions 
Dfl40 
Dfl113 
Dfl175-350 
Dfl12-25 

Dfl 340-528 (ECU152-237) 

Again, taking depositions of S02 as given in Pearce et al., 1992 for the 
Netherlands as 172,600 tons for 1988, this yields damage estimates of 
ECU882.6-1,371.0 per ton of S02 or 10-15 per head. 

Glomsrod and Rosland (1988) estimate the direct and indirect costs of S02 
in Norway. The direct costs are estimates as in the above studies (i.e. using 
dose response functions). The indirect costs are estimated by looking at how 
the materials damages affect growth in the economy. The materials examined 
include galvanized steel, paint on steel, wood and stone and stain on wood. 

Local and long range S02 emissions result in an additional cost of approxi­
mately: 

Direct costs = NOK 420 mn. 1990 (ECU 52 mn. per annum). 

Indirect costs = NOK 136 mn. 1990 (ECU 17 mn. per annum). 

This makes an annual total of ECU 69 mn. The study concludes that 27% of 
these costs are due to long-range sources. Since depositions of sulphur oxides 
were 302,400 tons in 1990, then damage works out at ECU 158 per ton or 
ECU 11 per head. 

The Glomsrod and Rosland (1988) study has lower figures than the other 
two studies cited. This may be due to its having considered fewer materials. 
On the other hand, the fact that it allowed for very limited mitigation measures 
should have resulted in higher estimates. 

The UK conducted a study on the effects of acid rain on building materials 
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(Building Effects Review Group (BERG), 1989). It reported a benefit of 
ECU 4.7 per capita (1990 prices) for a 30% reduction in SOz in Birmingham. 
This figure cannot be converted into a benefit per ton of sulphur dioxide 
without data on the depositions in that city. The per capita figure is not 
dissimilar to that from another UK study (ECOTEC, 1986) which is described 
below and which used the same basic data. The BERG report supports the 
conclusions reached in the EXTERNE study, in recognizing the poor quality of 
the dose response functions, including the effects where pollutants act syn­
ergistically. 

Heinz (1980), reported the additional costs for maintenance, replacement 
and cleaning in the more polluted area as opposed to clean areas of West 
Germany. The categories under consideration were: buildings, steel, and win­
dows (cleaning). However, as Heinz himself has pointed out, there are several 
shortcomings in the Study, whose results can only be regarded as first approx­
imations. First, the inventory of damaged materials is not complete, e.g. no 
account is taken of damage to paints and plastics. Second, estimates neglect 
indirect costs e.g. costs incurred due to closure of a bridge for maintenance 
activities. Third, as pointed out above, extra maintenance expected can only 
be a reliable damage estimate if a direct relationship with the preferences of 
the victims can be estimated. The correct method is to include only those 
maintenance costs which are actually paid by the victims of environmental 
damage. 

The total monetary damage in Heinz's study was estimated at DM 2.3 bn. 
(ECU 1.0 bn., 1983), with painting of residential buildings accounting for the 
largest single component. The impacts assessed are the result of all air pollu­
tants, not just sulphur. Allowing for inflation, the figure amounts to about 
ECU 20 per head in 1990 prices. 

A similar study was carried out by Isecke et al. (1991), and which has been 
used as the basis of the figures reported in this study. This looked at the 
additional damages from air pollution in high deposition areas, as opposed to 
low deposition areas. The damages to galvanized steel, stone, paint, concrete 
and brickwork were estimated on the basis of the depositions of SOz that 
occurred in 1987. They obtained an estimate of between ECU 0.9 bn. and 
ECU 1.6 bn. for the highly polluted areas. This is a wider range than the Heinz 
study, with the upper bound being about 60% greater. Converting the figures 
to damages per ton is problematic as damages in the so called clean areas are 
not included. Furthermore damages referred to include several pollutants. 
Nevertheless it is interesting to note that the estimated damages are very large. 
Taking the 1987-88 depositions of around 1.1 mn. tons, gives damages of about 
ECU 2360/ton from the Isecke study. The Heinz study gives an estimate of 
around ECU 1,100/ton. In per capita terms, damages are around ECU 40/head 
in the Isecke study. 

ECOTEC (1990) estimate the benefits of reduced building damage from a 
30% reduction in SOz in England. The building stock in the UK was estimated 
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from aerial surveys and converted into a range of typical buildings (houses, 
schools, offices, shops, government buildings, factories and warehouses). For 
each of these the amount of different types of materials exposed was estimated. 
Then dose response functions were used to calculate the damages. The benefit 
of a 30% reduction in sulphur dioxide came to £8 bn., or ECU 14.4 bn. Taking 
the total depositions of sulphur dioxide in the UK in 1990 as 1.167 mn. tons, 
gives the damages from 30% of that S02 as: 

(14.4/(1.167*0.3) = ECU 41,262/ton. 

(A conversion factor of 1 UK ton = 1.018 metric tons has been used). 
This is a lifetime cost of the S02. ECOTEC assume a discount rate of 5% 

and a lifetime of around 30 years. That would give an annualised cost of 
ECU 2556/ton, which is considerably higher than the other studies have pro­
duced. The corresponding value in per capita terms is about ECU52. The study 
was reviewed in detail by the EXTERNE team and found to have many shortcom­
ings. The criticisms of the study were: 

a. the 30% reduction in S02 on which the benefits were based assumed that, 
in the absence of a reduction, levels would increase uniformly across the 
country. This is very unlikely to be the case; 

b. the dose-response functions used are not explicitly declared. It appears 
that all materials damages are based on three, out-of-date functions. Three 
categories of materials were included: metals, minerals and paint. Damages 
for metals were based on an unreferenced Norwegian study on galvanised 
steel. However, such a study is not valid for uncoated steel and aluminum. 
Because the corrosion rates for the latter two are much lower, the study 
overestimates the damages as a result of this error; 

c. the 19% change in benefits for minerals is much higher than is indicated 
by dose response functions in the recent literature. Based on the functions 
recommended in this study, a better estimate would be around 6%; 

d. a 7% estimate is made for painted woodwork, and a 30% estimate for 
joinery replacement. This seems unreasonable as joinery replacement would 
take place when the painted woodwork had to be replaced or repainted. 
Hence a damage of 7% would be more reasonable; 

e. the Report estimates benefits from cleaning of paintwork. However, S02 
would not in general affect the frequency of such cleaning. 

For all these reasons the estimates of damages are likely to be seriously biased 
upwards. This is also confirmed by looking at the implied benefits in ECU /Kg, 
which work out at around ECU 2.7/Kg (excluding historic buildings). The 
range of values in the studies reviewed so far has been between ECU 0.16 and 
l.37/kg, with a mean of ECU 0.74/kg. 

The above studies have little evidence on ozone damages. These have been 
reviewed in the UK study, based on Lee at aI, 1995. Damages are believed to 
occur to rubber goods, paint and textiles. For rubber preliminary estimates 
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have been made, based on damages as well as protection costs. They amount 
to ECU 221-450 mn., which is significant, but smaller than the S02 damages. 
The authors stress the very preliminary nature of these estimates. For paint 
initial figures suggest damages in the range ECU 0-78 mn., and for textiles 
there are not estimates available. Ozone damages are very much, therefore, an 
area for further research. 

A recent alternative approach to the assessment of soiling costs has been 
taken by Pons and Curtiss (1995). They conclude that the amenity loss is equal 
to the repair costs at the time of cleaning. Thus, total damage to buildings 
equals is equal to twice the level of cleaning or repair costs. It is not known 
whether this approach could be used on a consistent basis in the context of 
the GARP framework. 

8.4.2. Historic and cultural buildings and monuments 

The user values of a historic monument could be estimated via the travel cost 
method by looking at visiting patterns for different sites and relating them to 
the characteristics of that site. However, such a procedure would demand a 
large quantity of data and, moreover, would not capture the non-use values, 
which, in the case of historic buildings, can be very high. The latter would 
require the use of CVM analysis, which has been discussed earlier in this report 
(see Chapter 2). Even in this case, it is necessary to proceed by asking people 
to value various states of repair and disrepair through questionnaires using 
photographs of monuments, buildings, works of art and books, etc. Dose­
response functions then become relevant, in linking the states of damage to the 
depositions of pollutants. Finally, one can look at damages in terms of costs 
of restoration. Such costs are only a part of total costs, as it can generally be 
assumed that restoration (a) does not achieve complete replacement of historic 
monument losses and (b) the WTP for damages is in excess of the restora­
tion costs. 

The first attempt to estimate damage to cultural property on a comprehen­
sive basis is Feenstra (1984), who adopted the restoration cost approach and 
looked at data on restoration and prevention costs in the Netherlands. He 
included in his study the damages done by air pollution to monuments, objects 
of art, archives and buildings. He estimated that the restoration costs of 
monuments in the Netherlands amounted to about ECU 50-80 mn. 
(ECU 312-519) per ton of S02. 

In his comment on the quantitative estimates, the author noted that not all 
of the properties at risk were evaluated. Furthermore, the proportion of damage 
that an be attributed to air pollution is difficult to estimate. Costs of urgent 
restoration and prevention measures which have not been carried out were 
included. However, the most important criticism of such a study is that it does 
not base the values of historic monuments on the WTP for their aesthetic and 
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cultural values, but on costs of restoration. This is precisely the same method­
ological issue as was discussed in connection with water damages; one cannot 
value the damages by looking at the costs of correcting the damages. The 
method does not value the existence benefits or the benefits from visits as such. 

Using a similar methodology, Altshuller et al. (1983), estimated damages 
for Germany that are reported in the German study. The figures here are 
somewhat lower than for the Netherlands and with a wider range 
(ECU 7-35 mn.). This may be due to a more limited coverage 

Glomsrod and Rosland (1988) in Norway have examined the repair and 
replacement costs of additional, direct and indirect, material costs of corrosion 
due to S02 (NOx effect is small according to Norwegian studies). They look 
chiefly at the effects on galvanized steel, paint on steel, wood and stone and 
stain on wood. Damages to other materials are not included due to lack of 
dose-response functions. 

The only study that appeared to estimate WTP for cultural monuments is 
that by Navrud (1990). He estimates the existence and bequest value of one 
specific historic building, the stone church of Nidarosdomen. A survey is used 
to elicit the WTP to preserve the original church instead of preserving it 
through restoration. By this means one can get the additional value associated 
with a cultural monument, other than what can be captured through restora­
tion. However, it is likely to be very specific and transferability will be a 
problem. 

8.5. Results of this study 

The main results of this study are summarised in Table 8.1. Only three countries 
reported any significant results, with the Italy team not being able to collect 
the relevant data on the stock of properties at risk. The Italian team did, 
however, report some limited data on defensive expenditures. 

For the other teams it is important to note that the classification of materials 
and the use of dose-response functions vary widely. This is due, in part, to the 
way the data on materials is collected, and in part to differences in the agreed 
dose response functions. The latter applies in particular to the the Dutch and 
UK studies, which are the only two to have undertaken primary estimation of 
damages. Both these issues need further discussion, to see what standardisation 
is possible. 

Because of the relatively smaller coverage in the Netherlands study, we have 
taken external estimates of damages for those categories not covered in the 
present study and used them to complement the figures obtained from the 
application of dose response models to the recently collected concentrations 
data. 

The main results obtained as follows: 
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1. Estimates of total damages for the impacts assessed range from 0.12% of 
GDP for the Netherlands to 0.30% of GDP for the UK. In per capita 
terms, the range is ECU 19 (Netherlands) to ECU 45 (UK). These differ­
ences are largely the result of differences in coverage, and of differences in 
dose response functions. 

11. For Germany total costs of ECU 3.12 bn. are based on a review of previous 
studies. The range is quite wide (+ / - 50% of the central value). Gaps to 
be filled are ozone damages and more complete coverage of cultural 
monuments. 

iii. For the Netherlands, the present study only looked at some of the impacts. 
We have completed the picture by taking the best results available from 
other studies. This procedure of blending the two sources does, however, 
need to be confirmed.For the UK, coverage is wide. As with the German 
study the range is about + / - 50%. Damages to cultural monuments are 
a major gap and it is noted that the ozone damage figures are preliminary. 

iv. Compared to earlier studies, which can really only be done for the UK, 
the figures are not out of line, but are a little lower. The ECOTEC study 
estimated per capita damages at around ECU 63 (1995 prices), compared 
to our mid-estimate figure of ECU 45. 
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CHAPTER 9 

GLOBAL WARMING 

9.1. Introduction 

The treatment of climate change is somewhat different from the other categories 
of damages that have been assessed. One reason is the extreme uncertainty 
surrounding the figures. Although the numbers presented here have relatively 
small ranges, there are researchers who take the view that the values are 
extremely high, and others who argue that we really do not know what the 
damages will be. The second is that we are dealing with impacts far into the 
future. Hence valuation methods have to look at long time periods. Third, 
although damages are global, and much of the research has been on estimating 
global damages, our concern is at the national level. Hence we need to look 
at the factors that affect local environments more closely. 

In contrast to the other types of damages covered in the GARP study, the issues 
surrounding global warming for the four countries under study are all contained 
in this section. 

9.2. Background and methodology 

Anthropogenic increases in the concentrations of greenhouse gases in the 
atmosphere are believed to warm-up the Earth's atmosphere, potentially caus­
ing economic damage through a number of different impact pathways, e.g., 
warming, sea level rise, changes in rainfall patterns, increases in the incidence 
and severity of storms and hurricanes. 

The latest scientific assessment predicts that a doubling of pre-industrial 
greenhouse gas concentrations in the atmosphere will result in a l.S-4.SoC rise 
in temperature, which translates to a global mean surface temperature rise of 
0.2S0C per decade over the next century. However, there may be large regional 
differences. Warming in the Northern hemisphere, with greater land mass 
relative to oceans, may be in the order of O.SOC per decade. This warming is 
likely to be accompanied by high regional climate variability and 'surprises'. 
The central estimate for sea level rise is 45 cm by the year 2100 as compared 
to 1990 (Pearce et al., 1994). 

There are a number of gases contributing to the enhanced greenhouse 
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effect. They include CH4 , N20 and CFCs. By far the most important, 
however, is carbon dioxide (C02 ) emissions. Anthropogenic increases in the 
concentration of CO2 in the atmosphere mainly result from the burning of 
fossil fuels and deforestation. It has been estimated that global emissions of 
CO2 in 1990 amounted to 6.9 Giga tons of carbon (GtC), of which 5.6 GtC 
were caused by fossil fuel burning and 1.3 GtC were caused by deforestation 
(IPCC, 1992a). 

Climate change fits somewhat uneasily in the accounting framework used 
in the present study. Apart from the large measure of uncertainly related to 
its causes and effects, the major problem lies in the substantial time-lag 
between greenhouse gas emissions and the resulting warming effect. 
Moreover, unlike most other air pollutants, greenhouse gases are so-called 
stock pollutants. Global warming damage is not caused by the flow of 
emissions as such, but by their accumulation in the atmosphere (Fankhauser, 
1994). This resembles another stock pollutant in our study: acid deposition. 
In acidification it is also not the flow of acid deposition, but rather the 
stock of acid that causes damage. For acidification we have, in our account­
ing framework, assessed the current (1990) damages, which are, in part, 
caused by historical deposition patterns. In theory, this approach could also 
be used for climate change. This would entail the assessment of current 
(1990) damage due to the increase in greenhouse gas concentrations in the 
atmosphere from pre-industrial levels (about 280 ppm) to current levels 
(about 350 ppm). However, little is known about current damage, neither 
about its incidence nor its severity. Research focuses on the assessment of 
future damages, especially the damage associated with a doubling of green­
house gas concentrations in the atmosphere (the so-called 2*C02 case). 
However, we are not interested in a point estimate of damage in a particular 
year, but rather with the flow of damages over time which can be attributed 
to an amount of CO2 emissions in a particular period. To remain as close 
as possible to the 1990 accounting year and the overall methodology of this 
study, we will calculate the present value of expected future climate change 
damage in the four case-study countries due to global carbon emissions in the 
year 1990. 

9.3. Estimation of physical damages 

The literature has identified a large number of possible impacts of global 
warming on the economy. The impacts range from positive to negative (benefits 
and costs), from adaptation costs to unmitigated damage, and from market to 
non-market impacts. Some of these impacts have been monetized and others 
have not. For a full discussion of these issues the reader is referred to IPCC 
(1996) covering all aspects of the economic and social dimensions of climate 
change. 
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Table 9.1. Estimates of yield changes from global warming in sample countries 

Country 

Germany 
Italy 
Netherlands 

Crop 

Wheat, spelt 
Wheat, spelt 
Wheat, spelt 

Source: Kane, Reilly and Bucklin (1989). 

Yield change (%) 

-5 
-10 
-1 

Table 9.2. Estimates of global warming impacts (2*COz) on agriculture in Germany, Italy and 
the Netherlands 

1988 GDP $ billion 

Country 

Germany 
Italy 
Netherlands 
Total 

Total 

1130 
765 
215 

2110 

Based on Parry (1990). 

9.3.1. Agriculture 

Agriculture 

16.5 
31.1 

8.5 
56.1 

Implied value change 

Yield change in % ab = 0.75 ab= -1.25 

-5 -0.6 -1.0 
-10 -2.3 -3.8 

1 0.1 0.2 
-14 -2.8 -4.6 

Global warming is likely to have mixed effects on agriculture. The main damage 
will arise from heat stress and decreased soil moisture. Kane, Reilly and Bucklin 
(1989) estimate that in Northern latitudes [near 70° N] agricultural prospects 
will improve. In the mid latitudes [near 40° Nand S] increases in temperature 
and drying of continental interiors is expected to lead to reductions in produc­
tivity. Projected coastal inundation of rice growing regions in parts of Southeast 
Asia, combined with the projected movement of the Asian monsoon away from 
the Indian sub-continent could also lead to reduced agricultural production. 
IPPC (1990c) draw the conclusion that food production can be maintained at 
essentially the same level as without climate change but the costs of achieving 
this are unclear. A restriction on such an optimistic view is that the yield 
increase in nature due to carbon dioxide fertilization will not be as high as 
laboratory results have suggested. Yield estimates for most of the countries 
under study are given in Table 9.1. 

Table 9.2 applies the estimates of Table 9.1 to the value of the agricultural 
base in each country in order to obtain an impression of agricultural effects 
globally. The final two column.s apply the central percentage yield change to 
the initial agricultural GDP base with a multiple ranging from ab = O. 75 to 
ab = 1.25, where a is the ratio of the output reduction after low-cost adapta­
tional changes to the initial yield reduction, and b is the ratio of total change 
in consumer and producer surplus to volume output reduction at base period 
prices. 



122 Chapter 9 

The figures in Table 9.2 do not take account of trade patterns. All consumer 
and producer surplus effects are treated as proportionate to the production 
base. Taking international trade into consideration, consumer surplus losses 
would tend to be relatively greater for food importers, and producer surplus 
effects relatively greater for food exporters. Worldwide damage for the normal 
benchmark of 2*C02 equivalent warming (2SC) would be $40 billion. The 
corresponding estimate for very long-term warming would be about $212 
billion. 

9.3.2. Forests 

Global warming is supposed to cause a poleward migration of forests and a 
change in forest composition. Boreal forests would decline by 40%, temperate 
forests by 1.3%, whereas tropical forests would rise by 12% (OECD, 1992). 
US forests may lose 23-54% of standing biomass in the Great Lakes region 
and 40% in Western forests over the next 100 years (EPA, 1989). On this basis, 
one can estimate that global warming from 2*C02 could cause a 40% loss for 
US forests. 

For Europe the effects of climate change on forests are not yet analyzed in 
full detail. Research on regional climate change which is important in order to 
predict the effects of 2 * CO2 equivalents on forest ecosystems is still lacking. 
In addition, climatic factvrs show an interrelationship with other factors (e.g. 
insects) which influence the state of forests. 

9.3.3. Sea level rise 

The extent of sea level rise is fiercely disputed. The USEPA dispute the IPCC 
estimates becasue of the implicit assumption that the Antarctic region would 
accumulate more ice than be a source of melting over the next 100 years - a 
point of view not generally accepted by glaciologists. The areas in Europe 
likely to be affected include the German beaches along the North Sea and 
nearby islands, the Po delta in Italy and low-lying land areas in the Netherlands 
and Belgium. Sea level rise will result in three types of costs: capitals costs of 
protective constructions (dikes, sea walls), the costs of foregone land services, 
and the costs of increased flooding hazards. There may also be migratory effects. 

9.3.4. Other effects 

Human dis-amenity damages will depend on location and income level. For 
high latitude countries the effects may be favourable, for mid and low latitude 
countries dis-amenity will playa major role. A warmer climate could aggravate 
urban pollution problems and some vector-borne diseases. If one assumes that 
human amenity is an income-elastic service, valuation tends to be higher in 
high-income countries (also relative to GNP). A predicted reduction of water 
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supply in some areas could not only affect agriculture, but also households 
and industry. 

Water supplies are also likely to be affected. Water balance models for 
Europe suggest a reduced precipitation and runoff in the south (Spain, Portugal, 
Greece) and possible decreases in runoff in the central region (this applies to 
Germany). The North (the UK, the Netherlands, and Belgium), however, will 
experience significant increases. 

Finally, an increase in the incidence and severity of extreme weather events 
can cause damage to infrastructure and human lives. 

9.4. Monetary estimation of the physical impacts 

Several studies have assessed global costs and benefits of climate change in the 
event of a doubling of pre-industrial greenhouse gas concentrations (2*C02). 
The studies predict a net damage of 1.5%-2.5% of current world GNP. In 
absolute terms the 2*C02 equilibrium warming leads to net damage costs of 
about US$ 270 bn. (Fankhauser, cited in Pearce et al., 1994) to US$ 316 (Tol, 
ibid.) in the year in which the doubling of CO2 is achieved. 

These point estimates, however, tell us little about the social damage costs 
of a ton of carbon emitted today. There are considerable difficulties in calculat­
ing marginal costs of CO2 emissions, especially because of the non-linearity of 
the climate system and damages. Moreover, because of the long-term impact 
of a unit of carbon dioxide in the atmosphere, calculations heavily depend on 
the discount rate used to compare damages which occur in different time 
periods. Estimates of marginal costs of present CO2 emissions range from US$ 
5 to US$ 45 per ton of carbon. A sort of central estimate is Fankhauser's US$ 
20 per ton. This estimate has the additional advantage of being derived from 
a model which seems to be somewhat more appropriate for our purposes than 
some of the other models.1 

Accepting the Fankhauser estimate of US$ 20 per ton of carbon, the present 
value of global damages due to global 1990 carbon emissions is 6.9 GtC x 20 
US$/tC X 109 = 138 bn. US$. Is it acceptable to multiply total carbon emissions 
in 1990 with the marginal costs of one ton of carbon, i.e., do we not violate 
marginality conditions? In defence of our linearity approximation is the fact 
that the global carbon emissions of one year only add a small percentage 
(about 0.9%2) to the atmospheric concentration. 

1 The distinction referred to is that Fankhauser's model is not an optimal control model to assess 
the optimal carbon tax. An optimal control model calculates the shadow price of carbon to keep 
carbon emissions on the optimal trajectory. Fankhauser, by contrast, does not assume an optimal 
trajectory of future emissions. 
21 GtC = 0.47 ppm, thus 6.9 GtC is 3.2 ppm. Current concentration is about 350 ppm, thus the 
increase is (3.2/350* 100 = 0.9%). 
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Table 9.3. Damage costs of global warming to EU and four EU countries 

ECU Bn. 1989 % EU total 

IDC 4°C 1°C 4°C 

Germany 7.2 18.2 13.7 8.4 
Italy 9.2 44.3 17.5 20.5 
Netherlands 1.0 4.5 0.2 0.2 
United Kingdom 3.2 13.5 6.0 6.2 

EU total 52.5 216.1 100.0 100.0 

We are, however, not interested in global damages as such, but in damages 
to the four case study countries. To this end, we need to introduce two 
additional, arguably controversial steps. The first step is to assess the ratio 
between world damages and EU damages; the second step is to assess the ratio 
between EU damages and specific EU member country damages. 

For the first step we use regional estimates of 2*COz damages as reported 
in Pearce et al., 1994. Fankhauser has specifically estimated EU damages in 
the 2*COz case to be US$ 63.6 bn., compared to global damages of US$ 
269.6 bn. The EU/World ratio of damages is thus 63.6/269.6 = 0.24. Tol gives 
figures for OECD-Europe and World, respectively. OECD-Europe is larger 
than EU, but Tol's figure of US$ 56.5 bn. is less. than the EU figure of 
Fankhauser. Tol's World estimate is US$ 315.7 bn. The EU/World ratio accord­
ing to Tol is therefore 56.5/315.7 =0.18 (or somewhat less, strictly speaking). 
Using these EU/World ratios, damages to the EU because of global 1990 
emissions of carbon can be calculated as 0.18 to 0.24 times US$ 138 bn., is 
US$ 24.8 bn. to US$ 33.1 bn. 

For the second step we make use of a monetary assessment of climate change 
damages to the EU and EU member countries (CRU/ERL, 1992). Economic 
damage in this report is presented per degree of warming. Specifically, numbers 
are presented for temperature rises or 1 DC and 4 DC. The numbers are presented 
in Table 9.3 overleaf. 

The CRU/ERL study distinguishes between five impact indicators and six 
economic sectors. The impact indicators are: sea level rise (including the effects 
of increased storm surges); run off (water supply); area above comfort thresh­
old;3 heating and cooling degree days; and agricultural yields. 

Note that no health effects have been assessed. The economic sectors are 
labelled: agriculture; mining; manufacturing; electricity, gas, water; tourism; 
transport; services. 

3 The 'comfort index' is an index using temperature, sunshine and rainfall as indicators of the 
suitability of climates for leisure activities; changes of the index have impacts on the tourist 
industry. It can be interpreted as an human amenity index. 
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Table 9.4. Damages and benefits of 4°C temperature rise per impact indicator! 

Bn 1989 ECU Comfort Heating and 
threshold cooling 

Sea level rise Run-off degjdays degjdays Agricultural 

Germany 43.9 3.7 (15.4) (11.0) (3.0) 
Italy 37.2 5.4 2.9 (0.6) (0.8) 
Netherlands 10.7 0.0 (1.4) (2.9) ( 1.8) 
UK 26.6 0.0 (0.6) (11.4) (1.1 ) 

EU Total 272.2 18.4 (27.1 ) (35.5) (12.2) 

! Benefits are between brackets. 

At a temperature rise of 4°C the damage as a percentage of 1990 GDP 
ranges from 2% (Germany) to 8.8% (Italy). The major share of the damage is 
due to sea level rise. For the Northern countries (Germany, Netherlands, and 
UK) the net impact would be positive without sea level rise. The impacts on 
the agricultural sector show a North-South divide: positive for Northern 
countries, negative for Southern countries Table 9.4 presents an overview of 
costs and benefits for the four case-study countries per impact indicator. 

The before-mentioned IPCC assessment reviewed the CRUjERL study. It 
concluded that CRUjERL may have, on the one hand, overstated sea level 
costs (through augmenting sea level rise costs by a factor 2.7 to account for 
storm surges), while, on the other hand, it may have understated the damages 
of non-sea level rise impacts. 

If we take the arithmetic mean of the damages corresponding to 1°C and 
4°C temperature rise (Table 9.3), country damages as a fraction ofEU damages 
are: Germany 0.11, Italy 0.19, Netherlands 0.02, UK 0.06. Because of the likely 
overestimation of sea level rise costs and the likely underestimation of the other 
damage costs the fractions between country damage costs and EU damage 
costs may be less correct, i.e. biased against those EU countries with a long 
coast line (e.g.ltaly). However, because of a lack of better estimates we neverthe­
less use the CR U jERL figures. 

Multiplying these fractions with total EU damage due to 1990 global emis­
sions (derived above) gives the country damages presented in Table 9.5. These 
have been converted into 1995 prices as this is the standard reference year adopted 
throughout the synthesis report. 

Notice that the damage costs in Table 9.5 are present values of national 
damage costs of global emissions. The mid-range estimates are in the range 0.2 
to 0.7% of GDP, and from ECU 37 to ECU 115 per capita. The range is quite 
small, about + j - 10-20% of the mid value. This narrow range is misleading, 
however, as regards the true uncertainty about these estimates, which arise 
from differences about physical impacts and valuation of those impacts, both 
of which have been relatively constrained in this analysis. 
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Table 9.5. Present values of global warming damages due to global 1990 carbon emissions in 
1990 (ECU Million). Figures updated to 1995 prices. 

Germany Italy Netherlands UK 

Mid Low High Mid Low High Mid Low High Mid Low High 

3870 3260 4470 6640 5670 7610 660 600 720 2110 1810 2410 

As % of 0.23 0.20 0.27 0.74 0.63 0.85 0.27 0.25 0.30 0.24 0.21 0.28 
1990 GDP 
Per capita 49 41 56 115 98 132 44 40 48 37 32 42 
(EeU) 
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CHAPTER 10 

CONCLUSIONS AND RECOMMENDATIONS 

The study had the objective of investigating the credibility of estimating envi­
ronmental damages for the EU, within a consistent, coherent framework. To 
this end, it carried out four national case studies: for Germany, Italy, 
Netherlands and the UK. The approach taken was receptor based - i.e. to 
look at environmental pollution concentrations in a spatially dis aggregated 
fashion, and to estimate the damages associated with these pollutants. 

The study did not cover all pollutants; in particular it focused on air 
emissions. Furthermore it did not address the question of whether or not the 
estimated damages were 'internalised' in the GDP figures - i.e. whether GDP 
was already lowered because of the damages. On account of its receptor based 
approach, the study did not look at damages outside national boundaries. 

At the outset the teams tried to adopt as consistent an approach as possible. 
This meant agreeing on selection of dose response functions, valuation method­
ologies and selection of data sets. Inevitably, the coverage and approach were 
not fully consistent. The degree of spatial disaggregation varied by country, as 
did the availability of data on pollution concentrations and estimates of stocks 
at risk. These differences account for a significant part of the differences in the 
resulting damage estimates, as has been pointed out in the report. 

Monetary estimation of the impacts of pollutants on health, materials and 
crops; and of economic activities on noise amenity have been established, with 
some credibility. Some further work is required to take these estimates to a 
level where they can be reported in a set of satellite environmental accounts. 
This work should not, however, be beyond the scope of the follow-on project. 
In addition, the teams found the physical data of environmental impacts to be 
of considerable value and it is recommended that the latter be presented 
alongside the monetary data. 

The teams were less successful in attaining reasonable coverage of the 
monetary impacts of damages to forests and ecosystems. Some improvements 
in these areas are possible but it is highly unlikely that comprehensive estimates 
can be developed. We recommend therefore a hybrid approach, where monetary 
values and physical impacts are presented, with the latter being in the form 
that is closest to the 'end point' that affects human welfare. 

The estimates of global warming damages reflect the consensus that currently 
exists among important sections of the scientific research community. But it is 
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important to note that there is a significant group of researchers who challenge 
the assumptions on which the figures are based. We recommend national 
damage estimates of global warming be reported as a separate category, indicat­
ing that they are highly uncertain and possibly subject to major revisions. 

Although there are many gaps in the numbers, we have summarised the 
monetary findings in Table 10.1 overleaf. This provides an overview of the data. 
The numbers are not comparable across countries as there are gaps in the data. 
They are most complete for Netherlands and UK, where damages amount 
equate to around 7.1 % and 4.1 % of 1990 GDP respectively. The big gap in 
the UK compared to the Netherlands is the absence of forestry recreational 
damage estimates. 

The programme of research raises the question of how (and to what extent) 
these estimates can be integrated into a system of national accounts. In their 
present form, it is the teams' view that the data are more useful presented 
alongside the national income accounts rather than deducted from GDP. One 
reason is that we do not know the extent to which damages have been 
internalized. Subtracting them would result in double counting. The second is 
that by far the greatest benefit in these data is to guide policy on the economic 
and environmental interface, and the aggregation of damages is of little value 
in this regard. 

To develop the research further we need to extend coverage within each 
country so that it is as uniform as possible. That is important for policy-making 
within the EC, where cross-country resource allocation and regulatory decisions 
have to be taken. Second, we need to attribute damages to sources. This is an 
essential linkage if the framework is to be of policy relevance. Third we should 
extend coverage to pollutants that affect water resources, as other studies 
indicate this to be of importance in terms of environmental priorities. 

What is the scope for updating the results obtained here on a regular basis? 
Such updating is necessary if we are to use the data for policy purposes. We 
believe this can be done at reasonable cost. First it is not necessary to review 
all the components that go into the valuation. There are, broadly, three compo­
nents: data on pollutants and their concentrations, data on stocks at risk and 
data on valuation of end points. The first will need the most frequent updating, 
to reflect physical changes in the environmental situation. The second will need 
to be revised as frequently as similar data is revised in other sections of the 
national accounts (e.g. data on stocks of buildings, persons resident in different 
areas, forest stocks etc.). The third need be revised less frequently. Changes in 
estimates of VLYL or property depreciation per unit of noise etc. can be made, 
for example, every 3-5 years. Similarly, new pollutants will need to be consid­
ered. When such changes are made, it will be necessary to re-estimate previous 
damages so as to maintain a consistent time series. This should not, however, 
be too costly an exercise. 

This study has made a promising start in an important area. Much remains 
to the done but we are well on the way. 
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CHAPTER 1 

INTRODUCTION AND DATA ISSUES 

1.1. Introduction 

The coverage of the Dutch assessment under the first phase of the Green 
Accounting Research Project (OARP) is presented in Table 1.1 below. The effects 
of S02 have been considered on the widest range of receptor categories. Due 
to severe limitations on both data and resources, the assessment was not able 
to consider the effects of atmospheric pollutants on forests or ecosystems. 
Considerable progress was made, however, in the assessment of noise related 
damages. 

The section below assesses the data required on pollutant concentrations 
for the Netherlands on a detailed geographical level. As mentioned previously, 
the study benefitted from the methodology that was developed under the 
ExternE Project (see European Commission, 1995a-f). However, for the specific 
purposes of this study many additional data were acquired and processed. The 
assessment is based, as much as possible, on dose-response functions and 
methodologies presented. When specific assumptions have been made this is 
clearly indicated in the text. 

1.2. Air quality data 

1.2.1. Data availability 

Air quality in the Netherlands is monitored by the National Institute of Public 
Health and Environmental Protection (RIVM) in the National Air Quality 

Table 1.1. Pollutants and damage categories addressed in the Dutch assessment 

Health 
Materials 
Crops 
Forests 
Ecosystems 
Amenity 

PM 10 

x x 
x 
x 

133 

Noise 

x 

x 

x 



134 Chapter 1 

Monitoring Network (LML). The monitoring stations of the LML are divided 
into regional stations, city background stations, and street stations. The regional 
stations are considered representative for the air quality in a ray of 5-50 km 
around the station, and are used by RIVM to calculate the overall-distribution 
of air pollutant concentrations by means of interpolation. The city background 
stations are located in cities with 40,000-800,000 inhabitants and are considered 
representative for the air quality in comparable cities. Finally, street stations 
are located in urban streets with a high traffic intensity (> 10,000 motorized 
vehicles per day) and are considered representative for the air quality in 
comparable streets (estimated at about 100). An overview of air pollutants 
monitored in the LML which are relevant for this study and the number of 
measuring stations in 1990 is presented in Table 1.2. Black smoke (BS) is also 
measured outside the LML by other organizations than the RIVM. The meas­
urements of these stations, which are mainly located in urban and industrial 
areas, are also included in the Annual Air Quality Survey. Including these 
stations there are a total of 34 stations for BS. 

The results of the LML are published annually by the RIVM in two publica­
tions. The Annual Air Quality Survey (Dutch: laaroverzicht Luchtkwaliteit) 
provides a broad overview of the air quality and the concentrations of a number 
of pollutants. The publication National Air Quality Monitoring Network: 
Results of the Measurements (Dutch: Landelijk Meetnet Luchtkwaliteit: 
Meetresultaten) gives the r~sults of the indivual stations. This last publication 
consists of 4 volumes: 3 for the regional stations and 1 for the city background 
and street stations. Table 1.3 gives an overview of the availability of data for 
each pollutant. An X in a cell means that data for a certain pollutant are 
available in that specific form. 

1.2.2, Particulate matter 

The measure of particulate matter that was chosen for this study is PMlO • 

However, the measure of particulate matter which is monitored in the LML is 

Table 1.2. Air pollutants measured in the LML and number of stations for 1990 

Number of stations 

Pollutant Unit Total Regional City Street 

S02 I!g/m- 3 83 77 6 
NOx ppb 43 25 5 13 
-NO I!g/m- 3 43 25 5 13 
-N02 I!g/m -3 43 25 5 13 
0 3 I!g/m -3 36 20 4 12 
Oxidant ppb 36 20 4 12 
Particulates: black smoke I!g/m -3 20 14 6 
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Table 1.3. Pollutant data available for each monitoring station in the LML in 1990 

S02 BS6 NOx NO N02 0 3 

I-hour percentiles (50, 60, 70, 80, 90, 95, 98)' x x X X S x 
24-hour percentiles (50, 60, 70, 80, 90, 95, 98)' x x x x x x 
8 highest I-h measurements' x x x x x 
8 highest 24-h measurements' x x x x x x 
Annual average' x x x x x x 
Average concentration by windsector2 x x x x x 
Daily averages3 x x x x x x 
Monthly averages4 x x x x x x 

'For periods: year 1990, summer 1990 (April-September [incl.]), year April 89/April 90 (April­
March [incl.]) and winter 89/90 (October-March [incl.]). 
2For periods: year 1990, summer 1990 and winter 89/90. 
3Ca1culated from hourly measurements. 
4Calculated from daily averages. 
5 Also a 99.9 percentile is given. 
6BS = black smoke. 

Black Smoke (BS). The maximum diameter of particulates measured with the 
BS method is approximately 5 ~m, whereas PM lO consists of particulates with 
a maximum diameter of to ~m. There are no measurements of PM lO available 
for 1990; PMlO is measured in the LML only since 1992. Also the number of 
stations measuring PM lO is less than the number of stations measuring BS, 
and most stations measuring PMlO have not been operating during all of 1992. 
Also the method used to measure PMlO systematically underestimates the true 
concentration by about 25%. 

There are measurements available of TSP for 1990 but the stations that 
measure TSP are largely located in an urban or industrial environment and 
can therefore not be considered representative for the overall situation. Also 
these measurements are performed on a less frequent basis than the BS measure­
ments. So to keep in line with the common base year 1990 and considering 
that BS is measured on a larger and more frequent scale than TSP, BS will be 
used as a measure of particulate matter in the Dutch implementation of 
this study. 

Since the dose-response relationships use PMlO we have tried to establish 
a relationship between BS and PMlO using the daily mean concentrations from 
stations which measured BS as well as PMlO in 1992. Figure 1.1 shows a plot 
of the measured PMlO concentrations against the measured BS concentrations 
(left graph), and a plot of the ratio of BS to PMlO against the BS values (right 
graph) for one of these stations. From these graphs it becomes clear that the 
ratio of BS to PMlO is not constant; it increases with increasing BS concen­
trations. This means that BS concentrations cannot be converted to PMlO 

concentrations using a constant factor. Therefore a regression equation was 
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Fig. 1.1. Scatterplot of PM lO concentrations against black smoke concentrations (daily averages). 
Data are from station 133 in the LML 1992. 

estimated which gives PMlO concentrations as a (linear) function of BS 
concentrations. 

It was found that the best results could be obtained by estimating this 
equation for each station separately. Results of the regressions are shown in 
Table 1.4. From applying these relationships directly to annual mean concen­
trations it appeared that they might give a slight overestimate of the true 
annual mean PMlO concentration. Furthermore it has to be kept in mind that 
these equations give the relationships between measured concentrations; results 
of the equations have to be divided by 0.75 to correct for the systematic 
underestimation of PMlO concentrations by approximately 25%. 

1.2.3. Spatial distribution of air pollutant concentrations 

The spatial distribution of air pollutant concentrations is constructed by linear 
interpolation of the results of the regional stations. This means that no use is 
made of modelled data. Experience within the RIVM, which also uses interpola­
tion methods to construct spatial distribution of pollutant concentrations, has 
shown that interpolation produces credible results. Although the RIVM uses 
a specially developed interpolation method, comparison of different interpola­
tion methods has shown that results of different methods are within a range 
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Table 1.4. Results of the regression equations 

PMlO=a+b*BS 

Station a l b l n r R2 

131 18.688 1.749 258 0.694 0.482 
133 16.618 1.098 307 0.725 0.525 
230 19.540 1.978 287 0.722 0.521 
318 17.151 1.261 285 0.757 0.574 
437 18.299 1.221 320 0.737 0.543 
538 20.537 1.703 276 0.636 0.405 
540 21.947 1.059 299 0.719 0.517 
722 18.453 1.571 273 0.633 0.401 
724 18.738 1.415 339 0.809 0.654 
928 19.978 1.360 326 0.763 0.583 

All 19.563 1.286 2970 0.713 0.508 

1 All coefficients statistically significant at the 0.1 % level. 

Ratio 
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Fig. 1.2. Scatterplot of the ratio of PMlO concentrations against BS concentrations (daily 
averages). Data are from station 133 in the LML 1992. 
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of 10% of each other (personal communication with members of RIVM's Air 
Quality Department). Also, models are not available for all pollutants (e.g. 03). 

A modelling exercise for PMlO for 1992 using the TREND-model shows a 
considerable underestimation of actual concentrations. The estimated annual 
mean concentration was approximately 30 Ilg/m -3 (including a 10% correction 
for wind-blown dust, sea salt aerosol etc.), with a range of 25-35 Ilg/m -3, 

whereas the (for underestimation corrected) measured annual mean concen­
tration was 44llg/m -3 (average of the regional stations) (RIVM, 1994). Given 
these considerations we believe that relying on monitored data and interpola­
tion can be justified for the Dutch situation. 

Linear interpolation was performed using the SPANS Geographical 
Information System using the nearest neighbourhood method (SPANS, 1993). 
Calculations were performed on a 5 * 5 km2 grid surface. Since most of the 
other data for the calculation of impacts (population distribution, yields of 
agricultural crops etc.) were available on the municipality level the results of 
the interpolation were used to calculate an area-weighted concentration per 
municipality. 



CHAPTER 2 

DAMAGE TO HEALTH 

2.1. Costs arising from PMlO 

2.1.1. PM 10 concentrations 

The regression equations shown in Table 1.4 were used to estimate the mean 
annual PM lO concentrations for 1990 from the mean annual Black Smoke (BS) 
concentrations. The equation estimated from the data from all stations was used 
to estimate PM lO concentrations for those stations for which no separate equation 
could be estimated. The mean annual BS concentrations averaged over the 
regional stations in 1990 was 11.2 Ilg/m - 3 with a range from 8 to 14 Ilg/m - 3. The 
resulting estimated annual mean PM lO concentration averaged over the regional 
stations in 1990 was 45.5 Ilg/m -3, and ranged from 41.1 to 55.2 Ilg/m -3. 

The spatial distribution of PM lO concentrations was again constructed by 
linear interpolation on a 5 * 5 km2 grid surface. Concentrations per grid were 
used to calculate an area-weighted PM lO concentration for each municipality. 
Only the results from the regional stations were used for the interpolation. At 
first sight one might think that this will result in an underestimate of urban 
concentrations of PMlO • However, measurements of PMlO from 1992 and 1993 
surprisingly show that concentrations measured at city background stations 
are scarcely higher than those measured at regional stations (see Table 2.1). 

2.1.2. Dose-response relationships for PMlO 

The common set of dose-response relationships was used. For a discussion of 
these functions, the reader is referred to the Synthesis Report. Since the dose-

Table 2.1. Comparison of mean PM10 concentrations at regional stations and city background 
stations in the LML (corrected for underestimation) 

Annual mean 
Range 

Regional (10) 

44 
40-51 

Source: RIVM (1994a, 1994b). 

1992 

City (3) 

44 
41-47 

139 

Regional (9) 

40 
32-47 

1993 

City (2) 

41 
41-41 
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response relationships for mortality give the percentage change in mortality 
rates we have to correct for the deaths from air pollution which are implicit in 
the background mortality rates. Define dXi as the percentage change in the 
mortality rate in municipality i (outcome of the dose-response relationships), 
Xi as the known mortality rate and Xb as the mortality rate at background 
concentrations of PM lO (which is unknown). If we define POPi as the population 
at risk in municipality i, the number of extra deaths in this municipality is 
given by (Xi* POPi - Xb * POPi) = (Xi - Xb)* POPi' Since Xi and Xb are related by 
Xi = (1 + dx;/I00)*xb we can write the number of extra deaths as: 

t (Xi - 1 :~X) • POPi (1) 

The dose response relationships for morbidity impacts do not require such a 
correction as they are designed to give directly the extra cases of a certain 
impact from an increase in the PM lO concentration. 

2.1.3. Resultsfor PMlO 

Impacts were calculated on the level of municipalities by combining the PM lO 

concentration, mortality rate and population. Data on population per munici­
pality were obtained from the Central Bureau of Statistics (CBS, 1990). These 
figures give the population on January 1 1990, by age (5 year age groups) and 
sex. Mortality data on municipality level are only to be obtained through 
analyses of postal code based data. The postal code data, collected by the 
Central Bureau of Statistics, are not readily available because of privacy restric­
tions. The mortality data on province and regional public health service (GGD) 
level were, however, available from a Regional Public Health Profile database 
made by the National Institute for Public Health and Environmental Protection 
(RIVM, 1990). 

These data are average figures for mortality due to several causes for 1985 to 
1989. Later data are not available on this detailed level. Mortality due to 
accidents and violent causes can be subtracted from the total mortality figures. 
The resulting mortality rates for non-violent death on the provincial level, 
range from 7.60%0 to 9.49%0 for men, and from 7.26%0 to 8.090100 for women. 
These mortality rates were used for the calculations. Each municipality was 
assigned the mortality rate of the province it belongs to. 

Some of the dose-response functions for morbidity impacts have to be 
applied to a certain sub-population of the general population only, for instance 
children or asthmatics. The percentage of asthmatics is estimated at 1.7% of 
the population over 18 years of age (CBS, 1989). This figure is for 1986. Later 
figures are not available because from 1987 on only an aggregate estimate for 
asthma, chronic bronchitis and CARA (chronic a-specific respiratory diseases) 
is made. We have applied the adult-percentage to all age groups. This may 
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result in an underestimate of the number of asthmatics since asthma is more 
prevalent in children than in adults. Dose-response functions for children were 
applied to all persons under 15 years of age, dose-response functions for adults 
were applied to all persons from 15 years of age. 

The tables below (Tables 2.2 to 2.5) give the results of the calculations for 
the mortality and morbidity impacts from PMlO • Results are related to the 
total population of the Netherlands on the 1st of January 1990 (14,892,574 
people), and the monetary value of the damages are related to the Dutch GDP 
in 1990 (223,287 million ECU at 1990 prices and exchange rates). Given the 
uncertainty concerning the background level, results are given for a background 
level of 5, 10 and 15 Jlg/m -3. Also the increase in the number of cases of a 
certain effect when the background level is lowered by 1 Jlg/m -3 is shown. 
Since the relationship for mortality is not linear (equation (1)), the increase in 
mortality is not constant for the whole range of background levels. Therefore, 

Table 2.2. Estimated acute mortality impacts from PM lO 

Number of deaths Damage in million ECU 
(% of 1990 population) (% of 1990 GDP) 

PM lO background Low Mid High Low Mid High 

5 3072 4913 6742 7986.1 12774.4 17529.5 
(0.021) (0.033) (0.045) (3.57) (5.72) (7.85) 

10 2702 4329 5952 7024.1 11257.7 15475.4 
(0.018) (0.029) (0.040) (3.15) (5.04) (6.93) 

15 2329 3740 5151 6056.1 9724.6 13393.9 
(0.016) (0.025) (0.035) (2.71) (4.35) (6.00) 

Average increase per 75 120 164 196 312 426 
1 J.1lllm3 lower 
background level 

Table 2.3. Estimated chronic mortality impacts from PM lO 

Impacts, cases Damages, million ECU 
(% 1990 population) (% 1990 GDP) 

PM lO background Low Mid High Low Mid High 

5 12968 16425 19667 33717 42705 51135 
(0.09) (0.11) (0.13) (15.1) (19.1) (22.9) 

10 11522 14645 17594 29956 38076 45745 
(0.08) (0.10) (0.12) (13.4) (17.1) (20.5) 

15 10036 12803 15435 26093 33287 40130 
(0.07) (0.09) (0.10) ( 11.7) (14.9) (18.0) 

Average increase 293 362 423 762 942 1101 
per 1 J.lg/m- 3 Iower 
background level 
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Table 2.4. Estimated acute morbidity impacts from PM lO at different background levels 

Back- Number of cases Damage in 106 ECU 
ground 

level Low Mid High Low Mid High 

Hospital admissions for 749 1130 1517 4.946 7.459 10.012 
respiratory infections 10 657 991 1330 4.337 6.540 8.779 

Unit-value: 6600 ECU 15 565 852 1143 3.728 5.621 7.545 
per ~g' 18.46 27.85 37.38 0.122 0.184 0.247 

Hospital admissions for 5 973 1372 1771 6.422 9.055 11.688 
COPD 10 853 1203 1553 6.264 7.939 10.248 

Unit-value: 6600 ECU 15 733 1034 1335 6.106 6.824 8.808 
per ~g' 24 34 44 0.158 0.223 0.288 

Emergency room visits 5 3505 4352 5197 0.652 0.809 0.967 
for COPD 10 3074 3815 4557 0.572 0.710 0.848 

Unit-value: 186 ECU 15 2642 3279 3917 0.491 0.610 0.729 
per ~g' 86 107 128 0.016 0.020 0.024 

Emergency room visits 5 2418 3868 5198 0.450 0.719 0.967 
for asthma 10 2120 3992 4557 0.394 0.631 0.848 

Unit-value: 186 ECU 15 1822 2915 3917 0.339 0.542 0.729 
per ~g' 60 95 128 0.011 0.018 0.024 

Hospital visits for 5 13176 17589 23087 2.451 3.271 4.294 
childhood croup 10 11552 15421 20243 2.149 2.868 3.765 

Unit-value: 186 ECU 15 9929 13254 17399 1.847 2.465 3.236 
per ~g' 325 433 569 0.060 0.081 0.106 

Restricted activity days 5 15715532 24660537 38695792 980.649 1538.817 2414.617 
in adults 10 13779516 21622574 33928809 859.842 1349.249 2117.158 

Unit-value: 62.4 ECU 15 11843500 18584612 29161826 739.034 1159.680 1819.698 
per ~g' 387203 607593 953397 24.161 37.914 59.492 

Shortness of breath 5 719216 1438431 2157647 22.511 45.023 67.534 
days in asthmatics 10 630615 1261229 1891844 19.738 39.476 59.215 

Unit-value: 31.3 ECU 15 542014 1084027 1626041 16.965 33.390 50.895 
per ~gl 17720 35440 53160 0.555 1.109 1.664 

Symptom days 5 134112572 281038062 415150634 844.909 1770.540 2615.449 
Unit-value: 6.3 ECU 10 117591076 143416631 364007707 740.824 1552.425 2293.249 

15 101069581 211795200 312864781 636.738 1334.310 1971.048 
per ~g' 3304299 6924286 10228585 20.817 43.623 64.440 

'per Ilg: the increase in damages when the background level of PM 10 is lowered by Illg/m -3. 

an average increase per 1 Ilg/m -3 over the range from 5 to 15 Ilg/m -3 is shown. 
For morbidity impacts this increase is constant over the whole range of back­
ground levels. 

For the monetary valuation of mortality a figure of ECU 2.6 million for the 
Value of Statistical Life (VOSL) was used in the initial calculations which are 
presented below. These can be assumed to represent 1990 prices. In the Synthesis 
Report all the estimates were updated to 1995 prices. Unit-values that have been 
used to value morbidity impacts are also shown in the tables. 

These results can also be related to the number of deaths from respiratory 
and cardiovascular diseases in 1990, which are, respectively, 10,671 and 51,620 
(totalling 62,291). Using the estimates for a background level of 10 Ilg/m3 the 
above estimates for acute mortality represent 25.3% (low), 40.6% (mid) and 



Impact Assessment and Valuation: Health 143 

Table 2.5. Estimated chronic morbidity impacts from PM lO at different background levels 

Back- Number of cases Damage in 106 ECU 
ground 

level Low Mid High Low Mid High 

5 222390 345939 464547 30.712 47.774 64.154 
Chronic bronchitis 10 194993 303322 407319 26.929 41.889 56.251 

in adults 15 167596 260706 350091 23.145 36.003 48.348 
Unit-value: 138.1 ECU per I1gl 5479 8523 11440 0.757 1.177 1.581 

5 296520 469489 637517 40.949 64.836 88.041 
Respiratory illness 10 259991 411652 558980 35.905 56.849 77.195 

in adults 15 223462 353815 480444 30.860 48.862 66.349 
Unit-value: 138.1 ECU per I1gl 7306 11567 15707 1.009 1.597 2.169 

5 93656 177396 262237 12.934 24.498 36.215 
Chonic bronchitis 10 82119 155542 229932 11.341 21.480 31.754 

in children 15 70581 133689 197627 9.747 18.462 27.292 
Unit-value: 138.1 ECU per I1gl 2308 4371 6461 0.319 0.604 0.892 

5 113489 228081 344875 15.672 31.498 47.627 
Chronic cough 10 99508 199983 302390 13.742 27.618 41.760 

in children 15 85528 171885 259904 11.811 23.737 35.893 
Unit-value: 138.1 ECU2 per I1gl 2796 5620 8497 0.386 0.776 1.173 

lper I1g: the increase in damages when the background level of PM lO is lowered by 111g/m -3. 

2In the absence of a better figure the value for chronic bronchitis was used. 

55.8% (high) of the total deaths from respiratory diseases. Related to deaths 
from both respiratory and cardiovascular diseases they represent 4.34% (low), 
6.95% (mid) and 9.56% (high) of these deaths. 

Table 2.3 presents the estimated chronic mortality impacts from PM lO • This 
table is included for completeness. As discussed in the synthesis report, it is 
still very much unclear to what extent the estimates for acute and chronic 
impacts are additive. 

CBS (1993) gives an estimate of 29.9 days with temporary limitation of 
activity per person per year for the period 1990/1991 for persons of all ages, 
of which 4.1 days are spent in bed (permanently bed-ridden excluded). This 
estimate is based on a continuously conducted survey (every two weeks another 
sample) which asks respondents the following question: "During the past two 
weeks, have you cut down on the things you usually do because of illness or 
injury? If yes, for how many days was this in all during these two weeks". If 
applicable, the number of days spent in bed was asked for. 

Reported figures were converted to an annual figure by multiplying them 
by 26. Even though this figure includes all possible causes for restricted activity 
days it is interesting to compare them to the estimate for RAD's from PMlO 

made here. The figure of 29.9 days per person per year means a total of 445 
million days for the total popUlation. The number of days with limited activity 
for persons under 15 years of age is estimated at 12.6 days per person per year 
(CBS, 1993), which gives an estimated total of 34 million days for all persons 



144 Chapter 2 

under 15 years. This means a total of 411 million days with limited activity for 
adults (15 years and older). The mid estimate of RAD's in adults at a back­
ground level of 10 Ilg/m - 3 is approximately 22 million, or 5.3 % of the total of 
411 million restricted-activity days. 

From a health survey held in 1986, the percentage of persons aged 18 years 
and over that suffer from chronic bronchitis is estimated to be 5.2% (CBS, 
1989). Applying this percentage to all persons aged 15 years and over in 1990 
gives a total of 774,414 adults suffering from chronic bronchitis. The mid 
estimate for chronic bronchitis in adults at a background level of 10 Ilg/m-3 

PM lO made here is 303,322. This is 39% of the total number of adults suffering 
from chronic bronchitis. 

2.2. Costs arising from 0 3 

2.2.1. 0 3 concentrations 

The 1990 annual mean of the daily I-hour maximum 0 3 concentration at the 
monitoring stations ranged from 45 to 92 Ilg/m -3, with an average of 
73 Ilg/m -3. Linear interpolation was again used to construct a spatial contribu­
tion of concentrations. Results from the regional, city background and street 
stations were used for this purpose. This probably results in an underestimate 
of damages because it allows the generally lower 0 3 concentrations in urban 
areas and especially near busy streets to extend their influence into rural areas. 

However, we felt this was to be preferred to an overestimate which was 
likely to result if we had used only the regional background stations. A 
conversion factor of 0.5 was used to transform concentrations in Ilg/m -3 to 
concentrations in ppb. Given the uncertainty regarding the appropriate back­
ground level, impacts were calculated relative to three background levels: 20, 
25 and 30 ppb. 

2.2.2. Dose-response relationships for 0 3 

The common set of dose-response functions was used. For a discussion of 
these, the reader is referred to the Synthesis Report. 

2.2.3. Resultsfor 0 3 

Tables 2.6 and 2.7 below show the results of the calculations. The methodology 
and valuations used are the same as for PM lO • 

2.3 Costs arising from S02 

2.3.1. S02 concentrations 

A spatial distribution of annual mean S02 levels was constructed using the 
same procedure that was followed for PM lO and 0 3 concentrations. Only 
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Table 2.6. Estimated acute mortality impacts from 0 3 at different background levels 

Impacts, cases Damages, million ECU 
(% 1990 GDP) 

0 3 background Low Mid High Low Mid High 

20 212 317 422 550 824 1098 
(0.25) (0.37) (0.49) 

25 150 224 299 389 583 777 
(0.17) (0.26) (0.35) 

30 88 131 175 228 342 455 
(0.10) (0.15) (0.20) 

Average increase 12 19 25 32 48 64 
per 1 ~g/m-3Iower 
background level 

Table 2.7. Estimated acute morbidity impacts from 0 3 at different background levels 

Back- Impacts, cases Damages, 106 ECU 
ground 
(ppb) Low Mid High Low Mid High 

Hospital admissions for 20 1652 2202 2626 11 15 17 
respiratory infections 25 1167 1556 1856 8 10 12 

Unit-value: 6600 ECU 30 683 910 1085 5 6 7 
per ppb1 97 129 154 0.6 0.9 1.0 

Hospital admissions 20 1005 1602 2202 7 11 15 
for COPD 25 710 1132 1556 5 7 10 

Unit-value: 6600 ECU 30 415 662 910 3 4 6 
per ppb 59 94 129 0.4 0.6 0.9 

Hospital admissions 20 735 1438 2228 5 10 15 
for asthma 25 519 1048 1575 3 7 10 

Unit value: 6600 ECU 30 304 613 921 2 4 6 
per ppb 43 87 131 0.3 0.6 0.9 

Emergency room visits 20 4467 6831 9090 0.8 1.3 1.7 
for asthma 25 3157 4827 6424 0.6 0.9 1.2 

Unit-value: 186 ECU 30 1846 2823 3757 0.3 0.5 0.7 
per ppb 262 401 533 0.04 0.08 0.10 

Minor restricted 20 0 3,312,071 11,103,930 0 207 693 
activity days in adults 25 0 2,340,374 7,846,255 0 146 490 

Unit-value2: 62.4 ECU 30 0 1,368,678 4,588,580 0 85 286 
per ppb 0 194,339 651,535 0 12 41 

Asthma attacks in 20 1,611,577 2,569,692 3,523,393 50 80 110 
asthmatics 25 1,138,835 1,815,895 2,489,836 36 57 78 

Unit-value: 31.3 ECU 30 666,092 1,062,098 1,456,278 21 33 46 
per ppb 94,548 150,759 206,711 3.0 4.7 6.5 

Symptom days 20 6,986,530 13,713,337 20,466,117 44 86 129 
Unit-value: 6.3 ECU 25 4,937,091 9,690,647 14,462,557 31 61 91 

30 2,887,652 5,667,957 8,458,996 18 36 53 
per ppb 409,888 804,538 1,200,712 2.6 5.1 7.6 

lper ppb: the increase in impacts when the ozone background level is lowered by 1 ppb. 
2In the absence of a better figure, the value for Restricted Activity Days was used. 
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measurements from the regional stations were used, which may have resulted 
in an underestimate of concentrations, and hence physical impacts and dam­
ages, for urban areas. The annual mean S02 concentrations at the monitoring 
stations ranged from 5 ~g/m -3 to 34 ~g/m -3 with an average of 12 ~g/m -3. 
Impacts were all calculated relative to a background level of 1 ppb or 
2.63 ~g/m-3 S02' 

2.3.2. Dose-response relationships for S02 

The common set of dose-response functions was used. For a discussion of these 
functions refer to the Synthesis Report. 

2.3.3. Results for S02 

Table 2.8 gives the estimated impacts on mortality and their valuation while 
Table 2.9 shows the estimated morbidity impacts and their valuation. The 
estimated number of excess deaths is 912, which corresponds to a damage of 
ECU 2371 mn. - 1.06% of the 1990 Dutch GDP. Note that these estimates 
are not additive to the estimates for mortality from PM lO • The value of 
morbidity impacts ranges from only ECU 77,000 for emergency room visits 
for COPD to ECU 23 mn. for hospital admissions for chronic bronchitis or 
emphysema. In total, dam:lges from S02 are relatively small compared to those 
for PMlO . 

Table 2.S. Estimated acute mortality impacts from S02 

Damages, million ECU 
Impacts, cases (% 1990 GDP) 

Low Mid High Low Mid High 

317 824 
(1.06) 

Table 2.9. Estimated acute morbidity impacts from S02 

1m pacts, cases Damages, million ECU 

Hospital admissions 
for chronic bronchitis 
or emphyse 

Unit-value: 6600 ECU 
Emergency room visits 

for COPD 
Unit-value: 186 ECU 

Low Mid 

3433 

413 

High Low Mid High 

22.7 

0.077 
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3. NOISE 

3.1. Introduction 

A substantial percentage of the Dutch population experiences noise nuisance 
from one or more sources, as can be seen in Table 3.1. For instance, Table 3.1 
shows that no less than 20% of the Dutch population state thay they experience 
serious nuisance from road traffic. This high percentage can be explained by 
the very high population density and the very high car density in the 
Netherlands; the number of cars per 100 persons in the Netherlands is the 
highest in Europe. 

3.2. Valuation of noise by the hedonic method (road and rail) 

The figures in Table 3.1 are subjective nuisance scores and can not be used 
directly to calculate monetary damage. For a hedonic-price type calculation, 
the actual noise levels are needed. Data on number of houses in certain noise 
bands was obtained from a survey held in the second half of 1989 (de Jong 
et al., 1990). This survey was a follow up to a survey held in 1987 in which 
respondents (4061) were asked if they ever (at least once a year) heard noise 
from road traffic, rail traffic, air traffic or from industrial sources. 

Source 

Road traffic 
Industry 
Air traffic 
Rail traffic 
Domestic noise 

Table 3.1. Noise nuisance in the Netherlands 

Percentage of the Dutch population that experiences 
from this specific source 

Some nuisance 

48 
8 

28 
4 

40 

Serious nuisance 

20 
3 

11 
1 

15 

Source: IMP-M (1985). 

147 
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In the follow up survey in 1989 for those respondents who had indicated 
that they heard noise from one or more of these noises, the noise levels at the 
front side of their dwellings were established. Based on the results of the first 
survey, the noise levels were established for 3389 dwellings which suffered from 
noise from city road traffic, for 761 dwellings which suffered from highway 
traffic noise, and for 848 dwellings which suffered from rail traffic noise. Because 
of missing addresses not all dwellings were covered, but the number of dwellings 
missing is negligible: 13 for city road traffic, 9 for highway traffic and 3 for 
rail traffic. 

Noise levels were measured in dB(A) (more precisely as LAeq,24) and were 
obtained from the municipalities where these dwellings were located. If this 
information was not available they were calculated from other information 
provided by the municipalities. It was not always possible to calculate a precise 
noise level and sometimes levels had to be estimated. Results were presented 
in the following noise bands: :s;; 55 dB (A), 56-60 dB (A), 61-65 dB (A), 
65-70 dB(A), 71-75 dB(A) and > 75 dB(A). It was felt that the dwellings in 
the survey were representative for the Dutch housing stock (de Jong et al., 1990). 

In the tables below the results of this survey will be used to calculate the 
damage from road and rail traffic. The results of the survey are not suitable to 
calculate damages from air traffic, other sources were used here. The number 
of houses in a certain noise band was estimated by relating the number of 
houses in this noise band in the survey to the total number of houses in the 
survey (4061) and applying these percentages to the total stock of dwellings in 
the Netherlands at 31-12-1989, which was 5,802,361 dwellings (CBS, 1991b). 
Note that by doing so we implicitly assign to dwellings for which the noise 
level could not be established (the category 'unknown' in the tables below) a 
noise level of :s;; 55 dB (A) for which category damage is not calculated. This 
biases the results downwards. 

To calculate damages we will use the Noise Depreciation Sensitivity Index 
(NDSI) which gives the percentage change in house price per decibel. Nelson 
(1980, 1982), from a review of studies on noise levels and house price deprecia­
tion, comes to a best estimate for the NDSI of 0.40 for road traffic noise and 
0.50-0.55 for air traffic noise. The average house price in the Netherlands in 
1990 was Dfl 174,500 or ECU 75,476 (ECU 1 = Dfl 2.312). 

Therefore, house price depreciation per decibel is set at Dfl 0.004* 174,500 = 

698 (ECU 302) for road and rail traffic noise, and Dfl 0.005* 174,500 = 872.5 
(ECU 377) for air traffic noise. To calculate the annual value of the damage, 
following Jansen (1988) it is assumed that annual costs of housing are 8% of 
the house price. Annual damage per decibel then becomes 0.08 * 698 = Dfl 56 
(24 ECU) per decibel for traffic noise, and 0.08*872.5 = Dfl 70 (30 ECU) per 
decibel for air traffic. 

3.3. Valuation of noise by the hedonic method (aircraft) 

As noted above, the survey is not suitable for calculating the number of 
dwellings suffering from air traffic noise. Other sources were used here. For 
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Table 3.2. Calculation of annual damage from noise from city road traffic 

Noise band No. in % of No. in total Exceedence of Damage 
(dB(A)) sample 4061 dwelling stock 55 dB (A) (106 Dfl) 

:s:;55 1736 
56-60 290 7.14 414352 2 46.275 
61-65 196 4.83 280045 7 109.464 
66-70 208 5.12 297191 12 199.141 
71-75 30 0.74 42864 17 40.690 

>75 0.02 1429 20 1.595 
Unknown 928 

Total 3389 Dfl 397.166 
ECU 171.785 

Source: Calculated from data in de long et al. (1990). 

Table 3.3. Calculation of annual damage from noise from highway traffic 

Noise band No. in % of No. in total Exceedence of Damage 
(dB(A)) sample 4061 dwelling stock 55 dB(A) (106 Dfl) 

:s:;55 369 
56-60 52 1.28 74298 2 8.298 
61-65 62 1.53 88586 7 34.626 
66-70 20 0.49 28576 12 19.148 
71-75 0.02 1429 17 1.356 

>75 20 
Unknown 

Total 761 Dfl 63.428 
ECU 27.434 

Source: Calculated from data in de long et al. (1990). 

Table 3.4. Calculation of annual damage from noise from rail traffic 

Noise band No. in % of No. in total Exceedence of Damage 
(dB (A)) sample 4061 dwelling stock 55 dB(A) (106 Dfl) 

:s:;55 465 
56-60 48 1.18 68582 2 7.659 
61-65 45 1.11 64296 7 25.132 
66-70 8 0.20 11430 12 7.659 
71-75 8 0.20 11430 17 10.851 

>75 5 0.12 7144 20 7.978 
Unknown 269 

Total 848 Dfl 59.280 
ECU 25.640 

Source: Calculated from data in de long et al. (1990). 
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civil air traffic noise data was available for two airports: Schiphol Airport, 
which is by far the largest airport in the Netherlands and is located in a very 
densely populated part of the Netherlands, and for Maastricht Airport. These 
data relate to the situation existing in 1990. Data on noise levels around 
military airbases is available for 1979, so these figures may be a little outdated. 

One problem with these data is that in the Netherlands noise levels for air 
traffic noise are usually expressed in the so-called Kosten-Unit (Kosten­
Eenheid; KE). This unit was constructed by the Kosten Committee to take 
account of the special characteristics of air traffic noise, for instance, the peak 
loads caused by planes taking off. Since there is no direct relationship between 
the noise level expressed in dB(A) and that expressed in KE, conversion of 
noise levels in KE to noise levels in dB(A) remains a difficult task. Sol and 
Feenstra (1994) give Table 3.5 below which is based on comparing subjective 
nuisance scores with measured noise levels for both air traffic noise and road 
traffic noise, and on the work of Miedema (1988). We will use this Table for 
our calculations. 

Fortunately, the data for the most important source of air traffic noise 
(Schiphol airport) are expressed in dB(A), so conversion does not have to take 
place there. It has to be noted that all the noise levels used in the calculation 
for air traffic noise are not based on measurements of noise levels but on 
calculated noise contours. Tables 3.6 to 3.8 present the calculations for Schiphol 
Airport, Maastricht Airport and military airbases separately. 

3.4. Aggregation and conclusions 

Adding up the damages from the different sources results in a total annual 
damage of 291 million ECU. Note, however, that no account has been taken 
of accumulation of noise nuisance from different sources. For instance, in the 
case of road traffic de Jong et ai. (1990) tried to establish 3402 noise levels for 
dwellings suffering from city road traffic noise, and 770 noise levels for dwellings 
suffering from highway noise. This sums up to a total of 4172 dwellings. Since 
there were only 4061 dwellings in the survey, some dwellings must therefor 
suffer from both sources of noise. Adding up damages calculated for both 

Table 3.5. Conversion of noise levels in KE to noise levels in dB(A) 

25 50 
30 55 
35 60 
40 65 
45 70 

Source: Sol and Feenstra (1994). 
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Table 3.6. Calculation of annual damage from air traffic noise at Schiphol Airport 

Noise band 
(dB (A)) 

45-50 
50-55 
55-60 
60-65 
65-70 

>70 

Total 

No. of 
houses 

39176 
626668 
419511 
143626 
13377 

1032 

Source: Data on number of houses from V&W (1993). 

Exceedence Damage 
of 55 dB(A) (106 Dj1) 

2 58.564 
7 70.175 

12 11.205 
15 1.081 

Dfl 141.024 
ECU 60.997 

Table 3.7. Calculation of annual damage from air traffic noise at Maastricht Airport 

Noise band Noise band Number of Exceedence Damage 
inKE in dB(A) houses of 55 dB (A) (106 Dfl) 

20-25 <50 16673 
25-30 50-55 12380 
30-35 55-60 3853 2 0.538 
35-40 60-65 1783 7 0.871 
40-45 65-70 1623 12 1.359 
45-50 >70 770 15 0.806 
50-55 >70 389 15 0.407 
55-60 >70 77 15 0.081 
60-65 >70 5 15 0.005 

>65 >70 15 

Total Dfl 3.575 
ECU 1.546 

Source: Data on number of houses from V&W (1990). 

Table 3.B. Calculation of annual damages from noise from military airbases 

Noise band Noise band No. of Exceedence Damage 
in KE in B(A) houses of 55 dB(A) (l06 Dfl) 

35-40 60-65 6502 7 3.177 
40-45 65-70 2965 12 2.483 
45-50 >70 2173 15 2.275 
50-55 >70 1199 15 1.255 
55-60 >70 297 15 0.311 
60-65 >70 382 15 0.400 

>65 >70 130 15 0.136 

Total Dfl 7.935 
ECU 3.432 

Source: Data on number of houses from Ministry of Defence (1981). 
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sources of noise separately therefore leads to overestimation of damages, 
because the aggregate noise level from two sources is not simply the sum of 
noise level from the individual sources. (For instance the aggregate noise level 
from two sources each with a noise level of 55 dB(A) equals 58 dB (A).) 

However, since data on the individual dwellings were not available, correct­
ing for this double counting was not possible. On the other hand damages 
were not calculated for the categories unknown in the tables, which leads to 
an underestimation of damages. It is therefore felt that, as long as accumulation 
of noise from different sources is not too frequent, the estimate may be consid­
ered to be reasonably reliable. 



CHAPTER 4 

DAMAGE TO CROPS 

4.1. Introduction 

Damage to agriculture from SOz was calculated for the following crops: winter 
and summer wheat, winter and summer barley, rye and peas. Also damage 
from 0 3 to wheat was calculated but given data limitations this last result can 
only be considered as a very rough first estimate. 

4.2. Crop yield data 

Data on area cultivated of each crop in 1990 were obtained from the Dutch 
Central Bureau of Statistics (CBS). These data give the area cultivated (in ha) 
for each municipality in the Netherlands (672 in 1990). Yield per ha is estimated 
each year for each province (12) by special committees, and is published by 
the CBS (CBS, 1991a). By combining area cultivated per municipality with the 
estimated yield per ha of the province the municipality belongs to, the yield 
per municipality can be calculated. Table 4.1 shows the estimates which were 
thus obtained for total yield of the crops studied. 

4.3. S02 Concentrations and background levels 

The spatial distribution of S02 concentrations was calculated from the 1990 
mean summer period concentrations. This summer period runs from April up 

Table 4.1. Estimated total yields in 1990 in the Netherlands 

Crop Area cultivated in ha Estimated yield in 103 kg 

Winter wheat 135120 1042825 
Summer wheat 5524 33390 
Winter barley 9950 54785 
Summer barley 30466 164133 
Rye 8614 36106 
Peas, fresh harvested 1 7677 42842 
Peas, dry harvested 10851 57419 

1 No specific data on yield per ha available, the yield per ha of dry harvested peas is used. 

Source: Calculated from data from CBS (pers. comm.) and from CBS (l991a). 
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to and including September. Although this period does not exactly correspond 
with the period which is usually taken as the growing season it was felt that, 
in the absence of data for the growing season, it was more appropriate to use 
these concentrations than mean annual concentrations. Only the results of the 
regional stations were used. The average concentration at these stations was 
to.3 Jlg/m- 3 (3.9 ppb), and ranged from 4 to 28 Jlg/m- 3 (1.5 to 10.6 ppb). 

The spatial distribution was constructed by linear interpolation using the 
SPANS Geographical Information System with the nearest neighbourhood 
method on a 5 * 5 km2 grid surface. The outcomes for each grid were used to 
calculate an area weighted concentration for each municipality. Because the 
dose-response relationships use concentrations in ppb, the original data which 
gave concentrations in Jlg/m -3 were converted to concentrations in ppb by 
multiplying them by 0.38. The background concentration used is 1 ppb. 

4.4. Dose-response relationships 

The following dose-response relationships were used. These were taken from 
the ExternE study of the coal fuel cycle (CEC, 1995c): 

Baker 1: y = -0.69(S02) + 9.35 (1) 

Baker 2: y = 0.74(S02) - 0.055(S02)2 (S02 :::;; 13.6 ppb) (2) 

Y = -0.69(S02) + 9.35 (S02 > 13.6 ppb) 

Roberts 1: y = -0.18(S02) + 2.75 (3) 

Roberts 2: y = 0.20(S02) - 0.013(S02)2 (S02 :::;; 15.3 ppb) (4) 

Y = -0.18(S02) + 2.75 (S02 > 15.3 ppb) 

Weigel 1: y = 4.92 - 0.74(S02) (5) 

Weigel 2: y = 10.92 - 0.89(S02) (6) 

Weigel 3: y = -0.93 - 0.60(S02) (7) 

where: y = % yield loss 

S02 = S02 concentration in ppb. 

Equations (1) and (2) are based on work by Baker et al. (1986), equations (3) 
and (4) on the work by Roberts (1984), and relationships (5), (6) and (7) on 
the work by Weigel et al. (1990). Equations (1) to (6) were applied to wheat, 
barley and rye. Equation (5) and (7) were applied to peas. To correct for the 
losses which are already implicit in the estimated yields and yield loss at the 
background concentration, yield loss was calculated using the next equation, 

( 100 + Y(Cb)) 
AY= 1- 100+y(c) . Y(c) (8) 

where: 
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L1 Y = yield loss 
y(cb ) = % yield loss at background concentration 
y(c) = % yield loss at existing concentrations 
Y(c) = yield at existing concentrations. 

4.5. Results 

4.5.1. Resultsfor S02 

Results of the calculations are shown in Table 4.2. The international prices 
used to value these impacts are (cf. prices in Rotterdam), the daily average over 
1990 (see Table 4.3). There are no big differences between these prices and 
prices in other European ports. The differences are in the order of a few ECD It. 

Table 4.2. Estimated impacts on agricultural yields from S02 for 1990 

Crop Baker 1 Baker 2 Roberts 1 Roberts 2 Weigel 1 Weigel 2 Weigel 3 

Winter wheat 103 kg -15300 10538 -4166 3042 -17156 -19601 
% -1.46 1.01 -0.40 0.29 -1.65 -1.88 

Summer wheat 103 kg -391 278 -107 80 -439 -501 
% -1.17 0.83 -0.32 0.24 -1.31 -1.50 

Winter barley 103 kg -494 389 -135 110 -554 -632 
% -0.90 0.71 -0.25 0.20 -1.01 -1.15 

Summer barley 103 kg -2315 1577 -630 456 -2596 -2966 
% -1.41 0.96 -0.38 0.28 -1.58 -1.8 

Rye 10' kg -228 190 -63 53 -255 -291 
% -0.63 0.52 -0.17 0.15 0.71 -0.81 

Green peas 103 kg -695 -595 
Fresh harvested % -1.62 -1.39 
Green peas 103 kg -819 -701 
Dry harvested % -1.43 -1.22 

A negative number refers to a yield loss, a positive number to an increase in yields. Best estimates 
are in italics. 

Table 4.3. Prices used to value impacts on agriculture 

Domestic prices! International prices! 

Dfl/100kg (VAT inel) ECU/t $US/t ECU/t 

Soft wheat 38.20 165.22 190 150 
Barley 40.40 174.74 192 151 
Rye 36.80 159.17 146 115 
Green peas 57.00 246.54 

! Exchange rates used: $US 1 = ECU 0.787 and Dfl 1 = 0.433 ECU. 

Source: Agricultural Economics Research Institute (The Hague), ExMis Database, based on 
EUROSTAT data (NIMEX Trade Statistics), and personal communication. 
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Note that there can be large differences in the quality of soft wheat. The average 
landing prices for wheat from third countries over all European ports was only 
170 $US/t. Rotterdam prices were higher (190 $US/t), despite the fact that 
Rotterdam has (together with Hamburg) the lowest shipping rates in Europe. 
International trade in green peas is negligible, so here damage is not valued at 
international prices. Domestic prices are represented by average producer 
pnces. 

A negative number refers to a yield loss, a positive number to an increase 
in yields. Best estimates are in italics. 

Table 4.4 below shows the monetary value of the damages to agriculture 
using the prices given above and the range of best estimates of physical damage 
presented in Table 4.2. 

4.5.2. Resultsfor 0 3 

For damage from 0 3 only a very rough estimate can be calculated. The dose­
response functions require the seasonal 7 or 8 hour/day mean concentration 
of 0 3 , Since we do not have these concentrations from the regional stations at 
our disposal we cannot calculate a spatial distribution of these concentrations. 
However, from RIVM (1994a) we do know the average national seasonal 7 
hour/day mean 0 3 concentration of the regional stations for 1990 which was 
83 Ilg/m-3 (measured from May upto and including September, from 10 a.m. 
to 5 p.m.). Since 1990 was characterised by frequent periods of summer smog 
this cannot be considered a representative figure for all years, for instance in 
1992 this figure was 68 Ilg/m -3 and for 1993 it was 58 Ilg/m -3 (RIVM, 1991, 
1994a, 1994b). 

The EXTERNE report (EC, 1995c) gave the following dose-response rela­
tionships for ozone: 

Sommerville et al. (1989): 

Yr = exp {-(03/272)2.S6} 

Skarby et al. (1994): 

Yr = 1.0 + 0.0004(03) - 0.00001875(03? 

(9) 

( 10) 

Table 4.4. Range of monetary values for damage to agricultural yields from S02 

Wheat 
Barley 
Rye 
Green peas 

Domestic prices (106 ECU) 

0.706-3.321 
0.134-0.629 
0.010-0.046 
0.319-0.373 

N.B. Based on best estimates from Table 4.2. 

International prices (106 ECU) 

0.641-3.015 
0.116-0.543 
0.007-0.034 
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A Swiss report on air-borne agricultural damage gave the following dose­
response relationship: 

Fuhrer et al. (1989): 

Yr = exp {-(03/0.144)2.89} 

Finally, a Dutch study gave the following dose-response relationship: 

Van der Eerden et al. (1987, 1988) 

R = 0.075(03) - 5.0 

( 11) 

(12) 

In the equations Yr stands for the relative yield and 0 3 stands for the 
seasonal 7 (equation 1) or 8 (equation 2) hour/day mean 0 3 concentration 
in J..lg/m -3 (or in ppm in the Fuhrer equation). The R in the Van der Eerden 
equation is percentage yield reduction. These equations were applied only to 
wheat because experiments have shown that barley is not sensitive to 0 3 (EC, 
1994). We have applied both functions to winter wheat using the average 
national seasonal 7 hour/day mean 0 3 concentration. Damages were calculated 
using a background level of 60 J..lg/m -3 because according to Van der Eerden 
et al. (1987) no adverse effects are to be expected below that level. 

The results are shown in Table 4.5 and indicate that impacts from 0 3 on 
winter wheat are considerably higher than impacts from S02' This suggests 
that in future research it is recommendable to focus on damages from 0 3 
instead of damages from S02, especially given the rather low S02 concen­
trations in the Netherlands. It has, of course, to be kept in mind that the 
estimate given here has to be regarded as a rough first estimate. 

For other crops there is scarce and sometimes contradictory evidence. For 
example, with the d/r relationship of Fuhrer et al. (1989) (Yr = 
exp {-(03/0.179)3.95)), maize yield reduction can be calculated as 0.2%, while 
the Van der Eerden et al. (1987, 1988) relationship (R = 0.200(03) -11.7) gives 
a 4.1 % yield reduction. For peas the same applies: Damage calculated using 
the Van der Eerden relationship (R = 0.300(03) - 17.7) is much lower than 
that using the Fuhrer relationship (Yr = exp { -(03/0.287)1.77}): the first gives 
a 1.3% yield loss, the latter a 6.4% loss. (NB. Data not given in Table 4.5). 

This amounts to a financial loss of, respectively, about 190,000 ECU and 

Table 4.5 Estimated impacts from 0 3 on winter wheat yields 

Dose-response 
function used 

Sommerville et al. 
Skiirby et al. 
Fuhrer et al. 
Eerden et al. 

Yield loss in 103 kg 
(% of total yield 
in 1990) 

-26017 (2.5) 
-49925 (4.8) 
-16635 (1.6) 
-17768 (1.7) 

Monetary value in 106 ECU 

Domestic prices International prices 

-4.299 -3.903 
-8.249 -7.489 
-2.748 -2.495 
-2.936 -2.665 
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about 909,000 ECU. Potatoes is an important crop in the Netherlands. 
Unfortunately, we have only one d-r relationship (by van der Eerden: R = 
0.200(03 ) - 11.7). According to this d/r relationship potato yield would be 
reduced by 4.4% given the prevalent ozone concentrations in 1990. This would 
cause a financial loss of about 34 mn. ECU. 

For other crops (e.g. tomatoes, spinach) and pasture, there is evidence of 
damage by increased ozone concentrations but the quantification of that 
damage is not yet very reliable. Keeping this in mind, it can be noted RIVM 
has quoted in its at the time influential publication 'Concern for Tomorrow' a 
damage figure of Djl 400 million (ECU 173 mn.) for ozone damage to agricul­
ture (RIVM, 1989). 



CHAPTER 5 

DAMAGE TO MATERIALS 

5.1. Introduction 

To calculate damage to materials from S02 a model developed by Gosseling 
et al. (1990) was used. Materials included in this model are painted steel, 
galvanised steel, duplex steel, galvanised and painted steel, and sheet zinc. Two 
types of damages are taken into account: (i) costs of increased replacement of 
materials, and (ii) increased maintenance. Below their methodology is outlined 
and results of the calculations are presented. 

5.2. Dose-response relationships 

The following dose-response relationships that relate S02 concentrations to 
physical damages were used: 

Non-painted galvanised steel and sheet zinc 

The relation between the S02 concentration and the decrease of the zinc layer 
or, in the case of sheet zinc, the thickness of the sheet, is: 

Zn dec = 0.033 * S02 

where: Zn dec = decrease zinc layer (f..lm/year); S02 = annual mean S02 concen­
tration (f..lg/m -3). 

This is a very rough approximation by Jansen and Olsthoorn, (1982). The 
authors claim that more recent dose-response relationships, for example those 
of the US NAPAP research (Baedecker, 1989), include variables (deposition 
velocity, time-of-wetness, etc.) which may be so site specific (and unknown) 
that they cannot be used in a more global model. The d-r relationship is in 
the middle range of d-r relationships presented in the UK Building Effects 
Review Group Report (Everett et al.; fig. 7.1). 

159 
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Painted steel 

The relation between the S02 concentration and the protection period of paint 
on steel is: 

B= 10 

B = 10.2 - 0.02*S02 

T:::;; 10 

T> 10 

where: B = protection period in years; S02 = annual mean S02 concentration 
(~g/m -3). 

It is assumed that paint on steel is unaffected by air pollution in the first 
ten years after it comes into use. This is based on empirical facts, plausible 
because paint can be more effectively applied to steel in factory conditions 
than 'on the spot'. On the physical-chemical side d-r relationships for paints 
are far more complex than those for zinc. NAPAP did not succeed in finding 
analytical d-r relationships. Baedecker (1989; 2-109) concludes that "there is 
no short term solution for developing models for predicting atmospheric corro­
sion rates". 

5.3. Damage relationships 

The dose-damage relationships relate the physical damage due to S02 to 
economic damage. Two types of damage have been taken into account: (i) costs 
of increased replacement of materials; and (ii) increased maintenance. 

Damage due to increased replacement may be relevant for 'maintenance free' 
galvanised steel and for sheet zinc. The general equation is: 

D = 1/L(S02) - 1/E( 10) for D > 0 

where: D = annual damage (106 Dfljyear); 1 = replacement value of object 
(106 Dfljyear); L(S02) = technical life (years) as a function of annual mean 
S02 concentration; E(lO) = economic life (years) in reference situation, taken 
by Gosseling et al. (1990) to be the situation with an S02 concentration of 
10 ~g/m-3 (3.8 ppb). 

This equation states that damage will occur if the technical life of materials 
falls short of economic life due to increased air pollution. 

'Maintenance free' galvanised steel has an initial thickness of 70 ~m. It has 
to be replaced if thickness has reduced to 25 ~m, i.e. a reduction of 45 ~m. The 
physical d-r relationship is Zn dec = 0.033 * S02, therefore, L(S02) = 
45/(0.033*S02). Annual damage can be expressed as: 

D = 1*(0.033*S02/45) - 1/E(1O), 

where: E(10) is object dependent. 
For sheet zinc economic life in the reference situation has been put at 
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30 years. The function L(S02) is then estimated to be: 

L(S02) = 31 - S02/10 for S02> 10. 

Damage can then be expressed as: 

D = 1*(1/(31 - 0.1 *S02) - 0.033). 

For maintenance damages attributable to air pollution, the d-r relationship for 
painted steel, duplex steel and heating pipes in greenhouses is: 

D = [K* T/LJ * [(L- Z)/B(S02) - (L - Z)/B(10)J 

where: K = maintenance costs (Dfl/m2); T = stock at risk (106 m2); L = eco­
nomic life of the object (years); Z = service period (years) of initially applied 
coating. This service period is not related to S02 concentrations; B(S02) = 
service period of coating as a function of S02 concentration. 

For galvanised and painted steel it is assumed that the initially applied 
coating can be corroded by S02' Therefore the formula becomes: 

D = [K * T/LJ * [(L - Z(S02))/B(S02) - (L - Z)/B( 10)J. 

Together with the following assumptions: 

1. Zn dec = 0.033 * S02; 
2. Standard thickness zinc layer = 70 11m; 
3. Painting is necessary with 5% corrosion; and 
4. This corrosion occurs at a reduction of the zinc layer with 35 11m. 

The above formula then becomes: 

D = [K* T/LJ * [(L - 35/(0.033 * S02))/B(S02) 

- (L - 35/0.33)/B(10)]. 

Table 5.1 presents some materials and objects sensitive to air pollution. Per 
material/object the type of damage is indicated together with some economic 
parameters. 

5.4. Stock at risk 

The approach taken to estimate the surfaces of the sensitive materials is: 

1. Define in which objects these materials may be present. 
2. Estimate the quantities of objects in the most appropriate dimension 

(depends on available data). 
3. Break down objects quantities into type of material and type of protection. 

For example, split up steel door frames into painted and galvanised ones. 
4. Use coefficients to translate quantities to appropriate dimensions. For 

example, translate tons of steel window frames into square metres of 
exposed surfaces. 
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Table 5.1. Objects and materials sensitive to S02, damage 

Material/object (dimension) 

Painted steel (surface) 

Galvanised and painted steel 
(surface) 

Duplex steel (surface) 

Galvanised 'maintenance 
free' steel (replacement 
value) 

Seet zinc (replacement value) 
Greenhouse galvanised 

palisades (surface) 

Greenhouse heating pipes 
(surface) 

Type of damage 

Increased maintenance 
(painting) 

Shortening of service period of 
initial protection and, after 
that, increased maintenance 

Increased maintenance 
(painting) 

Increased replacement 

Increased replacement 
Shortening of service period of 

initial protection and, after 
that, increased maintenance 

Increased maintenance 

Parameters 

- Economic life: 50 years 
- Costs of painting: 42 Dfl/m2 

- Protection period of initial 
paint layer: 10 years 

- Economic life: 50 years 
- Costs of painting: 25 DfIJm2 

- Thickness zinc layer: 70 J.lm 
- Painting at: 35 J.Iffi 
- Economic life: 50 years 
- Costs of painting: 20 DfIJm2 

- Protection period of initial 
paint layer: 10 years 

- Economic life: 15 years 
- Thickness initial layer: 70 J.Iffi 
- Replacement at: 25 J.Iffi 
- Economic life: 30 years 
- Economic life: 17 years 
- Costs of painting: 40 DfIJm2 

- Thickness initial layer: 70 J.Iffi 
- Painting at: 35 J.Iffi 
- Economic life: 17 years 
- Costs of painting: 42 DfIJm2 

- Protection period of initial 
paintlayer: 10 years 

Table 5.2 presents the objects in which the materials are present and a break­
down of the proportions of different materials present. 

The total exposed surfaces (TES) are calculated using the following equation: 

TES = annual use * specific surface * life span 

*exposition coefficient. 

Annual use was estimated on the basis of production statistics corrected for 
import and export of the Central Bureau of Statistics (CBS) over the period 
1977-1983. The economic life span of the objects was estimated at 50 years, 
which is a usual rule of thumb in the construction industry. Specific surfaces 
of the objects were taken from Olsthoom (1979). Exposition coefficients have 
been estimated on the basis of expert judgement. For residential construction 
an exposition coefficient of 0.10 was used. 

After calculation of the national stock at risk, the objects were divided over 
20 so-called COROP regions. These are regions constructed by the CBS based 
on certain variables like socio-economic and demographic characteristics. For 
the calculations some of these regions were taken together. Per object different 
distribution keys were used: population, employment, length of road network, 
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Table 5.2. Breakdown of objects by different materials 

Objects 
Painted 
steel 

Windows, frames, doors 0.05 
Garage doors 0.05 
Facades and fronts 0.05 
Sheds and warehouses 0.05 
Skeletons 0.05 
Bridges 
Containers 
Railway coverings 
Railway gantries 
Railway semaphones 
Pipelines 
Chemical industry 
Steel industry 
Food industry 
Utilities 
Balconies and galleries 
Lampposts 
Greenhouses (pallisades) 
Greenhouses (heating pipes) 
Pylons 
Fences (106 Dfl) 
Traffic posts (106 Dfl) 
Crash barriers (106 Dfl) 
Sheet zinc (106 Dfl) 

Source: Gosseling et al. (1990). 

Galvanised 
steel 

Duplex 
steel 

0.15 
0.15 
0.15 
0.15 

Painted and 
galvanised 
steel 

0.95 
0.8 
0.8 
0.8 
0.8 
1 

Sheet 
zinc 

water surface, length of railway network, and surface of greenhouses. Table 5.3 
gives the resultant stock at risk per region 

5.5. Results 

The model described above was used to calculate damages to materials using 
annual mean S02 concentrations for 1990. The results of the regional stations 
were used to calculate the spatial distribution of the S02 concentration on a 
5 * 5 km2 grid surface using linear interpolation. The results were then used to 
calculate an average concentration for each COROP region, which was used 
to calculate damages. The background level used was 1 ppb S02. The results 
are shown in Table 5.4. These results sum up to a grand total of 43.068 
million ECU. 

Gosseling et al. (1990) point out that the reliability of the model calculations 
is very limited, due to the many assumptions and estimates concerning the 
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Table 5.3. Stock at risk per region 

Galvanised 
Painted and Duplex Galvanised Sheet Greenhouse Greenhouse 
steel painted steel steel zinc heating pallisades 
1<f m2 steel 106 m2 1<f m2 1<f Dfl 106 Dfl pipes 106 m2 106 m2 

Groningen 0.54 4.42 0.21 59 438 0.04 0.08 
Friesland 0.50 5.73 0.19 66 466 0.04 0.08 
Drente 0.38 2.04 0.15 53 335 0.04 0.08 
Kop Overijssel 0.30 2.22 0.12 41 278 0.04 0.08 
Twente 0.83 3.43 0.31 83 539 0.04 0.08 
Veluwe 0.50 3.98 0.20 60 539 0.15 0.30 
Achterhoek 0.41 1.85 0.15 48 278 0.11 0.23 
Betuwe 0.71 3.80 0.28 74 636 0.11 0.23 
Utrecht 0.70 3.58 0.28 66 729 0.11 0.23 
Kop N-Holland 0.24 2.18 0.11 34 415 0.32 0.64 
Zaanstreek 1.89 8.37 0.72 152 1383 0.32 0.64 
Leiden e.o. 1.02 5.08 0.41 90 1191 3.42 6.84 
Rijnmond 1.71 9.40 0.65 144 1261 0.29 0.59 
Zeeland 0.35 11.16 0.13 51 277 0.04 0.08 
Baronie 0.63 3.16 0.24 61 421 0.09 0.18 
Tilburg 0.45 2.03 0.17 44 331 0.09 0.18 
Oss 0.59 2.50 0.22 60 404 0.09 0.18 
Eindhoven 1.08 3.85 0.39 92 489 0.09 0.18 
Venray 0.57 2.54 0.21 61 357 0.44 0.89 
Z-Limburg 0.70 2.76 0.26 62 488 0.09 0.18 
Total 14.05 84.05 5.40 1400 11250 6.00 12.00 

Source: Gosseling et al. (1990). 

Table 5.4. Damage to materials (1<f ECU) from S02 in 1990 by region and material 

Galvanised Greenhouse 
Painted and painted Duplex Galvanised Sheet heating Greenhouse 

Region steel steel steel steel zinc pipes pallisades 

Groningen 
Friesland 
Drente 
Kop Overijssel 
Twente 
Veluwe 
Achterhoek 
Betuwe 
Utrecht 
Kop N-Holland 6 1946 1 273 1 691 
Zaanstreek 8 2372 2 319 13 14899 
Leiden e.o. 21 6198 4 431 2 1808 
Rijnmond 5 8664 1 110 0 304 
Zeeland 9 2414 2 164 1 641 
Baronie 2 519 0 67 0 215 
Tilburg 
Oss 
Eindhoven 
Venray 2.39 656 0 97 0 200 
Z-Limburg 

Total 53 22769 10 1460 17 18759 
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model parameters. They argue that if it is judged important to have more 
accurate assessments, it might be considered to take a more 'statistical' 
approach, i.e. to compare actual maintenance costs in 'polluted' and 'clean' 
areas. So. the results should be considered to give an order of magnitude 
estimate, rather than a very accurate estimate. 



CHAPTER 6 

6. DEFENSIVE EXPENDITURES 

6.1. Introduction 

In this chapter some figures on costs incurred in improving air quality and in 
noise abatement are presented. These figures are collected by the Dutch Central 
Bureau of Statistics (CBS) and are published in Costs and Financing of 
Environmental Protection (Kosten en Financiering van het Milieubeheer; In 
Dutch). These statistics include all costs made with the intention to protect, 
restore or improve the state of the environment. These costs are calculated for 
different sectors of the economy like the government, households, private 
companies etc. A difference is made between the so-called 'costs of own environ­
mental activities' of a sector and the 'net environmental burden' of a sector. 
The first consist of the interest and depreciation on environmental investments 
and current expenses for environmental activities. The net environmental 
burden is obtained when the first is corrected for transfers from one sector to 
the other as shown in Table 6.1 below. Many environmental investments made 
by private companies are subsidised by the government. Correcting for these 
transfers gives a more accurate picture of the costs actually borne by a sector. 
Figures are obtained through surveys, analysis of accounts and calculations 
(de Boo, 1993; Dietz, 1994b). Below we will use the figures as presented in 
Dietz (1994a,b,c). 

6.2. Air pollution 

Dietz (1994b) gives a figure ofDjl3160 mIn (1367 mIn ECU) for total environ­
mental investments in 1990. This figure is not broken down into investments 
for separate environmental compartments. However, for 1991 disaggregated 

Table 6.1. Calculation of the net environmental burden of a sector 

Costs of own environmental activities + 
--> Paid levies, subsidies and payments for environmental services by third parties 
--> Received levies, subsidies and payments for environmental services performed 

for third parties 
--> Net environmental burden 
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figures are given. Of the total environmental investments in 1991 (Dfl 
3173 mIn), 38% (Df11207 mIn) was for investments in air quality. Assuming 
that this percentage is the same each year, a figure of Dfl 1203 mIn (520 mIn 
ECU) for investments in air quality in 1990 can be calculated. This corresponds 
to 0.2% of the 1990 GDP. 

Table 6.2 shows the costs of activities for abating air pollution for the period 
1987-1991. As can be seen from this table there has been a steady rise in these 
costs over the years, from Dfl 929 mIn in 1987 to Dfl 1589 mIn in 1991. In 
1990 costs were Dfl 1420 million or 614 mIn ECU. For the most part these 
costs are borne by the sectors private companies and traffic. Dietz (1994b) does 
not give data on the net environmental burden for 1990 but does give data for 
1991, (see Table 6.3). As can be seen from this table, looking at the net environ­
mental burden results in higher costs for the government sector and lower 
burden for all other sectors. The results for the households' sector and the 
traffic sector are not much influenced. 

Detailed figures on environmental investments and costs for the sector traffic 
are calculated by Dietz (1994a). In 1990, investments in air quality by this 
sector totalled Dfl677 mIn or 293 mIn ECU. For the largest part (Dfl 649 mIn; 
96%) these were adjustments of cars and fuels to comply with environmental 
standards, like the catalyst convertor. The costs made by the sector traffic for 
abating air pollution were Dfl 521 mIn (225 mIn ECU). The most important 

Table 6.2. Breakdown of environmental expenditures for air pollution abatement 

Private 
Year companies Government Households Traffic Total 

1987 555 69 4 300 929 
1988 643 60 3 340 1046 
1989 728 77 3 409 1217 
1990 791 106 3 521 1420 
1991 849 102 3 635 1589 

Source: Dietz (1994b). 

Table 6.3. Environmental expenditures on air pollution abatement and net environmental burden 
(NEB) for 1991 (millions of guilders) 

Sector Expenditure NEB 

Government 102 186 
Private companies 849 786 
Households 3 -10 
Traffic 635 628 
Not divided 0 

Total 1589 1589 

Source: Dietz (1994b). 
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categories were adjustment of vehicles (40%), non-leaded petrol (41 %) and 
low-sulfur content diesel (16%). A separate figure for the net environmental 
burden of costs made for improving air quality is not given, only for all costs. 
However, as can be seen from Table 6.3 for 1991, the difference between the 
costs of own environmental activities and the net environmental burden for 
abating air pollution is very small for this sector. 

6.3. Noise abatement 

Dietz (1994b) does not give a separate figure for investments in noise abatement 
in 1990. The figure ofDfl166 mIn he gives for 1991 is 5.2% of total environmen­
tal investments in 1991. Applying this percentage to total environmental invest­
ments in 1990 a figure of Dfl 163 mIn (72 mIn ECU) can be calculated for 
1990. This is 0.03% of the 1990 GDP. 

Table 6.4 shows the costs of noise abatement activities for the period 
1987-1991. As can be seen from this table these costs have risen from Dfl 
389 mIn in 1987 to Dfl 515 mIn in 1991. In 1990 costs were Dfl 474 million 
or 205 mIn ECU. This corresponds to 0.09% of the 1990 GDP. For the most 
part these costs are borne by the government sector and the sector traffic. 
Again, no data is given on the net environmental burden for 1990 but is given 
for 1991, see Table 6.5. As can be seen from this table, looking at the net 
environmental burden results in higher costs for the government sector and 
lower burden for all other sectors. The differences are quite small. 

Costs for the traffic sector have been investigated in further detail in Dietz 
(1994a). He calculates a total of Dfl 122 mIn (53 mIn ECU) for 1990 by this 
sector, all related to adjustments of vehicles (65%), airplanes (34%) and rail 
equipment (1%). Costs of noise abatement from traffic were Dfl 315 mIn 
(136 mIn ECU; 0.06% of 1990 GDP). 61 % of these costs were related to road 
traffic, 36% to air traffic, and 3% to rail traffic. 37% of these costs were bourne 
by the government, the rest was born by the sector traffic. 

Government expenditures and revenues related to noise abatement have 
been investigated by Dietz (1994c). Total expenditures in 1990 were Dfl 227 

Table 6.4. Environmental expenditure for noise abatement 

Private 
Year companies Government Households Traffic Total 

1987 60 184 0 144 3S9 
1988 67 186 0 153 406 
1989 70 177 0 172 420 
1990 74 203 0 198 474 
1991 75 214 0 226 515 

Source: Dietz (1994b). 
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Table 6.5. Environmental expenditures on noise abatement and net environmental burden (NEB) 
for 1991 Df mn) 

Sector Expenditure NEB 

Government 214 240 
Private companies 75 65 
Households 0 0 
Traffic 226 211 
Not divided 0 

Total 515 515 

Source: Dietz (1994b). 

million (98 mIn ECU); 0.04% of 1990 GDP). See Table 6.6 for more details. 
Revenues were Dfl 25 mIn (11 mIn ECU). These came from a levy on civil air 
traffic. Levies related to noise nuisance from road traffic and industry have 
been abolished in 1988. Total government expenditures over the period 
1979-1993 (in current prices) were Dfl 2.8 billion (1.2 billion ECU). Dietz 
combines this figure with data on the number of dwellings which have been 
remediated to derive a rough estimate of the costs per dwelling remediated. 
For road traffic he calculates a figure of about Dfl 7000 (about 3000 ECU), 
for rail traffic a figure of about Dfl 30,000 (about 13,000 ECU) and a figure 
of about Dfl 89,000 (about 38,000 ECU). 

Table 6.6. Expenditures of Central Government for noise abatement in 1990 (millions of guilders) 

Road traffic 

Industry 
Rail traffic 
Air traffic 

Subsidies for development 

Total 
expenditures 

95 

13 
9 

57 

of silent technologies 20 
Allowances to lower 

government 28 
Miscellaneous 6 

Source: Dietz (1994c). 

Of which 

Prevention and remediation 
New roads 

Civil air traffic 
Military air traffic 

60 
35 

24 
33 



CHAPTER 7 

7. RESULTS AND CONCLUSIONS 

The Dutch case study assessed the monetary damage to health, materials, and 
crops due to 1990 concentrations of PMlO , S02 and 03' It also assessed the 
monetary damage of noise nuisance due to road, rail and air traffic. Table 7.1 
presents a brief summary of the results of the study. 

Health damage stands out as the major category of environmental damage 
in economic terms. The estimate of health damage excludes chronic mortality 
impacts from PMlO because it is not clear to what extent this can be added to 
acute mortality impacts. The total health damage estimate further excludes 
mortality and morbidity impacts from S02 because these should not be consid­
ered additive to impacts from PMlO • The uncertainty around the health damage 
estimate is large; the uncertainty is the product of uncertainty on the appro­
priate background level of PMlO , the dose-effect relationships, and the valua­
tion of health impact endpoints, especially excess mortality. 

The estimate of damage to materials in this case study is restricted to damage 
to zinc and steel due to S02 pollution. It therefore underestimates 'true' damage, 
as it is suggested that there may also be damage to other materials, both due 

Table 7.1. Summary of results for the Netherlands (ECU mn. low and high estimates) 

PM 10 S02 0 3 Noise 
(10 Ilg m- 3 ) (1 ppb) (30 ppb) (55 dB (A)) Total 

Health 8658-19970 2394 277-860 8936-20829 
Materials 43 43 
Crops 1-4 37-42 37-46 
Forests 
Ecosystems 
Amenity 291 291 

Total 8658-19970 2438-2441 314-902 291 9307-21209 

Notes: 
The totals in the last column may differ slightly from row totals because of rounding differences. 
For health damages, the total does not add up to the row total. Health damages from S02 are 
excluded from the total since these are not additive to damages from PM IO and 0 3 , 

Chronic mortality and morbidity impacts from PM IO and S02 are not included. 
Health damages from PM IO and S02 should not be considered additive. 
Background concentrations used are shown in parentheses. 
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to S02 and 0 3 . According to the UK case study, damages due to soiling, S02 
damages to paint, and 0 3 damages to rubber goods may be significant. The 
monetary damage of air pollution on cultural buildings has also not been 
assessed in this study. Hence, there seems to be scope for significant improve­
ment in this area. 

Due to a lack of reliable dose-response relationships the estimate of damage 
to crops is restricted to four crops only: wheat, barley, rye and green peas. The 
total crop damage is dominated by 0 3 damage. As more reliable dose-response 
functions become available there is scope for a more comprehensive damage 
assessment. It would also be interesting to take account of economic adjust­
ments to air pollution by farmers and the effects of these adjustments on 
markets. 

Monetary damages from noise nuisance were assessed for road, rail, and air 
traffic. The main uncertainties in the damage assessment lie in the valuation 
part. It is uncertain whether the Noise Depreciation Sensitivity Index (NDSI), 
that relates noise to house prices, is an accurate estimator of economic damage 
in this area. There are also methodological difficulties in adding-up different 
sources of noise nuisance. One important source of noise nuisance, domestic 
noise, was not assessed. 

Although there is evidence for ecosystem and forest damage in the 
Netherlands, no attempt was made to express this damage in monetary terms 
in this study. This seems to be an area where progress is much needed, but 
difficult to achieve. 

In summary, total air and noise pollution damage in the Netherlands in 
1990 was assessed to be in the order of magnitude of ECU 9.3 bn. to 
ECU 21.2 bn. This damage amounts to about 4.2 to 9.5% of the Dutch Gross 
Domestic Product (GDP) in 1990. The order of magnitude of the damage 
assessed in this study is to a large extent in accordance with a previous Dutch 
valuation study (Jansen, 1988). It is important to note that damage from 
increased mortality, which is probably the most controversial part of a valua­
tion exercise like this, accounts for the greatest part of this total damage. 
Excluding this damage category gives a total damage of ECU 2.3 bn. to 
ECU 5.7 bn. (1.0 to 2.6% of 1990 GDP). 
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CHAPTER 1 

POLLUTION DATA COLLECTION 
AND MODELING 

1.1. Introduction 

This chapter provides a brief discussion of the issues arising in the collection 
of the relevant data for the German case study. The project team would like 
to emphasise that the current analysis should be recognised as an initial estimate 
of German damages. Especially in the area of health, doubts about the accuracy 
of data have had a limiting effect on the extent of damages covered in Germany. 
Further research is needed in this area and the ongoing work in the GARP II 

project will try to close the current gaps. In particular, progress in ozone 
simulation modeling will be made enabling us to quantify related health and 
crop damages. Also the lack of PMlO data on an EMEP basis and the related 
issue of finding a suitable background level for PMlO will be resolved and the 
range of pollutants will be widened up to include heavy metals, carcinogenics, 
carbon monoxide and NOx- The follow-up project will provide us with further 
insights of the valuation of damage to eco-systems and forests. Moreover, more 
work needs to be done in order to determine the defensive expenditures for 
certain fields. For example, the area of historic monuments is still widely under­
researched. Thus, with the completion of GARP II, the monetary valuation of 
environmental damage will be comparable throughout the project partner 
countries on a broader basis. 

The Ifo Institute wants to acknowledge its great appreciation for the help 
of Wolfram Krewitt and Rainer Friedrich from IER who calculated the S02 
damages in GARP I. We are also grateful to Dr Werner Schulz from the Federal 
Environmental Agency for his helpful advice in the initial stage of the research. 

1.2. Pollution and modelling data 

The ambient concentration levels of the selected air pollutant are also known 
as the levels of'immission' to distinguish them from emission. Not the rate of 
emission, but the level of pollutant to which the receptor is actually exposed 
is important for the damage calculation. Precise monitoring of ambient concen­
tration is needed to complete this first step of research. 

In Germany the control of air pollution is the task of the Lander. For this 
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reason the Lander own air quality measuring nets in certain control areas 
where the state and development of air pollution will be documented. The 
immission measuring nets have an irregular spatial distribution with mostly 
denser control points in urban areas and less dense control points in rural 
areas. To fill the information in a single grid system a special interpolation 
procedure is used: Within a radius of 40 km the interpolation value of the circle 
center is calculated from all measured values of the control points. In addition 
values of control points nearby the interpolation point are weighted higher 
than those far away from it. The obtained ambient concentration values are 
close values to the actual ambient concentration situation. The procedure aims 
at the presentation of the ambient concentration situation in Germany as a 
whole. Methodologically it is not permissible to derive point differences of air 
pollution. 

In this study the EUROGRID co-ordinate system was used (grids of 
100 x 100 km2). However, the method of moving from point source data to 
grid values for pollution concentrations was not the interpolation method but 
simulation models of atmospheric transport. Although in Germany simulation 
models are available for S02, NOx and PM lO , in the end the valuation process 
could be done only for S02. According to the results of the EXTERNE project 
(see European Commission 1995a-f), NOx impacts on health can be neglected. 
However, NOx becomes important as a precursor substance for ozone. The 
problem with PM lO is that there are no background levels known for Germany. 
In addition PMlO effects on health were not monetized because S02 and PM lO 

impacts cannot be added for reasons of double counting. For ozone simulation 
modelling was not possible, so it was tried to take homogenous regions, e.g. 
urban and rural areas, and to apply the concentration from the measuring net. 
The German Federal Environmental Agency recommended a comparative 
analysis for the calculation of ozone impacts on health by using a US study 
and drawing conclusions for the German situation. 

1.3. Background levels 

An important question is the background concentration against which current 
pollutant levels should be compared. For all countries the most appropriate 
data appears to come from North West Scotland, (see synthesis report) the 
most pristine environment that exists in Europe. Background levels of 1 ppb 
S02 and 2 ppb NOx seem to apply in this area. For ozone a figure of 30 ppb 
for Northern Europe can be used (see synthesis report). However, ozone levels 
in towns are likely to be much lower than the background concentration 
because of the nature of NOx emissions from car exhausts. Thus in urban areas 
there might be even a beneficial result due to ozone. This must be examined 
in further research. 

For PM lO it was up to each country team to choose a suitable value. For 
Germany there is no value known. The UK values of 5-15 flg/m3 were not 
regarded to apply for Germany. 



CHAPTER 2 

HEALTH 

2.1. The approach 

High levels of air pollution, especially sulphur dioxide, particulates and NOx 

as well as ozone have been associated with respiratory illness in children and 
adults. Postulated chronic and acute health effects from air pollution usually 
are related to the respiratory system and include mortality, respiratory symp­
toms and diseases, and can have effects on the lung. However, respiratory 
symptoms are not only a consequence of air pollution but occur as a result of 
a variety of factors, e.g. smoking, allergens, etc. 

The impact of air pollution on the population depends on the concentration 
level and the sensitivity of the people. WHO has set Air Quality Guidelines on 
the basis of toxocological, clinical and epidemiological studies (see Table 2.1). 
Significant health effects are expected if these guidelines are exceeded. But there 
is some debate that human health is threatened even below these threshholds 
(SteelejOzdemiroglu 1994). 

This study reviews the available evidence in relation to the health effects 
which can be attributed to the pollutants mentioned above. The review findings 
provide a possible range of costs which can be expected if there are no further 
pollution reducing measures. The four stages for monetizing the effects of air 
pollution for health are as follows: 

Table 2.1. WHO air quality guidelines for acid rain pollutants (Ilm/m3) 

Pollutants I-hour exposure 24-hour exposure 

S02 350 
125" 

TSpb 

NOx 400 150 
0 3 150-200 100-120c 

Notes: 
(a) When exposure to S02 occurs simultaneously with exposure to TSP. 
(b) TSP stands for Total Suspended Particulates. 
(c) The guidelines are for an 8-hour exposure. 

Source: WHO (1987). 
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• collection of pollution data (see chapter 1), 
• determination of the size and characteristics of the population exposed, 
• use of dose-response functions (as far as possible), 
• assignment of a monetary value to the adverse health effects identified in 

the dose-response relationships. 

2.2. Population at risk 

This represents the 'stock at risk'. The damage caused by ambient levels of 
pollutants depends on the spatial distribution of the population in the vicinity 
of the emitting source(s) as well as on the age and vulnerability structure of 
that population. For example, children and the elderly may be more vulnerable 
to adverse health effects than those in the middle age ranges. Similarly, patients 
already suffering from asthma or other respiratory diseases are more likely to 
receive additional negative health impact than those with less sensitivity to 
these conditions. 

2.2.1. Population density 

The EUROGRID database did not contain data for Germany. IER in Stuttgart 
updated the database using data from the 'Statistik Regional' database pub­
lished by the German Statistisches Bundesamt, including data for the former 
GDR (IER, 1994). Data on the 'Kreis'-level (smaller than EUROSTAT NUTS 
3 level) was transformed to the EUROGRID format using ARC/INFO GIS 
software. The best way to approach the measurement of the population exposed 
to risks associated with the ambient concentration of pollutants is to acquire 
population data within a 20 x 20 km2 square around each monitoring site. 
Using this small scale should ensure that there is no overlapping. However, 
for reasons of simplicity, a 100 x 100 km2 scale was used. 

2.2.2. Risk group distribution 

Most of the damage functions used for finding the health impacts are related 
to a certain risk group such as children, the elderly or people with allergies. 

Table 2.2. Total area and population density in Germany, as of January 1st, 1991 

Area in km2 

Inhabitants per km2 

Germany 

356,853.95 
223 

Source: Statistisches Bundesamt (1992). 

Former area of 
the FRG 

248,635.60 
256 

New Lander and 
East-Berlin 

108,218.35 
148 
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To quantify effects within a certain risk group, the share of the risk group in 
the total population must be known. Mean values for the age structure were 
used throughout rural and urban areas (although it is likely to have varying 
age structure between the two places). 

An estimated 5% of adults in the FRG have chronic bronchitis, Weber 
(1991) estimates that between 0.3% and 6.7% suffer from asthma. The latter 
value is used in the present analysis. 

The baseline all-cause death rate for Germany (former FRG only) is 11 
deaths per one thousand persons a year (IER, 1994). This implies an overestima­
tion of mortality effects within this study because deaths from violent or 
external causes are added whereas the mortality exposure-response functions 
apply to non-violent causes only. Incremental mortality is derived by linking 
the baseline data, the population weighted pollution increment and the corre­
sponding exposure-response function. 

2.3. Use of dose-response functions (DRFs) 

It is important to have information on the direct relationships between ambient 
levels of key air pollutants and both morbidity and mortality effects (dose­
response-functions). Morbidity can be defined as a deviance from a state of 
well-being, namely becoming ill. Mortality means the effect on the death rate 
after removing all other effects contributing to the death rate. There is acute 
and chronic mortality. Given the lack of German data establishing dose­
response coefficients for both morbidity and mortality effects, the functions 
derived in US epidemiological studies (field studies) shall be used. 

2.3.1. Dose-response functions for so 2 

An economic assessment of the health costs of SOl requires the application of 
dose-response functions to data on levels of pollution and population at risk. 
This is necessary to calculate changes in levels of mortality and morbidity 
(adult chest discomfort, emergency room visits (ERVs) will be examined). 

Mortality 
In various epidemiological studies variations in the ambient air concentration 
of sulfur dioxide have been associated with increased acute mortality. Smog 

Table 2.3. Age structure of the German population (December 31, 1990) 

Age/Years <6 6-15 15-18 18-25 25-45 60-65 >65 

Share 6.7% 9.5% 3.0% 10.4% 30.0% 20.0% 5.5% 14.9% 

Source: IER (1994a). 
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episodes with short time peak exposure over a few days might induce a 
significant increase of death rate within the exposed population. Mainly old 
people with prevalent cardio-respiratory diseases are affected. Premature deaths 
can shorten lifetime by a few days to several months. 

Admittedly, it is not clear if the results obtained can be attributed to S02 
alone. Combinations of pollutants certainly influence human health more than 
one individual pollutant. High levels of S02 often coincide with high levels of 
particulates. So any correlation between S02 and human health does not 
necessarily prove that S02 alone is responsible. 

Most of the time this study will use the same dose-response functions 
developed under the EXTERNE programme (see European Commission, 1995a-f). 
For S02 and mortality the function found by Hatzakis et al. (1986) is used. 
The study related daily mortality in the greater Athens area to daily measure­
ments of S02 and smoke in the years 1975-1982. 

Morbidity 
Again, single effects are hard to isolate. In particular it is difficult to separate 
out effects of S02 from those of particulates. These two pollutants show a high 
temporal and spatial correlation. In addition S02 can be transformed into acid 
sulfates which would be classified as particulate matter. Nevertheless some 
studies suggest some independent effects. 

S02 especially irritates the nose, the bronchial system and the eyes. Airway 
constriction leads to changes of the pulmonary function. Epidemiological 
studies suggest that changes in daily average exposure to S02 effect lung 
function as well as the respiratory system. 

• Probability of a chest discomfort day in adults: Data from daily diaries 
indicated a significant association between S02 and chest discomfort 
(Schwartz et al. 1988). 

• Emergency room admission: Sunyer et al. (1991) showed a statistically 
significant relationship between emergency room visits for chronic obstruc­
tive pulmonary disease and daily average S02 concentrations. 

2.3.2. Dose-responsefunctionsfor NOx 

Health impacts associated with NOx are increased infections of the lower 
respiratory tract in children and increased airway responsiveness in asthmatics. 
The primary concern about NOx , however, is its role as a precursor substance 
to ambient ozone in outdoor pollution. 

The dose-response function regarding new phlegm and new sore throat 
episodes in adults due to NOx as well as new eye irritation episodes in adults 
was found by Schwartz and Zeger (1990). 

2.3.3. Dose-responsefunctionsfor total suspended particulates (TSP) or PMlO 

Particulate matter includes ammonium sulphate, iron, lead, nitrate, carbona­
ceous materials and sulphates (S04). The size of particulates determines their 
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health effects since smaller particles travel further in the atmosphere and are 
more readily absorbed in the respiratory system. Particles less than 20 microme­
ter can penetrate the airways with 50% efficiency, particles of 4-5 micrometer 
can enter the lung, and sizes below 1-2 micrometer may not be deposited at 
all. Thus research attention is now shifting from TSP to particulate matter of 
less than 10 micrometer (PM lO). TSP is converted to PM lO by multiplying 
TSP by either 0.45 or 0.55 (US EPA conversion in adopted by EXTERNE project). 

PM lO pollution is an important risk factor for acute changes in lung function, 
respiratory function and respiratory symptoms, increased acute and chronic 
respiratory illness and even death among high risk groups such as asthmatics. 

For the following endpoints dose-response functions were established. For 
further details see the Synthesis Report, Chapter 3: 

• Emergency room visits (Samet et aI., 1981), 
• Respiratory hospital admissions (Ostro, 1987), 
• Childrens' bronchitis (Dockery et al., 1989), 
• Childrens' chronic cough (Dockery et al., 1989), 
• Symptom days (Krupnick et aI., 1990), 
• Asthma attacks (Ostro et al., 1991), 
• Cases of childhood croup (Schwartz et al., 1991) 

2.3.4. Ozone in Germany 

The method of ozone monitoring is the UV absorption technique, and the unit 
of measurement, ppb. Three sets of standards are used: 

FRG Environmental Ministry (half hour mean < / = 200 mg/m3 ) 

recommendations 
EC Ozone Directive Requirements (one hour mean > / = 100 ppb; 8 hourly 

mean >/=55 ppb; 
daily mean >/=32ppb) 

WHO Guidelines (one hour mean > / = 100 ppb; 
8 hour mean > / = 50 ppb; 
daily mean > / = 33 ppb; 
Growing season > / = 30 ppb) 

Clinical studies show that no effect is likely under ambient exposure conditions 
for persons at rest. Irritation, however, may occur at around 300 ppb (600 
microgram/m3 ) after one or two hours' exercise. During severe pollution epi­
sodes these levels of concentrations are found. The irritations due to ozone 
often are an increase in airway resistance, a reduction in lung volume and a 
small increase in the responsiveness of the airways to constructor substances 
such as S02. In addition increased infection and allergy cases can be expected. 
There is no evidence that smokers, the elderly or asthmatics are more sensitive 
to ozone than others. Associations have been observed at levels under 80 ppb. 
However, there is no proven threshold concentration level. 
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In this study a comparative analysis to the study by Hall and Winer (1992) 
will be attempted. 

2.3.5. Discussion of the damage-function approach 

Although the damage-function approach is the logical way to evaluate health 
impacts, it implies some critical issues which are addressed in the following 
(IER, 1994b): 

• At present there are no usable economic valuations of lung function 
changes. That is why lung function health impacts from epidemiological 
studies have not been considered. 

• Epidemiological studies are based on immediate health effects due to day­
to-day changes in air pollution. Studies of this design usually provide for 
the most reliable exposure-response functions. As a consequence the eval­
uation of health effects is also focused on acute responses. 

• Some of the key relationships are linearized and annualized, assuming an 
independence of background levels. The linearized functions are considered 
to be a good approximation ofthe reported non-linear functions. However, 
the application of linearized functions without threshold to very low 
increments in air pollution far away from the source might lead to an 
overestimation of effects. 

• The quantification of an impact of an air pollution mixture is difficult 
using the impact pathway approach. Evidence on the independence or 
not of the effects of the component part are hardly possible to find. 

• Finally the question of transferability of exposure-response functions must 
be raised: Partly it depends on the health endpoint under consideration. 
If the health endpoint is a biological factor rather than a social event (e.g. 
restricted activity days) transferability is likely to be better. Restricted 
activity days partly depend on sociocultural factors. 

2.4. Assigning a monetary value to the adverse health effects 

2.4.1. Mortality 

As discussed in the Synthesis Report (Chapter 2), the most appropriate 
approach is to measure willingness to pay (WTP). The Human Capital 
approach is rejected since it would be hardly satisfactory in this context. The 
measure of a life being the net present value of a person's expected stream of 
earnings would exclude children, retired persons, housewives/husbands and the 
unemployed, all persons who have no earned income. At maximum they would 
be given a very nominal income under the Human Capital approach. 

For the WTP approach one needs data on what people are willing to pay 
to reduce the risk of premature death. One can express small risks as a 
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percentage and reach unity by multiplying or aggregating up over many individ­
uals; e.g. for 100,000 people a risk of 1/100,000 means that statistically one 
person will die. So one has to find the WTP to reduce this small risk and then 
it is multiplied by 100,000 to get the WTP for a statistical life for the chosen 
sample. This so-called 'value of statistical life' is statistical in the sense that not 
the life of an existing human being is evaluated but just the value of a statistically 
generated life. 

There are three major ways to estimate the value placed on mortality rates: 

• Hedonic Wage Risk Technique, 
• Market Techniques, 
• Contingent Valuation Method. 

The average value of statistical life in the UK/Europe is currently measured at 
between $2 and $3 million (OECD 1992). If it is assumed that individuals 
would wish to pay not only to reduce risks for themselves, but also for others, 
one can add 40-50% for this altruistic component of the value of statistical 
life. In this study, a value of statistical life (VOSL) of ECU 3.1 mn. has been 
taken. However, as has been discussed in the synthesis report, this value may 
be misleading in cases where the number of life years lost as a result of death 
from air pollution are small. A valuation of the mortality impacts using a value 
of life years lost is given in the main report. The country case study did not 
deal with this issue, although it recognized the importance of it. Taking the 
population of Germany, the cost of mortality due to air pollution will be one 
of the highest items of the cost of acid rain or the benefit of abatement. 

2.4.2. Morbidity 

The measurement of morbidity effects can be categorized as following: 

• response in ventilatory capacity (e.g. forced expiratory volume), 
• symptom response (e.g. cough), 
• treatment response (e.g. hospital admission). 

The problem is that not all lung function changes lead to symptoms and not 
all symptoms can be monetized (Steele/Ozdemiroglu 1994). However, the 
chosen response measures in this study are: 

• Emergency room visits for all-cause as well as respiratory diseases, 
• Respiratory symptom days: daily occurrence of upper and lower respira-

tory symptoms as an acute effect of air pollution. 

Concerning the monetary valuation one has to consider the financial cost of 
illness and the value placed on suffering. A sophisticated approach to estimate 
the morbidity effects is the 'value of statistical suffering' using the willingness­
to-pay method. A complete valuation of morbidity requires an estimate of the: 

• private value of an individual's WTP to avoid illness (WTP;), 
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• WTP to avoid illness/injury in others (altruistic value, WTPo ), 

• cost of the illness: direct cost to society of the illness (e.g. lost productivity, 
healthcare costs). 

It is assumed that the altruistic WTPo to avoid illness in others is around 
40-50% of the individual's WTPi to avoid one's own illness. But in case of 
aggregation across all health effects, double-counting must be avoided: There 
is likely some overlap between restricted activity days and symptom days which 
would need to be allowed for in the aggregation process. Data on cost of the 
illness was not collected so that the results presented focus only on WTP. 
Often WTPi already includes loss of wages and leisure time as well as the pain 
and suffering incurred. In the literature it is stated that the individual WTPi is 
greater than the cost of illness. In this study, however, only WTPi values 
obtained from contingent valuation studies in the United States are used. 
Valuations were only carried out for SOz impacts due to problems in defining 
appropriate background levels for other pollutants. The values used are detailed 
in the table below: 

Table 2.4. Monetary values of S02 pollution for different endpoints 

Health effect 

Mortality (value 
of statistical life) 

Adult chest discomfort 
days 

Emergency room 
visits (ERVs) 

Endpoint measure 

% increase in death rate 
(e.g. deaths/million) 

Additional days of chest 
discomfort per adult 
per year 

Additional daily ERV 
for chronic obstructive 
pulmonary disease per 
adult per year 

Studies 

Hatzakis 1986 

Schwartz et aI., 
1991 

Sunyer et aI., 1991 

Value 

ECU 3.1 X 106 

ECU 7.5 

ECU 223 
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NOISE 

3.1. Introduction 

Noise results from the emission of sound which is vibration of air due to 
perturbation by some mechanical vibration. Much noise which disturbs the 
human ear is anthropogenic in origin. At lower levels it can interrupt sleep or 
hinder verbal communication. In general, unwanted sound is recognized as a 
burden and affects human amenity. 

The usual metric of sound is the decibel (dB) which is a logarithmic scale 
of the pressure generated by the vibrations of the air, and is defined as: 

1 dB = 20 logio (Pressure/20 mn.ikroPa), with 

Pa = Pressure in Pascals (the SI unit of pressure, = 1 Newton m- 2 ). 

The main sources of noise are road and air traffic. About 13 % of the population 
in Western Germany live in houses which are exposed to traffic higher than 
65 db (A), a range where the risk for heart disease is increased. About 1 % of 
the population in the old Lander lives in noise protection areas near airports. 
For 1990 there is no exact data on noise for the new Lander. However, it can 
be assumed that disturbances are of a similar magnitude as in the old Lander. 
Although there was less traffic, this was offset by louder cars and worse roads 

dB (A) 

45 
50 
55 
60 
65 
70 
75 

Table 3.1. Road traffic noise pollution of the population of West Gennany in 1985 

Day time 

45 
27 
13 
5 

Percentage of the population exposed to noise 
over ... dB(A) 

Night time 

46 
28 
14 
6 
2 
0.2 

Note: Similar figures do not exist for East Gennany. 
Source: Bundesumweltministerium (1992). 
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Table 3.2. Railway noise pollution of the population of West Germany in 1985 

Percentage of the population exposed to noise 
over ... dB (A) 

dB (A) Day time Night time 

45 
50 
55 
60 
65 
70 
75 

13 
5 
2 
0.5 
0.1 

36 
20 
9 
3 
1 
0.3 
0.1 

Note: Similar figures do not exist for East Germany. 
Source: Bundesumweltministerium (1992). 

as well as a similar situation in the railway sector. Only after 1990 has the 
situation improved. 

This chapter presents a methodology for calculating the noise dis benefits 
from anthropogenic sources. Both a hedonic pricing and a contingent valuation 
method together with an estimation of defensive expenditures are used. 

3.2. Hedonic pricing method 

The hedonic pricing method is relatively straightforward because it is assumed 
that the only significant receptors are people and that they are sensitive to 
noise only in their homes. In this study not house price, but rent price differences 
for different noise bands were used. 

So the methodology for induding noise is suggested to proceed as follows: 

• Identify the affected receptors 
• Identify the response of receptors to the pollutant (dose-response function) 
• Identify survey data on household external noise levels (see also 

chapter 3.2.3) 
• Use national housing data (aggregate number and rent prices of houses 

in the country) to calculate the numbers of houses in various noise cate­
gories, and 

• Use the depreciation factor per dB(A) to calculate the aggregate 
national impact 

Appropriate valuation for noise using hedonic pricing is as follows (Borjans, 
1983 and Pommerehne, 1986): 

• (No difference between continous or intermittent noise): a reduction of 
0.5% vs. 1.26% in rent prices per dB(A)LAeq . 
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In addition, to calculate the aggregate damage it is necessary to identify some 
noise baseline. This baseline can be either: 

• the level of noise corresponding to zero economic activity, or 
• the level of noise corresponding to zero amenity loss, i.e. a threshold for 

the dose-response function. 

The former is likely to be very low « 40 dB (A)), the latter is often supposed 
to be 55 dB(A) because this is the WHO 'no annoyance' standard.! In this 
study a baseline of 45 dB(A) was used. 

3.3. Contingent valuation method 

In order to estimate the costs of noise in Germany by using the CVM, the 
noise situation must be known. 

3.3.1. Noise maps 

Noise maps are available for 44 cities and communities of which 38 have more 
than 100,000 inhabitants (Hoffjann, 1988). These maps mainly register noise 
from road traffic. Noise from railways is included in 14 cities, from industry in 
8 cities and from leisure only in one city. Noise from air traffic is registered in 
noise protection areas. During the last years the availability of noise maps in 
Germany has improved and is now sufficient in the field of road traffic. 
Nevertheless, the registration of noise by noise maps remains a problem 
(Weinberger et al., 1990): 

• The existing noise maps mostly refer only to certain parts of a city, certain 
noise areas and noise during daytime. 

• The number of people disturbed is mostly unknown. 
• Very seldom do noise maps exist for small communities, making a repre­

sentative calculation impossible. 
• Noise maps cannot be fully compared because measuring and calculation 

methods are not standardized. 
• The exact site of the houses, the 'floor effect'2 and the resulting differences 

in noise levels are not taken into consideration. The 'frontside view' leads 
to an overestimation of effects. 

1 It is not certain that this level corresponds to a zero amenity loss since amenity is a highly 
subjective quality. For example wind turbines can be a noise source in rural areas well below 
55 dB (A). But it seems reasonable that this kind of damage is low in comparison to those at 
higher noise levels caused by traffic and aircraft. 

2 The 'floor effect' takes into account that the higher a buil;ding is, the more noise is reduced 
because the distance to most sources of noice is diminished. 
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Obviously, the objective noise emissions cannot be sufficiently depicted in noise 
maps. But one can see the individual disturbance especially for road traffic, 
partly also for noise from air traffic, railway and industry. 

3.3.2. The noise situation in the Battelle Model 

The Battelle Institute (1981 and 1985) calculated the noise situation for 60 
representative areas in Germany and estimated a result for Germany with the 
help of a computer model. Thus the noise disturbance according to sources 
(road, rail, construction, industry) and classes of 5 dB(A) for day and night 
time depending on 5 different community types could be documented. The 
model was an essential factor in the Weinberger study. However, in order to 
determine the individual noise disturbance of the persons interviewed in the 
Weinberger study, noise maps were consulted. 

Two points of caution are required with regard to the Weinburger study. 
First, there is the problem of the 'probability of provision bias'. People believe 
the noise levels will not be delivered so therefore state a high WTP. Second, 
the estimates probably also include people's WTP for the associated reductions 
in noise levels, air pollution and soiling that the reduction in road traffic noise 
(implicitly road traffic) would result in. Nevertheless, the results are interesting 
and merit further consideration. 



CHAPTER 4 

CROPS 

4.1. Introduction 

Crops can be damaged directly or indirectly by air pollutants. On the one 
hand direct damage such as yield loss occurs and additional liming measures 
must be taken; on the other hand indirect effects such as decreased resistance 
to pests due to air pollution can happen. 

This analysis is restricted to the direct effects of S02 in the form of yield 
losses. Quality changes, other mitigating measures of the farmers or indirect 
effects (via soil) are left out. However, approaches to do so must be borne in 
mind. For yield changes due to 0 3 , dose-response-functions exist, but ozone 
dispersion calculation is not possible at the moment. An assessment of corre­
sponding damages cannot yet be performed. Furthermore, for direct effects 
of NOx and acid deposition, indirect effects via soil and synergistic effects 
exposure-yield-relationships are non-existent (IER, 1994a). Interactions with 
pathogens and with climate are not analyzed in this study, but must at least 
be mentioned because they are of major importance. 

4.2. Crop Losses Due to SOz 

Crop species show different S02 sensitivity. According to several sensitivity 
classifications based on long-term exposure to S02 the following categories 
can be developed for plant species (VDI, 1978; Guderian, 1977; OECD, 1981): 

• sensitive, 
• intermediate, 
• less sensitive. 

Wheat, rye, barley, oats, peas and beans have been considered to show at least 
intermediate S02 sensitivity and have been chosen - with the exception of peas 
and beans - for the analysis. 

4.2.1. Pollution level 

Regional S02 levels were calculated using the Harwell Trajectory Model. 
Results on the EMEP grid were converted to the EUROGRID coordination 
system. 
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4.2.2. Compilation of reference environment data 

Data on area under cultivation and yield of crops was provided by publications 
of the Statistisches Bundesamt (1990) at the Lander level. Data from the 
following crop species have been used: wheat, barley, rye, oats. Due to the 
former separation of Germany, East German data were gathered differently so 
there are inconsistencies in the data which cannot be avoided. All data have 
been converted to the EUROGRID coordination system. 

4.3. Dose-response functions 

The damage function used was discovered by Roberts (1984). He analysed 125 
longtime exposure chamber studies described in the literature resulting in 16 
functions for 21 crop species under SOz concentrations between 16 and 263 ppb 
(controlled conditions). The influence of the following factors was examined: 

• differences in response between plant species, 
• differences in pollutant flux, 
• variation related to growth rate and time of year, 
• variation with plant age, 
• variation with plant density. 

But since only few rural locations in Germany experience SOz levels greater 
than 15 ppb, the equations found were not directly applicable (as in the EXTERNE 

reports, European Commission 1995c/d). The approach to model the effects 
for low SOz concentrations was the following: 

• Extrapolation of the linear regression. As it is assumed that low SOz 
concentrations induce beneficial effects, this procedure would overestimate 
the actual yield changes. 

• The linear curve is adjusted to a parabel with the following characteristics: 
Yield change should be zero when there is no SOz concentration and the 
parabel should approximate tangentially the linear curve at the point it 
intersects the concentration axis. 

Thus, the parabel depends on the O%-yield change mark which itself depends 
on the chosen control concentrations used as reference concentrations for the 
0% yield change. Thus, results vary according to the choice of the O%-yield 
change mark. Table 4.1 shows the exposure-response relationships used for 
quantification: 

The relative yield change in percent due to the measured ambient air quality 
is calculated in the following way (IER, 1994b): 

Relative yield change = (Yn/Yb -1) x 100% 
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Table 4.1. Exposure-response relationships used for quantification 

Short name 

Roberts a 

Roberts b 

Equation 

y = 2.75 - 0.068 S02 

y = 0.0068 S02 - 0.0017(S02)2, 
S02 < 40.6 mikrog/m3; 
y = 2.75 - 0.068 S02' 
S02 > 40.6 mikrog/m3 

Receptors 

Wheat, Barley, 
Rye, Oats 

Wheat, Barley, 
Rye, Oats 

y = yield change in percent (positive for yield increase, negative for yield loss). 
S02: S02 concentration in Ilg/m3 (transformation factor: 1 ppb=2.66Ilg/m3 (20°C)). 

Source: IER (1994a). 

with 

Yb: yield in % at background concentration Cb, 

Yn: yield in % at new concentration Cn-

Reference 

Baker (1984) 

Baker (1984) 

Multiplying the relative yield change with the specific yield Ys (in tjha) at 
background concentration levels (known from agricultural statistics) provides 
for the specific yield change (in tjha) and further multiplication with the area 
under cultivation A yields the absolute yield change (in t): 

Absolute yield change = A x Ys x relative yield changej100%. 

4.4. Monetary valuation 

Crop losses have been evaluated with the world market prices given in Table 4.2. 

Table 4.2. Monetary unit values for crops in ECU /t 

Crop species Wheat Barley Oats Rye 

Crop price 110 69 65 56 

Source: IER (1994a). 
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FORESTS 

5.1. Introduction 

Air pollution through S02 and NOx can damage forest ecosystems directly or 
indirectly via acid rain or ozone formation. Usually there are three categories 
of damage: 

• timber production, 
• leisure time and recreational activities, 
• existence value. 

During the first phase of the EXTERNE project, forest damage experts tried to 
identify the most suitable exposure-response models for the quantification of 
forest damage. Only one correlation-valid for German Norway spruce for­
ests-was agreed upon. This study hopes to identify exposure-response relation­
ships also for deciduous trees and other conifers. 

5.2. The German forest damage inventories (FDI) 

The Forest Damage Inventory was established in West Germany in 1984 and 
after the reunification extended to East Germany. The FDI groups sample 
trees in five damage classes according to foliage loss and yellowing: 
However, the procedure of the FDI has been criticised for several reasons: 

• Foliage loss is an unspecific symptom which does not allow conclusions 
to be drawn on the cause of damage. 

Table 5.1. Damage classes of the forest damage inventory (BMELF, 1991) 

Damage class Description 

o 
1 
2 
3 
4 

Source: BMELF (1991). 

No damage 
Warning stage (formerly slight damage) 
Moderate damage 
Severe damage 
Dead 
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• A clear definition of regional and species-specific standards for 'normal' 
foliage is missing. 

• The relationship between foliage loss and growth or physiologicaljbio­
chemical characteristics is poorly characterised. 

Suggestions for a methodological improvement using damage symptoms such 
as nutrient deficiency, climatic stress etc. have not been put into action. 

According to FDI 25% of all trees in Germany suffer from significant 
damage (damage classes 2-4). The worst picture is presented in the former 
GDR where the following studies present only a few highly damaged forest 
areas. 

• the 'Stendaler Altmoranenland' with 64% of forest area in damage 
classes 2-4, 

• the 'Thfiringer Becken' with 58%, 
• the 'Thfiringer Gebirge' with 50% and 
• 'Mecklenburg-Vorpommern/Kfistenland' with 51 % 

In West Germany the most affected areas are: 

• the Bavarian Forest with 40%, 
• the 'Frankenwald' and 'Fichtelgebirge' with 36%, 
• the Bavarian Alps with 39%, 
• the 'Rhon' and the 'Frankische Platte' both with 38% and 
• the Black Forest with about 22%. 

It is now accepted that pines and several deciduous trees are ozone sensitive 
to some extent, whereas spruce or other native conifers are less so. Since firs 
are extremely sensitive towards S02, the total disappearance of these trees in 
regions with high concentrations of S02 such as parts of Eastern Germany, 
the Czech and Slovak republics and Poland can be explained. 

Oak and pine are the most affected of all trees (31 % and 29% in damage 
classes 2-4). The newest FDI 1994 once again confirms the affectedness of oak 
trees, but also mentions that firs are in a very bad condition. The FDI stresses 
that the origins of forest damage are more and more difficult to assess. Not 
only single pollutants, but in particular the so called 'environmental stress' 
which are synergisms between different harmful substances are assumed to be 
responsible for forest damages. In Hessia, the stock of firs has been diminished 
so extremely that from the small number of trees left, evidence for any cause­
effect relationships can no longer be seen. 

5.3. The critical load concept 

For Germany there is a map of critical load of acidity for forest soils. 
Furthermore critical loads exceedences have been estimated. Although there is 
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no map for the critical loads of nitrogen for ecosystems, empirical values as 
well as exceedences of critical loads have been proposed. 

5.3.1. Excedance of critical loads for total acidity in Germany 

The UN-ECE (1990) defines critical loads of sulphur, nitrogen and acidity as 
'the highest deposition of acidifying compounds that will not cause chemical 
changes leading to long-term harmful effects on ecosystems structure and 
function'. 

The method mostly used to calculate critical acidity for forest soils is the 
steady state mass balance method (SMB). This method ignores the time to 
reach a new steady state after a system has been disturbed. A time-independent 
equilibrium between the soil solid phase and soil solution is assumed. To 
compute the critical load of acidity, critical values of chemical parameters are 
needed. Again, UN-ECE (1990) defines critical chemical values as 'the highest 
value of a critical chemical parameter or combination of parameters that does 
not cause a significant harmful response in a biological indicator'. Important 
chemical critical values are, e.g. aluminium concentration, aluminium/calcium 
ratio, pH and alkalinity. 

The critical load of actual acidity is then the difference between the weather­
ing rate of base cations and the leaching rate of alkalinity when the steady 
state is at the critical point, i.e. determined by the critical chemical values. 
Depending on the weathering rate different critical loads of acidity are obtained, 
e.g. soils on parent rock with a high weathering rate like limestone have a 
higher critical load of acidity. 

Although the first German critical loads map of acidity for forest soils was 
published in 1991 by Hettelingh et al., there are still many problems with this 
approach. Major difficulties occur in areas with high precipitation. Since the 
critical value of alkalinity for forest soils is negative, the critical load of acidity 
increases with high runoff. This has the somewhat misleading effect that highly 
damaged areas like the Black Forest show a high critical load. Similarly the 
Bavarian Alps, the Bavarian Forest, the 'Thhringer Gebirge' in the former 
GDR show high damages but high critical loads in the map. So attempts were 
made to calculate leaching rates in a modified way. As this map is not yet 
available the map already published will be used in the following. 

If the critical load is exceeded, negative effects are expected for forest eco­
systems. The collection of deposition data is difficult in Germany because there 
is no measurement network for acidic deposition in Germany. Only in Bavaria 
there is a network of 23 measuring stations (open field, bulk collectors) in a 
64 x 64 km2 grid. There are two facts restricting the quality of the data: Firstly 
70% of the data is from before 1986, not representing the current situation. 
Secondly, only acidic deposition in the open field is measured, not below tree 
canopies where loads are much higher. However, total acidic deposition below 
the canopy is hardened by the leaching of compounds from needles, leaves or 
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bark. With the help of 'filtering factors' used for the shares of the canopy the 
total acidity deposited is estimated. 

It turns out that in the areas mentioned above, where high damage coincides 
with high critical loads, the excedance of the critical load is so significant that 
co-occurrence of high critical load and high forest damage can be explained. 

5.4. Assessment of impacts of acidic deposition on German forests 

The following impacts are considered: 

• effects of acidic deposition due to S02 and NOx emissions and 
• effects of ozone burden 

(each on the amounts of cubic meters of standing confer and deciduous 
forest by region). 

Dose response function(s) used. 
A discussion of the dose response function appropriate to the valuation of 

air pollution impacts is given in the UK report. The basic methodology is one 
based on Kuylenstierna and Chadwick, in which areas subject to critical load 
excedance are estimated to have a reduced growth of timber. This loss in 

Table 5.2. Forest damages in 1990 in percent of Sample Trees! 

State Damage class 0 Damage class 1 Damage Classes 2-4 

Hamburg 48 36 16 
Lower Saxony 46 37 17 
North Rhine-Westfalia 58 29 13 
Schleswig-Holstein 54 31 15 

States in Northern Germany 52 33 15 
Brandenburg 29 38 33 
Mecklenburg-Vorpommern 19 32 49 
Sachsen 37 36 27 
Sachsen-Anhalt 28 38 34 
Thuringia 19 31 50 

States in Eastern Germany 27 35 38 
Baden-Wuerttemberg 39 44 17 
Bavaria 27 43 30 
Hessia 40 41 19 
Rhine1and-Palatinate 50 40 10 
Saarland 56 27 17 

States in Southern Germany 34 42 24 

Source: Bundesministerium fhr Ernlihrung, Landwirtschaft und Forsten (1992). 
! The figures for Eastern Germany stand for 1991 since in 1990 data was not yet available. For 
Baden-Wuerttemberg, Bavaria and Saarland also 1991 data is used since there was no measurement 
in 1990 due to storm damage. 
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Table 5.3. Forest areas in Germany 

Federal Republic of Germany Forest area (ha) 

Old Lander: 7360 
Coniferous trees 5078 
Deciduous trees 2282 

New Lander and East Berlin 2468 
Coniferous trees 1849 
Deciduous trees 619 

Source: Statistisches Bundesamt (1992). 

growth is then valued. Such a valuation is admittedly only partial, but it is 
useful as it provides some information on losses in monetary terms. The 
valuation for Germany was done in the UK study. 

5.5. Monetary valuation 

For acid rain damage there are four stages to the valuation exercise: 

(i) use of dose-response-functions based on critical loads. These relate acid 
deposition to crown cover/density; 

(ii) the next stage relates crown density to growth; 
(iii) monetary estimates need to be made of reduction in growth (based on 

the stumpage value of timber at international prices). An approximate 
value taken in the UK study was ECU 50 m -3. 

(iv) Valuation of damages caused to recreational activities by the various 
emissions. These are valued using the contingent valuation method (see 
Chapter 9 for details). 



CHAPTER 6 

ECOSYSTEMS 

6.1. Introduction 

Given the lack of available data, impacts of air pollution on natural ecosystems 
should mainly be characterized using physical indicators. The following were 
identified as a means of describing current threats to ecosystems: 

• assessment of the area of national nature reserves under threat from 
excedance of critical loads of nitrogen, acidity and ozone; 

• brief assessment of other threats to natural ecosystems; 
• assessment of the status of species present in Germany that are on the 

European Red List of Species. 

6.2. Assessment of the area of national nature reserves under threat from 
excedance of critical loads of nitrogen, acidity and ozone 

In the Federal Republic of Germany (without the new Lander) 1.38% of the 
total area have been nature reserves in 1989. During recent years more and 
more areas have been converted into nature reserves, but the reserves are rather 
small (49% of the areas are smaller than 20 ha). Especially in the Alps huge 
protection areas exist. However, in nature reserves many forms of land use, 
including recreation are still allowed. This has the consequence that clearly 
disturbed areas are labelled nature reserves without restricting polluting factors. 
For this reason it can be assumed that some of the areas shown in Table 6.1 
are under threat from the excedance of critical loads of nitrogen, acidity 
and ozone. 

The only internationally recognized protection category are national parks. 
Germany has ten, five of which are in the former GDR. 

• Bavarian Forest (130 km2 ), 

• Berchtesgaden (210 km2 ), 

• Wadden Sea (Hamburg) (177 km2 ), 

• Wadden Sea (Lower Saxony) (2,400 km2 ), 

• Wadden Sea (Schleswig-Holstein) (2,850 km2 ), 

• Hochharz (59 km2), 

• Jasmund (30 kin2), 

199 
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Table 6.1. Inventory of nature reserves in Germany, status: 1/1/1989 

Number of Percentage Whole area 
nature Area (%) of of land 

State (land) reserves (ha) whole areal (ha) 

Baden-Wuerttemberg 553 36.677 1.03 3.575139 
Bavaria 374 107.033 1.52 7.055286 
Berlin 16 312.000 0.65 48.014 
Bremen 10 1.072 2.65 40.423 
Hamburg 22 2.752 3.65 75.470 
Hessia 397 18.868 0.89 2.111391 
Lower Saxony 540 97.371 2.05 4.743920 
North Rhine-Westfalia 654 39.048 1.15 3.406794 
Rhineland-Palatinate 327 21.037 1.06 1.984776 
Saarland 47 1.198 0.47 24.870934 
Schleswig-Holstein 123 18.457 1.17 1.572790 
Federal Republic 

of Germany 3063 343825.000 1.38 24.870934 

I Without areas of the North and Baltic Sea as well as the Lower Elbe and Lower Weser. 

Source: Plachter (1991) . 

• Muritz (308 km2), 
• Sachsische Schweiz (93 km2), 
• Vorpommersche Boddenlandschaft (805 km2). 

Especially all the Wadden Sea national parks are endangered by eutrophication, 
i.e. high levels of nitrogen and phosphorus. Most of the anthropogenically 
caused pollution arrives via rivers or through atmospheric transmission into 
the sea. 

Due to diverse land uses such as forestry, agriculture and fishery but also 
military, traffic or sports, the parks suffer from strong pollution in places. 
Indirectly, further, negative effects from soil and water pollution are added. 

6.3. Brief assessment of other threats to natural ecosystems 

Apart from air pollution, other activities pose a threat to natural ecosystems. 
The Alps suffer from a severe change in land use mainly due to mass tourism~ 
The whole region of the Alps is inhabited by about seven million people, and 
every year as many as ten million tourists visit the region. In Austria, the size 
of skiing areas has reached the size of traffic areas. Traditional forms of 
mountain agriculture disappear with the consequence that the land use patterns 
change dramatically with negative effects on nature. Table 6.2 presents some 
of the important current activities in the Alps and their effects. 
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Table 6.2. Important current activities in the Alps and their effects 

Activity Effect 

Expansion of settlements 

Construction of roads and paths 

Water management measures 

Construction of cable railways 

Construction of skiing pistes 

Sports (e.g. para-gliding, climbing, 
mountain-bikes) 

Source: Based on Plachter (1991). 

- loss of natural ecosystems 
decreasing importance of agriculture and forestry 

- increasing danger of avalanches and floods 
- change in drainage behaviour of streaming waters 
-loss of sensitive big area ecosystems 
- disturbance of animals 
- preparation of tourism development 
- loss of natural moist areas 
-loss of natural streaming waters dynamics 
- steeper high water drainage; increasing high water 

danger in the lower regions 
- optical/acoustical disturbance of ecosystems; 

eutrophication; soil damage caused by steps 
- reduction of forest area 
- increasing danger of erosion 
- steeper high water drainage 
- reduction of forest area 
- increase of erosion danger 
- steeper high water drainage 
- mechanical damage to vegetation 
- increase of soil density 
- change of soil fauna 
- disturbance of animals 
- disturbance of animals 
- damage of exposed vegetation 
- starting of erosion processes 

6.4. Assessment of the German species contained in the European Red List 
of Species 

In 1970 the International Union for Conservation of Nature and Natural 
Resources (IUCN) for the first time summarized all worldwide threatened and 
extinct species in a 'Red Data Book'. This collection is continued as 'Red Lists'. 
The following categories have been developed (Plachter 1991): 

• extinct: species not observed in nature during the last 50 years, 
• endangered: species threatened by extinction and of which the chances of 

survival are not given if the current endangering processes are not stopped. 
In this category also fall species which probably are extinct, but have been 
seen in nature during the last 50 years. 

• vulnerable: Species which soon will be categorized as 'endangered' if the 
current influences are not stopped. 

• rare: Species with worldwide small populations which currently are not 
'endangered' or 'vulnerable'. 
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• indeterminate: Species which are 'endangered', 'vulnerable' or 'rare', but 
data is not sufficient to name one of the categories precisely. 

In Germany a different classification is used which is even stricter: 

• category ° (extinct or lost): Species which are extinct (reference time 1850, 
for mammals and birds even back to the Middle Ages) or lost, i.e. in spite 
of searches for these species they cannot be found anymore. 

• category 1 (threatened by extinction): The survival of these species is 
improbable if the causing factors are not restricted. In this class also fall 
'rare' species. 

• category 2 (strongly endangered): Species endangered in the whole area of 
the Federal Republic; in some regions they have already disappeared. 

• category 3 (endangered): Species in huge areas are endangered, in some 
regions they have already disappeared. 

• category 4 (possibly endangered): Species with small populations in certain 
areas (insofar as they do not fall into classes 1-3 due to their current 
endangerment). 

Table 6.3 gives the number and percentage of species in each class for the FRG. 

Table 6.3. Current endangerment of flora and fauna in the FRG 

Number of extinct Number of currently 
species (percentage endangered species 

Organism of all species) (percentage of total) 

Fern and flowering plants 60 (2%) 637 (26%) 
Moss 15 (2%) 84 (8%) 
Lichen 26 (1%) 380 (21%) 
Mammals 7 (8%) 37 (39%) 
Birds 20 (8%) 78 (30%) 
Reptiles 0 (0%) 9 (75%) 
Amphibians 0 (0%) 11 (58%) 
Fish 4 (6%) 45 (64%) 
Butterflies 27 (2%) 467 (36%) 
Dragonflies 4 (5%) 39 (49%) 

Source: Plachter (1991, p. 285). 



CHAPTER 7 

MATERIALS 

7.1. Introduction 

A wide range of materials is exposed to air pollution. These materials show 
different susceptibility to the effects of acid rain, the main 'output' of air 
pollution causing material damage. Using the Dutch Acidification Systems 
Model (DAS) the following materials can be examined (selected for Germany): 

• galvanized steel 
• sheet zinc 
• natural stone 

However, Table 7.1 shows that additional materials like concrete or brickwork 
are also susceptible to acid rain and are of high value for Germany. In the 
chosen methodology these materials will not be considered. 

The damage-prone objects under consideration to estimate the pollution­
induced damage are: 

• transmission towers 
• railway bridges and railway transmission towers 
• telecommunication systems 
• industrial plants (fuel tanks, sludge towers) 
• residential buildings 
• cultural assets 

7.2. Effects of air pollutants 

7.2.1. Zinc and galvanized steel 

Steel is usually used only with a protective coating such as paint or zinc 
galvanizing. In moist but unpolluted environments, zinc hydroxide is formed 
with the electrochemical reactions taking place on the surface and along an 
electrochemical process producing a protective layer that inhibits further corro­
sion. In the presence of sulphur compounds, however, the moisture on the 
surface becomes acidic and causes corrosion. The amount of metal lost from 
the surface is strongly connected with the S02 air concentration. 

203 
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Material 

Brickwork 

Concrete 

Stonework (limestone, 
ca1carous sandstone, 
marble) 

Carbon steel 

Stainless steel 

Nickel and nickel-plated 
steel 

Zinc and galvanized steel 

Aluminium 

Copper 

Lead 

Paint 

Wood 

Table 7.1. Material selection criteria 

Susceptibility to acid rain 

Uncertain 

Uncertain 

High (severely affected by S02) 

High (severely affected by S02) 

Very low (excellent resistance to 
pollutant attack) 

High (corrode at high rates in 
S02-polluted areas) 

High (corrosion markedly 
increased in polluted 
environment) 

Low (in general excellent 
resistance; pitting in very 
polluted environments but 
only initially) 

Medium (increased corrosion in 
polluted environments, but 
rates decrease in long term 
(patina layer formed)) 

Very low (one of the most 
resistant commercial 
materials in the environment) 

Uncertain 

Uncertain 

Value to the FRG 

Very high (high economic value 
due to large stock at risk) 

Very high (high economic value 
due to large stock at risk) 

High (small to medium stock at 
risk, but high cultural value) 

Very low (little carbon steel 
exists uncoated in the 
environment) 

Medium 

Very low (very restricted use) 

Medium (stock at risk small to 
medium but some uses of 
economic importance, e.g. 
transmission towers) 

Medium (various commercial 
uses) 

Low (stock at risk is low) 

Medium/low (stock at risk low 
but important uses, e.g. in 
telephone cables) 

Very high (very large stock at 
risk) 

Low (little uncoated wood used 
in the environment) 

Source: Weitschev, M.: Economic Losses to Society Due to Material Damages of Environmental 
Pollution in the Federal Republic of Germany, in: Hohmeyer, 0.; Ottinger, R.L. (Eds.): 
External Environmental Costs of Electric Power, Berlin 1991, S. 26. 

Experimental work has shown zinc corrosion to be a linear function of 
both S02 and time of wetness. The majority of the evidence is expressed in 
terms of zinc corrosion rates. Corrosion rates can be converted to 'time of 
loss of protective coatings' if an assumption about the thickness of the zinc 
coating on galvanized steel is made. An increase of lifetime therefore is a 
benefit because the protective layer is not lost so quickly and costs of 
repainting can be saved. 
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7.2.2. Effects of air pollutants on paints 

The different types of paint formulations have different sensItlvitles to air 
pollutants, but the effects of SOz are minor compared to the effects of sunlight 
and wetness. Recent research indicates that the degeneration of paint systems 
(paint and paint substrate) may be accelerated by SOz. However, there is still 
little evidence of how paint protects metal and the mechanisms that take place 
at the substrate/paint interface. 

7.2.3. Air pollution as a factor of stone decay 

Natural stone deterioration is caused by dry and wet deposition. In areas with 
high pollution levels dry deposition is predominant. In clean air areas, however, 
particularly in those with high rainfall rates, wet deposition is the prevailing 
mechanism. Dry SOz-deposition leads to acid formation on the surface and 
within the pores under the stone surface leading to deterioration of the stone. 
During wet deposition the reaction product between SOz and carbonate -
gypsum - is washed away, resulting in a weight loss. Stone degradation from 
wet deposition is generally lower than that caused by dry deposition. 

7.3. Data and monetary valuation 

The Building and Dwelling Census of 1987 provides statistics on dwellings in 
West Germany. No similar statistics are available for East Germany at the 
moment. Data on industrial buildings is not available at all. Concerning the 
material surfaces a study by Hoos et al. (as part of an ECOTEC study, 1986) 
identified in a field study the material surfaces from 232 buildings in Dortmund 
und Cologne. In the next step, the building identikits of Cologne and Dortmund 
have been directly extrapolated to West Germany. This happened on the basis 
of the statistics on dwellings. Thus, material surfaces for zinc and galvanized 
steel, sandstone, limestone, other natural stones, aluminium, concrete and ren­
dering have been obtained (IER, 1994). However, the estimation is a result of 
rather crude assumptions, e.g. it is assumed that in every German town or even 
village the percentage of skyscrapers is as high as in Dortmund or Cologne. 

Another important source of data is the study by Isecke et al. (1991) which 
quantified material damages due to air pollution. The identification of material 
surfaces was done by extensive interviews with German authorities. 

7.3.1. Selected industrial property groups: overhead power transmission pylons 

With the help of the prevailing practice method the air pollution related 
maintenance costs for transmission pylons were calculated. The transmission 
pylons have either a zinc layer or a coating. In case of humidity of more than 
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Table 7.2. Time intervals for renewal of protection in transmission pylons (years) 

Type 

Pylons with zinc layer: 
- first layer 
- second and later layers 

Pylons without zinc layer: 
- second and later layers 

Source: Isecke et al. (1992). 

'Unpolluted areas' 

7-10 
15-25 

15-25 

'Polluted areas' 

1-3 
10-18 

10-16 

70%, zinc corrosion is increased. S02 will accelerate this process, among other 
factors like temperature, and also influence the lifetime of coatings (mean value: 
5-10 years). 

For the renewal of transmission pylons a price of 10-15 ECD per m2 is 
assumed. 

7.3.2. Selected industrial property groups: railway bridges 

For security reasons all railway bridges are regularly tested, and, in case of 
need, the corrosion protective layer is renewed. The maintenance interval for 
steel bridges in polluted areas, at 20 years, is significantly shorter than in 
unpolluted areas (25 years). The maintenance costs are estimated to be about 
ECD 581m2. 

7.3.3. Selected industrial property groups: railway contact line systems 

For about 5-10 years contact line systems with a zinc layer and a coating have 
been installed. Older systems do not necessarily have a coating. The mainte­
nance intervals vary a lot (see Table 7.4). Maintenance costs for renewal of 
coating are estimated to be about 20 ECD per m2• 

7.3.4. Selected industrial property groups: mineral oil depots 

Mineral oil depots are regularly coated. Knowing the differences in renewal 
cycles, external costs can be monetized. Concerning the damage area of about 

Table 7.3. Time intervals of the renewal of protection for contact line systems (years) 

Type of protection against corrosion 

Duplex system (from the beginning) 
Duplex system (installed afterwards) 
Zinc layer 
Coating 

Source: Isecke et al. (1991). 

'Unpolluted' areas 

45 
30 
22.5 
25 

Polluted areas 

35 
20 
12.5 
15 
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6.5 million m2 and the percentage of 'unpolluted' areas, additional costs of 
about ECU 7 million per year arise for West Germany (lsecke et al., 1991). 

7.3.5. Selected industrial property groups: sludge towers 

Additional costs for sludge towers were estimated to be about ECU 1 million 
per year due to damage in the coatings. 90% of the sludge towers are built 
from concrete, the remaining 10% from steel. The sludge towers built with 
concrete have a special coating either of eternit or aluminium, but both are 
susceptible to air pollution. 

7.4. Residential buildings 

Isecke et al. (1991) remark that it is not possible to give a quantitative relation­
ship between ambient air concentration and maintenance costs for residential 
buildings. Identical or similar damage can also result from weathering as well 
as false planning and construction of building elements. However, the authors 
recognize as common knowledge that: 

• some types of damage in certain materials are only caused by specific air 
pollutants; 

• many weathering processes are accelerated by air pollution; 
• damage due to incorrect construction is increased by air pollution. 

But the influence on materials even in the same type of atmospheric area can 
be widely diverse because the distribution of emission varies and is also depen­
dent on meteorological factors. In addition the building design and the con­
struction quality influences the intensity of damages related to air pollution. 

In order to gain an approximately accurate economic valuation of air­
pollution-related damage a model was used which allows the spatial disaggrega­
tion of buildings using settlement types (Roth 1980). This model was also used 
for calculating the air-pollution-related damage to buildings in Dortmund and 

Table 7.4. Air pollution related additional costs of coating renewal in sludge towers (in ECU) 

Material 

Lifetime in years: 
Polluted area 
'Unpolluted' area 

Costs (ECU/m2 in 1990) 
Surface in polluted areas in m2 
Additional costs in ECU per year 

Total costs 

Source: lsecke et al. (1991). 

Eternit 

30 
50 

144 
386,920 
742,888 

987,031 

Aluminium 

20 
32.5 

173 
73,384 

244,143 
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Cologne (Hoos et ai., 1986). There are 9 settlement types, each having an 'ideal 
building' of which the number of square meters is known and divided into 
roof, wall and window space. The basis for estimating the surfaces damaged 
by air pollution is the space of the outer building ('Gebaudehiillenfiache'). 
Furthermore, the settlement types can be categorized according to their specific 
density per square km. This model for Dortmund was applied to the stock of 
residential buildings in Germany in the period 1987/88. All cities were listed 
in the following order: 

A: S02 annual mean value 30-50 mikrog/m3 

B: S02 annual mean value > 50 mikrog/m3 

A *: as A, but with data from cities with more than 100,000 inhabitants 
B*: as B, but with data from cities with more than 100,000 inhabitants 

The calculation of the air-pollution-related additional costs is done according 
to the following equation: 

Additional costs = S x C x (1/Lp - 1/Lup) 
where: 

S = Surface (m2), length (m) or number of construction elements 
C = Costs per m2, or construction element, 
Lb = lifetime of a building in a polluted area, 
Lup = lifetime of a building in an unpolluted area. 

The lifetime values are mean values of estimated values asked from building 
companies. The mean values include a factor of insecurity as the building 
companies do not take care of the maintenance measures within an equal 
time interval. 

7.5. Cultural assets 

In the Federal Republic of Germany there are about 500,000 single monuments 
and 1.5 million cultural assets surrounded by bigger building complexes. This 
is about 15% of total buildings. In the new Lander there is a number of about 
45,000 registered monuments, but it is assumed that this figure may be increased 
by 50% (Bundesumweltministerium, 1992). At the moment, however, there is 
no possibility of evaluating the damages to cultural assets. A variety of reasons 
can be given: 

• It is extremely difficult to estimate the extent to which the weathering is 
caused by natural or anthropogenic factors. On the one hand, natural 
factors such as temperature or rainfall cause weathering. But the manmade 
increase of carbon dioxide concentrations, for example, also influences 
this process. On the other hand, those pollutants in air and soil that 
intensify the chemical corrosion trigger severe damage effects. Current 



Impact Assessment and Valuation: Materials 209 

research shows that only the exact analysis of a particular object will 
present all damage factors. 

• Dose~response functions for different natural stones are not yet accurately 
found. Sandstone and limestone are the most vulnerable natural stones. 
However, even for these stones the precise knowledge on corrosion mecha­
nisms is missing. Only for Krensheimer Muschelkalk and Baumberger 
Kalksandstein are there quantitative results. 

• Data on cultural assets is poor. Many Lander have just begun to collect 
data via questionnaires. The 'co-ordination agency for environmental 
damages in cultural assets' within the Federal Environmental Agency has 
started to collect data from the monument agencies and save them in a 
national archive. It must be borne in mind that the data was often for 
internal use in monument agencies only. Sometimes the material was 
collected by staff that did not always have adequate knowledge in natural 
science. So the data is of restricted benefit. 

• As a result of the tight budget of monument agencies mostly monuments 
of outstanding historic importance can be conserved. The total costs of 
restoration borne by the monument agencies do not reflect the costs of 
air-pollution-related damage. As already mentioned the overall damage 
has a variety of causes. 

• There is no willingness-to-pay analysis regarding the individual value of 
cultural assets in Germany. 

A thorough analysis would require the following steps (Pearce, 1990): 

• Inventory of cultural assets 
• Classification according to: 

~ type of monument (e.g. sculpture, church, building), 
~ type of stone (sandstone, limestone, etc.), 
~ location and ambient air concentration (S02, NOx and PM10 ) 

• Dose~response functions for certain types of stones and monuments under 
a certain ambient air concentration (accurate single analysis of objects) 

• Extrapolation of the results to other cultural assets of the inventory 
showing the same characteristics. 

Such an analysis is beyond the scope of this study. As a guide to the values 
associated with cultural assets, however, the defensive expenditures for cultural 
assets will be shown in section 8.3.5. 



CHAPTER 8 

RESULTS FOR GERMANY 

8.1. Introduction 

This chapter contains the results for the following impacts: 

• Health 
• Noise 
• Crops 
• Forests 
• Materials 

No quantification is offered for the impacts on ecosystems, or the impacts from 
global warming. The latter are covered in the Dutch report for all four countries 
and are also reported in the synthesis report. The chapter concludes with a 
discussion of the results and the implications for policy and future research. 
The monetary estimates presented here incorporate all intermediate calculations 
and are generally based on 1990 prices. In the synthesis report all the final 
calculations have been updated to 1995 prices. 

8.2. Health 

8.2.1. Valuation OfS02 health impacts 

The following Table 8.1 shows the valuation results of S02 pollution in 
Germany. 

The figures are dominated by the costs of mortality; they account for over 
95% of all costs. This is the result of taking the value of statistical life (VOSL); 
as discussed in the synthesis report, and as present there, the costs are consider­
ably less if we take a value of life years lost approach (VLYL). As an approxima­
tion, S02 effects are acute and the years of life lost are estimated at about 1.25. 
In that event the value attached to the mortality will be only 3% of that given 
in Table 8.1. This issue is discussed further in the synthesis report. 

As mentioned in the beginning, in co-operation with IER Stuttgart it was 
decided not to quantify health impacts due to NOx and PM lO • The results of 
the EXTERNE study show that the health effects of NOx can be neglected. As 
a consequence the dose-response functions developed and described for NOx 

find no application. 

210 
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Table 8.1. Health impacts due to SOz in 1990 using VOSL method 

Damage in Damage as Damage in 
Size of million % of 1990 ECU per 

Endpoint impact Cases ECU GNP capita 

Acute low 2,464 6,406 0.23 80 
mortality mid 4,928 12,813 0.45 161 

high 7,392 19,219 0.68 241 
Adult chest low 9.58mn. 60 0.004 0.8 

discomfort mid 18.50mn. 116 0.008 1.4 
days high .27.09 mn. 171 0.012 2.1 

Emergency low 6,944 1,292 0.095 16 
room visits mid 10,750 1,980 0.146 25 
(ERVs) high 14,349 2,670 0.197 34 

Source: IER (1994). 

The problem in monetizing the health effects of PMlO in Germany is that 
there is no baseline data. Transferring baseline data e.g. from the UK would 
give false results as differences in climate between the UK and Gl .nany do 
not allow simple copying of PMlO baseline data. 

8.2.2. Valuation of ozone health impacts 

As already mentioned there is no dispersion model for ozone at the moment. 
According to calculations by the Federal Environmental Protection Agency 
the total damage is estimated to be about ECU 3.9 billion (1992). This figure 
relies on a comparative analysis based on a Californian study by Hall, Winer 
et al. (1992) which calculated ozone damage to be $20 billion at maximum 
using the damage function approach. The German approach results with about 
20% of the US figure using homogenous regions as far as this was possible. 
Thus, the figure of ECU 3.9 billion is only a rough estimate which cannot be 
included within the overall framework of results. 

Ozone damage 
category 

Unspecified 1 

Table 8.2. Health impacts due to ozone in 1992 

Damage in 
million ECU 

3.9 

Damage in % 
of GNP 

0.1373 

Damage per 
capita in ECU 

48.9 

lThe damage cannot be divided into specific categories like shortness of breath, eye irritation etc. 

Source: Personal communication to Mrs. Paulini, Federal Environmental Agency, Berlin, 18th 
January 1995. 



212 Chapter 8 

8.3. Noise 

8.3.1. Hedonic pricing method 

Weinberger calculated rent price differences due to different levels of road 
traffic. He used depreciation values of 0.5% and 1.26% per dB(A) (BOIjans 
1983 and Pommerehne, 1986). These are the only values available in Europe. 
Table 8.3 presents the results. The baseline is 45 dB(A). 

Regarding air traffic the rents are depreciated by values between 0.3 and 
1.2% per db(A). The average noise level is assumed to be 68 dB(A). It was 
assumed that there are 2.32 persons per apartment and the average rent is 223 
ECU per apartment.! For the results see Table 8.4. 

In noisy residential areas relatively cheaper apartments are offered than in 
quiet neighbourhoods where expensive apartments dominate. The assumption 
of a constant average rent thus overestimates willingness-to-pay in noisy areas. 
Simultaneously, quiet neighbourhoods are usually characterised by bigger 
households than noisy areas (Statistisches Bundesamt, 1978). Since only the 
number of affected people per noise band is known and not the number of 
households, an underestimation of the number of affected households in noisy 
areas as well as an underestimation of the total willingness-to-pay is the 
consequence. Furthermore, higher construction costs in noise protection areas 
may also lead to an underestimation of the average rent in these areas. Since 
there is no basis for objective noise bands at the moment, differences in rents 
and households per noise band were foregone. Although the effects mentioned 
above may neutralize each other, an underestimation of the total willingness­
to-pay may remain. 

In addition, it is not clear whether the depreciation rate is independent of 
the noise level. For example Pommerehne (1986) succeeds better with a non­
linear rent function. However, the survey results of Weinberger et al. (1991) 
show that a linear function allows a very good approximation of the obtained 
values. Another problem is the contrary effect of increasing traffic, e.g. in airport 
vicinities rents are often above average. This kind of compensation may also 
lead to an underestimation of the willingness-to-pay for less noise obtained by 
rent differences. 

8.3.2. Sensitivity analysis 

A sensitivity analysis shows that the influence of the chosen baseline is extreme 
on the results. If the baseline is increased from 45 dB(A) to 55 dB (A), the 

1 The average rent in 1985 was ECU 215 (DIW, 1989). Using the rent price index for 1987 the 
average rent is ECU 223 (Statistisches Bundesamt, 1988). Using the rent price index for 1990 
(Statistisches lahrbuch, 1994), the results remain unchanged. 
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Table 8.3. Monthly rent price differences due to road noise in West Germany in 1990 

Noise level <45 45-50 50-55 55-60 60-65 65-70 70-75 75-80 Total 
in dB 

Affected 21.1 17.1 17.0 18.3 14.2 7.5 4.0 1.1 100 
people 
in % 

Affected 12.9 10.4 10.4 11.2 8.7 4.6 2.4 0.7 61 
people in 
million 

Affected 5.5 4.4 4.4 4.8 3.7 1.9 1.0 0.3 26 
households 
in million 

Monthly rent 1222 990.5 985 1060 822.5 434.5 231.5 63.5 5807 
in million 
ECU 

Monthly rent price difference (1.26% per dB) 
Affected 0 3.2 9.5 15.8 22.1 28.4 34.7 41.0 

people 
in % 

Total in 0 31 93 167 156.5 123 80.5 26 702 
million 
ECU 

In % of 0 1.22 3.66 6.56 6.15 4.83 3.16 1.02 27.59 
GNP 
(in 10-3 ) 

Per person 0 2.98 8.91 15.93 20.9 26.88 32.85 38.33 
inECU 

Monthly rent price difference (0.5% per dB) 
Affected 0.0 1.3 3.8 6.3 8.8 11.3 13.8 16.3 

people in 
% 

Total in 0.0 12.5 37 66 72 49 32 10.5 278.5 
million 
ECU 

In % of 0 0.49 1.45 2.59 2.83 1.93 1.26 0.41 10.95 
GNP 
(in 10-3 ) 

Per person 0 1.18 3.55 5.93 8.29 10.66 13.03 15.4 
inECU 

Source: Weinberger et al. (1991), with changes. 

maximum willingness-to-pay falls from ECU 8.2 billion to ECU 3 billion per 
year. So the baseline has a stronger influence than the depreciation rate. 
However, the marginal willingness-to-pay is independent of the baseline if a 
linear rent function is used. 
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Table 8.4. Monthly rent price differences due to aircraft noise in West Germany in 1990 

Affected people (over 67 dB(A)) 
Monthly rent per person in ECU 
Monthly rent price difference in % 
Per person in ECU 
Total in million ECU 
Total rent price difference in million ECU 

per year 
In % of GNP (in 10-3 ) 

Source: Weinberger et al. (1991), with changes. 

0.3% per dB 

600,000 
98 

6.9 
6.76 
4.02 

48.5 

1.91 

1.2% per dB 

600,000 
98 
27.6 
27.05 
16.25 

195 

7.66 

For road traffic the marginal monthly willingness-to-pay per person is 

• 0.49 ECU per dB (using 0.5% per dB) and 
• 1.20 ECU per dB (using 1.26% per dB). 

For air traffic the marginal monthly willingness-to-pay per person is 

• 0.3 ECU per dB (using 0.3 per dB) and 
• 1.18 ECU per dB (using 1.2% per dB). 

8.3.3. Comparison with results from a contingent valuation approach 

In 1989 Weinberger et al. asked 6,500 households for their willingness-to-pay 
for less noise. The objective noise situation of the households was given by 
noise maps. For the state 'little noise' using the noise levels during daytime the 
following relationship was found: 

WTP (N) = 1.67 x N - 71.70 

with N being the noise level. 
This function was estimated for the monthly willingness-to-pay if there is 

street noise. It reflects the willingness-to-pay for noise levels above about 
43 dB (A). The individual marginal willingness-to-pay for an reduction of the 
noise level for 1 dB(A) is about ECU 0.84 per month. 

The yearly willingness-to-pay for a general reduction of street noise by 
3 dB (A) in Germany is ECU 1.45 billion.1 The same procedure was used for 
other noise sources. The willingness-to-pay for a reduction of rail traffic noise 
is about ECU 0.75 billion, for air traffic noise only within the noise protection 
areas about ECU 13 million and finally for a reduction in industrial noise 
about ECU 0.75 billion. In % of GNP and population weighted the following 
figures are obtained: 

1 The baseline level was 45 dB (A). The model involves 48.24 million people. 
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Table 8.5. Willingness-to-pay for noise reduction in West Germany per year 

Total WTP WTP in % of GNP 
in ECUmn. (in 1O-2) WTP per capita 

Traffic 1450 5.699 22.92 
Rail 750 2.948 11.86 
Air 13 0.051 0.21 
Industries 750 2.948 11.86 

Source: Weinberger et al. (1991). 

8.3.4. Total willingness-to-pay for 'almost no noise' 

Using an average information level the willingness-to-pay rises to ECU 11 
billion DM per year, whereas a good information level gives a willingness-to­
pay of even ECU 12 billion for 'almost no noise' due to street, railway, industrial 
and construction noise. The willingness-to-pay for a strong reduction of noise 
due to road traffic is about 60% of the total willingness-to-pay. 

The figures do not include the new Lander. In 1990 the data base was not 
yet sufficient for a similar analysis as done for Western Germany. However, 
the noise situation in the new Lander may have approximated the old Lander. 
Under the assumption of equal preferences at least the marginal individual 
willingness-to-pay should be the same as in the old Lander. This is valid for 
the hedonic pricing method as well as the willingness-to-pay approach. But of 
course influences like income distribution, information etc. playa major role. 
For that reason an accurate number for the new Lander cannot be given at 
the moment. 

8.3.5. Defensive expenditures 

The damage costs of noise should also take defensive expenditures into con­
sideration. The estimates for defensive expeditures are contained in Table 8.7. 

8.4. Crops 

Multiplying the identified crop loss with the world market prices yields the 
following economic damage (Table 8.8): 

Table 8.6. Willingness-to-pay for 'almost no noise' in West Germany per year 

Average information level 
Good information level 

Source: Weinberger et al. (1991). 

Total WTP 
in billion ECU 

11 
12 

WTPin % 
of GNP 

0.43236 
0.47166 

WTP per capita 
(ECU) 

173.90 
189.71 
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Table 8.7. Estimation of defensive expenditures in West Germany per year 

Street noise 
Noise protection windows: 

for 75/65 dB (A) maximum 
for 70/60 dB(A) maximum 

Railway noise 
Noise protection windows: 

for 75/65 dB(A) maximum 
for 70/60 dB(A) maximum 

Air traffic noise 
Noise protection windows 

Noise at work and industrial noise 
Investment per year 

Noise in the neighbourhood 
Investment in new buildings per year: 

'increased noise protection' 
'very good noise protection' 

Total defensive expenditures per year 
Total defensive expenditures in % of GNP (in 10- 6 ) 

Total defensive expenditures per capita 

Source: Weinberger et al. (1991). 

ECU 80-105 million 
ECU 200-270 million 

ECU 46-61 million 
ECU 109-145 million 

ECU 49-66 million 

ECU 450-650 million 

ECU 800-1,350 million 
ECU 1,200-2,150 million 

ECU 2,934-4,297 million 
1.2-1.7 
ECU 0.05-0.07 

Table 8.8. Estimated crop damages for Germany due to SOz in 1990 

Damage in 
Yield loss million Damage in Damage 

Crop Size of in dt per ECU per % of GNP per 
species impact year year (in 10- 4 ) capita 

Wheat low 1,048 10.07 3.5 0.13 
mid 2,745 26.35 9.3 0.330.54 
high 4,446 42.68 15 

Barley low 1,408 5.62 2 0.07 
mid 2,724 14.71 5.2 0.18 
high 4,411 23.82 8.4 0.3 

Rye low 2,877 4.49 1.6 0.06 
mid 7,532 11.75 4.1 0.15 
high 1,220 19.03 6.7 0.24 

Oats low 1,367 0.77 0.3 0.01 
mid 3,579 2.01 0.7 0.03 
high 5,797 3.25 1.1 0.04 

Source: IER (1994b). 



Results 217 

The sum of agricultural damage was ECU 164.55 million in 1990. This is 
4.13% of the total turnover for grain in 1990 (Statistisches Bundesamt, 1994). 
This figure, however, is only the minimum, since it neither contains liming 
measures additionally required by the farmers due to increased acid deposition 
nor assesses damage due to ozone. At the moment the latter can be described 
only qualitatively because there is no dispersion model. It can be assumed that 
ozone concentrations of 100 mikrog/m3 (8-h-mean value) or 33 mikrog/m3 

(24-h-mean value) already induce yield losses. The critical load of S02 for 
sensitive crops is about 100 mikrog/m3. This implies that not even the critical 
load of 140 mikrog/m3 (German TA Luft) for the protection of human health 
guarantees the protection of crops. For the protection of crops, the precaution 
loads must not be ruled out. Furthermore, the synergistic effects of different 
air pollutants cannot be generalized. Depending on the type of crop, the 
measured parameter, and the pollutant combination, the effects partly accumu­
late and partly decrease (Bundesumweltministerium, 1992). 

8.5. Forests 

8.5.1. Damage according to the dose-response method 

The use of the dose response method for calculating damages is demonstrated 
in the UK study, which also covered Germany. It values the reduced growth 
in timber, which comes out at ECU 49 mn. as the central estimate, with a low 
value of ECU 22 mn. and a high value of ECU 77 mn. This is much lower 
than the value obtained by Nilsson, who estimates losses at ECU 600 mn. for 
Germany. However, the Nilsson study is subject to much criticism, as is 
discussed in the UK report. As a percentage of German forest output the 
results of our study amount to 3.6%. 

8.5.2. Loss of recreational value/existence value 

The Dose-Response approach left no room for evaluating the loss of recrea­
tional value due to forest damages. Ewers (1986), however, considered several 
kinds of cost categories in the area of leisure and recreation: Costs which 
are paid 

• by the users of forests (user costs), 
• by the leisure industry, 
• by people not actually visiting forests but willing to pay for the possibility 

of using them (non-user costs/existence value). 

As a consequence of forest damages, fewer visits to forests and fewer holidays 
in forest areas were estimated. On the basis of these estimations a yearly 
damage in the field of leisure time and recreational activity of ECU 1.15 to 
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Table 8.9. Estimated forest damages (based on leisure time/recreational activities) in West 
Germany in 1986 

Damage category 

Damage in the case of strict 
clean air aims 

Damage if air pollution 
remains high 

Source: Ewers (1986). 

Absolute 
damage in 
billion ECU 

1.15-3.15 
2.1-5.65 

In % of 
GNP 

0.04520-0.12381 
0.08254-0.22207 

Loss per 
capita in 
ECU 

18.18-49.80 
33.20-89.32 

3.15 billion was calculated. This figure, however, is only valid when very strict 
clean air aims are realized (only West Germany). If air pollution remains at 
the level of the beginning of the eighties, damage in the area of leisure time 
and recreational activities will amount to as much as ECU 2.1 to 5.65 billion. 
The minimal and maximal limits depend on the discount rate the estimate is 
based upon. Details are given in Table 8.9. 

8.5.3. Costs of compensatory activities 

Kroth et al. (1989) examined the silvicultural measures which forest manage­
ment applies to counteract forest damages and investigated their costs for 
Germany. Table 8.10 shows the total forest areas in West Germany to which 
these measures have been applied between 1988 and 1992. The table lists only 
those measures which have been agreed by experts to have mitigating effects 
and of which a separation from normal operation is possible. Using this method, 
the total costs for West Germany are in the range of ECU 41.2 and 112.9 
million per year during a period of five years. 

8.6. Materials 

The results in this section relate only to West Germany. 

8.6.1. Industrial property 

Transmission pylons 
Assuming a price of 10-15 ECU per m2 the additional costs of maintenance 
in West Germany are about ECU 2.5 million per year (Isecke et al., 1991). 

Railway contact line system 
Estimating about 20 ECU per m2 coating the transmission related maintenance 
costs sum up to ECU 2 million. 
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Table 8.10. Costs of mitigating measures and forest areas totally affected in West Germany 
between 1988 and 1992, selected from Kroth et al., 1989 

Forest area 
used 

Total costs ECU mn./year 
Mitigating measure 

( 1988-1992) 
in 1000 ha Costs in ECU/ha (1988-1992) 

Liming and supplementary 
fertilisation 

Site mapping 
Reforestation of damaged 

stands 
Remodelling 
Cultivation of underwood 
Renovation of protection 

forests 
Biological protection of forests 
Reduction of deer 

Total costs 
Total costs in % of GNP 

(10- 3 ) 

Total costs per capita 
inECU 

1 Mean value. 
2 Only state forests. 

28-230 150--500 
344 33.5-35 

0.3 0-5,000 
1.7-4.0 2,500--10,000 
2.4-6.0 600--5,100 

0.16 30,0001 

n.a. n.a. 
n.a. n.a. 

Source: IER (1994), according to Kroth et al. (1989). 

Railway bridges 

6.85-51.3 
2.4 

4.95 
14.6-32.0 
5.3-12.9 

4.8 
1.75 
0.5-2.752 

41.2-112.9 

1.62-4.44 

0.65-1.78 

Applying ECU 581m2 on the total layer area (15 million m2 ) one obtains about 
ECU 3.5 million additional maintenance costs (Isecke et al., 1991). 

Mineral oil depots 
There are additional maintenance costs of about ECU 7 million per year 
(Isecke et al., 1991). 

Sludge towers 
There are total estimated external costs of about ECU 1 million due to damage 
in the coatings (Isecke et al., 1991). 

The results are summarised in Table 8.11. 

8.6.2. Cultural assets 

For cultural assets only damage prevention expenditures can be shown. The 
following table indicates the restoration costs of monuments and other cultural 
assets in Germany. 
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Table 8.11. Maintenance costs for selected industrial property groups in West Germany in 1987 

Total costs Total costs Total costs 
per year in in % of GNP per capita 

Object million ECU (in 10- 4 ) in ECU 

Transmission pylons 2.5 1 0.04 
Railway contact line system 2 0.8 0.03 
Railway bridges 3.5 1.4 0.06 
Mineral oil depots 7 2.8 0.11 
Sludge towers 0.4 0.Q2 

Source: Isecke et al. (1991). 

Table 8.12. Damage prevention expenditures on cultural assets in West Germany 

Location 

Federal Republic 
of Germany 

Munster 
Cologne 

Cologne 

Freiburg 

Ulm 

Objects 

All municipal bronze 
monuments and 
sculptures 

All metal sculptures 
in museums and 
open air 

All medieval stained 
glass 

Artifacts in museums 

Castle facade 
Cathedral stained 

glass windows 
Cathedral facade 

Cathedral stained 
glass windows 

Cathedral stained 
glass windows 

Source: Feenstra (1984); Altshuller et al. (1983). 

8.6.3. Residential buildings 

Period Costs in ECU 

Annual 2 million 

Annual 0.5 million 

10 year cost 1-1.5 million 
estimate 

During 15% of 
construction construction 

costs 
1965-73 0.5 million 
1978 220,000 

Annually 1.5-30 million 
(1977-97) (estimated) 

1978 75,000 

Total cost 1.5 million 

The method used for calculating the air-pollution-related additional mainte­
nance costs was the prevailing practice method also taking account of dose­
response functions. This method is based on the comparison of maintenance 
costs in polluted areas - taking mainly S02 into consideration - and less 
polluted areas. However, the values from prevailing practice concerning 

• the renewal of corrosion protection systems, 
• the exchange of construction elements, 
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• the maintenance of damaged construction elements and 
• cleaning 

differ considerably, in part, from values which can be expected according to 
dose-response research. 

In order to quantify the effect of air pollutants on materials, the atmospheric 
concentration is not the most important factor. Rather the effects of anthropo­
genically caused pollutants directly on the material playa major role. Location 
alone can influence the mechanisms and can lead to different exposure of 
materials in a region of same pollution concentration. So it is very important 
to consider practical values rather than dose-response functions only. 

A very good corrosion protection system leads to a longer lifetime of 
materials which tend to reduce maintenance costs. There are no differences 
between urban and city regions in choosing a corrosion protection system. It 
is extremely difficult to give a final evaluation of air-pollution-related effects 
on materials because additional factors like weathering can hardly be isolated. 
The situation is particularly bad for residential buildings since there are no 
long term statistics on the effects of air pollutants. The current maintenance 
measures are highly dependent on the budget of owners, authorities and build­
ing companies. The data for estimating the maintenance costs of transmission 
towers, bridges, contact line systems, mineral depots and sludge towers are 
based on intensive surveys of electric companies, the German railway and 
various companies. 

Concerning the costs in residential buildings, the data used need to be 
examined. Modelled data as well as the mean values for maintenance intervals 
need to be examined by dose-response research in the near future. Data on an 
industrial building identikit is totally lacking at present so that the actual 
damage costs may lie above those indicated in the study. 

In spite of these reservations, the following estimates have been made. 
Table 8.13 gives the major costs of air pollution on buildings for different 
construction elements, classified as 'A' and 'B'. The figures are for small cities 
(less than 100,000 inhabitants). For larger cities, the figures are given in columns 
'A*' and 'B*'. 

The additional costs of about ECD 1.5 billion in smaller cities and of about 
ECD 0.87 million in cities with or with more than 100,000 inhabitants show 
only the approximate costs of air pollution. The true value might lie between 
those two figures, since an exact examination regarding the relationship between 
ambient air concentration and materials damage is missing. And the statements 
given by the building companies on the lifetime of the construction elements are 
often only rough estimates. 

In addition to the costs given in Table 8.13, we have the costs of cleaning 
windows due to dust. A survey among cleaning companies showed that win­
dows are cleaned every 2 months in polluted areas and only every 3 months 
in unpolluted areas (mean values). Taking cleaning costs of ECD 0.5/m2 one 
obtains the following Table 8.14 showing the mainly dust related cleaning costs. 
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Table 8.13. Pollution related costs in residential buildings in West Germany (ECU mn) 

Construction element A B A* B* 

Coat of paint 137.165 43.09 73.81 28.14 
Plaster and facades 318.95 98.665 173.485 66.025 
Balconies 29.845 13.78 21.865 8.97 
Gutters 61.225 19.175 32.245 12.575 
Roofs 161.59 50.305 86.88 33.18 
Windows 394.42 124.245 212.24 80.945 
Windowsills 35.635 10.805 19.175 7.31 
Chimneys 2.965 0.955 1.59 0.61 

Total costs 1,141.695 361.02 621.29 237.6 
Total costs in % 4.487 1.419 2.442 0.934 

of GNP (in 10-2) 

Source: Isecke et al. (1991). 

Table 8.14. Costs of cleaning windows per year in West Germany (ECU mn) 

Construction element A B A* B* 

Windows 179 56 96 37 

Source: Isecke et al. (1991). 
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CONCLUSIONS, IMPLICATIONS FOR POLICY 
AND FUTURE RESEARCH 

This section reviews the results and makes a broad assessment of their credibil­
ity. The underlying methodology is re-considered in the light of the results and 
its limitations are noted. Each receptor category is considered in turn. 

9.1. Health 

In comparison to a study by Schulz (1985), which quantified the monetary 
value of a nationwide improvement of air quality in West Germany at ECD 14 
billion, this study shows that about ECD 13 billion is needed solely to compen­
sate for damage due to S02.1 This high value describes the current state when 
no further S02 reducing measures are taken. The size of costs, however, makes 
clear that the benefit of additional air cleaning measures will be substantial, 
not only in the field of health. 

The precise monetization of ozone damage is still a problem because of the 
lack of a simulation model. Dispersion models are the only instruments of 
emission-related evaluation of emission reduction. But on the one hand the 
emission data must be significantly improved, e.g. the VOC emissions must be 
examined by proper experiments. On the other hand, the research concerning 
the models themselves must be accomplished. For example, meteorological 
data must be adapted to the requirements of dispersion models. In addition, a 
further and more general methodological difficulty is the definition of correct 
baseline data. This is true for PMlO as well as for acid deposition. Future 
research should be undertaken in this area. 

9.2. Noise 

Road traffic accounts for over 60% of noise costs and is by far the largest 
contributor. Since it turned out that that the willingness-to-pay increases only 

1 In the Schulz study, the air quality improvement is described as 'air in small towns'. The 
willingness-to-pay shows no information deficits. It has to be mentioned that this willingness-to­
pay survey is not only directed towards health impacts of air pollution, but also to damage in 
materials as well as forest and plant damages. 

223 
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slightly as noise increases, it is recommended that politicians promote those 
noise protection measures that yield the greatest possible effect: general primary 
noise protection measures (e.g. construction of quiet machines) are more likely 
to produce a greater overall benefit than secondary measures (e.g. construction 
of sound absorbing walls) which merely serve those persons exposed to high 
noise impact. 

9.3. Crops 

The agricultural damage due to S02 was about 165 million ECU in 1990. 
Effects of other pollutants like 0 3 on yield or indirect effects had to be neglected 
as either dispersion calculations are missing or dose-response models are not 
available. Research shows that the damage induced to crops depends strongly 
on the SOrsensitivity of the plants. One surprising result is that the S02 
critical loads developed for human health are too weak to prevent yield loss. 
This evidence and the not negligible damage should state an incentive to further 
investigate critical loads. 

9.4. Forests 

The monetized damage costs in the field of leisure time and recreation activities 
were calculated to lie between 1 and 3 billion ECU if strict clean air aims are 
reached. Additionally the defensive expenditures amount to between 40 and 
110 million ECU per year. The reduction in wood output was calculated using 
the dose-response approach and amounted to 22 million ECU. 

For comparison with the dose-response method in the wood production 
area, Ewers (1986) found a minimum forest damage between 1.15 and 1.45 
billion ECU per year. The forest damage relates to a reduction in wood 
production and compensatory activities; wood production, however, has the 
major percentage. Thus there is a big difference between his figures and ours, 
which amount to 60-120 million ECU. As we noted earlier, however, there are 
some much higher estimates of forest timber loss (particularly Nilsson's work). 
The team felt that these were on the high side. 

This figure as well as the physical description of the forest state in this study 
prove an urgent need for forest protection measures. Also 'soft' heuristic meth­
ods such as the defensive expenditures approach should be taken into 
consideration. 

9.5. Materials 

This is perhaps the area with most methodological difficulties. While damages 
in form of higher maintenance costs in residential buildings and the public 
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infrastructure are relatively easy to calculate, damage to cultural assets is still 
hard to quantify. If one assumes the contingent valuation method as the only 
correct monetizing procedure, it is evident that the costs of restoration do not 
reflect the 'true' damage value. It is important to know the willingness-to-pay 
for the 'rescue' of cultural buildings, since only then the irreversible damage, 
including aesthetic values, can be evaluated. However, there is an immense 
variety of historically valuable cultural buildings. It is recommended that 
analyses on every single monument must be done. In Germany, there is great 
need for further research in this area. 
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CHAPTER 1 

INTRODUCTION 

1.1. Background 

The purpose of this report is to document the application of the common 
GARP methodology to Italy and present some preliminary estimates of 
national level damages. For a more detailed and scientific discussion of the 
general approach the reader should refer to the Synthesis Report. The study 
focuses on a selected range of impacts following an extensive review of the 
available data, applicable dose-response relationships and valuation informa­
tion for Italy. Table 1.1 gives a summary of the study scope for Italy. 

In contrast to the other country studies this report does not provide valua­
tion estimates for damage caused by noise pollution on amenity values, nor of 
forest and materials damage. The available quantitative information on noise 
pollution was almost non-existent at the time of writing. The same limitations 
apply to the assessment of air pollution damage to building materials and to 
forests. However, a significant effort has been made in the collation of basic 
data that could provide a foundation for more advanced future research in 
this area. 

1.2. Methodology 

The analysis of damages proceeds in three parts: 

• identification of pollutant levels; 

Table 1.1. Pollutants and receptor variables covered in Italian assessment 

Health 

PM lO A 
S02 A 
NO. A 
0 3 A 

A - impact assessed. 
NQ - impact not quantified. 
NE - no significant impact. 

Crops Forests 

NE NE 
A NQ 
NE NQ 
NQ NQ 

S02 and NO. include acid deposition impacts more generally. 
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Ecosystems 

NE 
NE 
NQ 
NQ 

Materials 

NQ 
NQ 
NQ 
NQ 
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• assessment of impacts; 
• valuation of impacts with assessment of uncertainty and identification of 

key sensitivities. 

Much of the basic methodology for this analysis has already been identified in 
the work completed within the EXTERNE project (see European Commission, 
1995a-f). Indeed, one of the objectives of this study is to assess the applicability 
and transferability of the methodological framework established in EXTERNE to 
the assessment of national level damages. 

The study aims at assessing the damage caused by anthropogenic emissions 
on selected receptors. Damage is therefore assessed on an incremental basis, 
with respect to background pollution levels in the absence of human activities. 
Damage estimates are receptor-based rather than source-based. This means that 
the issue of transboundary pollution is not considered in the current study, the 
main reason for this choice being that damage caused to other countries by 
anthropogenic emissions originated in Italy are not directly relevant to the 
welfare of Italy's residents. 

The impacts on the selected receptors are assessed in physical terms using 
the dose-response function approach. The reader is again referred to European 
Commission (1995a-f) for a discussion of the applicability and limitations of 
such functions. In addition, the more recent literature on the subject has been 
carefully reviewed by the members of the project team in order to re-appraise 
the suitability of some of these functions, to assess their applicability to the 
assessment of non-marginal changes in pollution and additional impact 
endpoints. 

The valuation stage of the assessment adopts the concept of willingness-to­
pay as the underlying foundation. Where no economic valuation of the impacts 
was possible because of lack of physical and/or monetary data, damages have 
been assessed qualitatively and results reported in physical terms. 

A large amount of uncertainty surrounds this sort of exercise: scientific 
uncertainty regarding the relationships between pollution and its physical 
impacts on the various receptors, uncertainty regarding baseline pollution levels 
in the absence of human activities, uncertainty occurring in spatial transmission 
mechanisms between emissions and ambient air concentrations or depositions, 
uncertainty regarding the economic valuation of the various impacts and its 
underlying assumptions. 

One of the objectives of the study is to provide figures that are useful to 
identify real and potential problems linked to the impact of anthropogenic 
activities on the natural environment and that can be used in making policy 
decisions in the environmental area. The credibility of results from the study 
requires the carrying out of some sensitivity analysis both at the impact and 
at the valuation stages. The team agreed to identify the extent of uncertainty 
at the valuation stage by quoting upper and lower bounds for most figures. 

Due to consideration of space and to avoid repetition, these methodological 
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issues have not been considered here in detail. A complete and detailed discus­
sion can be found in the Synthesis Report, Chapters 1 and 2. 

1.3. Air quality data 

At the outset of the project it was agreed that, where available, national data 
on atmospheric emissions and air quality should have been preferred to data 
contained in international datasets. The main reason being that, although data 
sources are not consistent and therefore fully compatible across countries, 
national data sources offer greater resolution than pan-European datasets such 
as EMEP and WHO. Over and above this relevant remark, in the case of Italy 
it has to be noticed that the availability of data from pan-European datasets 
is relatively limited compared to the other countries involved in the project. 
As far as the EMEP air quality monitoring network is concerned, for example, 
the Italian contribution was limited to four active stations in 1989 
(Montelibretti, Stelvio, Ispra, Arabba), all located in the Northern part of 
the country. 

Italy generates levels of SOx, NOx and CO2 per unit of GDP and per capita 
which are well below the OECD average (ENEA, 1992; Ministry of the 
Environment, 1992). In 1990, emissions of SOx amounted to 1,800,000 tonnes. 
From 1980 onward they have constantly declined as a result of two main 
factors: the gradual substitution of other fuels with natural gas and the lowering 
of the percentage of sulphur content in gas oil for heating and vehicles. 
Emissions of nitrogen oxides (NOx) have risen since 1970 and particularly over 
the period 1985-1990 to reach 2,000,000 tonnes in 1990. The transport and 
the power sectors are the major emission sources (55% and 30% respectively). 
Emissions of total suspended particulates (TSP) amounted to 500,000 tonnes 
in 1990. Much of the 1985-1990 increase can be accounted for by the construc­
tion material sector, with decreasing contribution from the steel and diesel­
engine vehicles. The transport and industrial sectors are each responsible for 
about 45% of total emissions. 

1.3.1. The air quality monitoring network in Italy 

The most recent study on the air quality monitoring networks in Italy dates 
back to 1989 (ISS, 1989) and describes the state of the art as of 1986. According 
to this study, in 1986 there were a total of 806 monitoring sites, over half of 
which measured S02 and a quarter measured TSP. Of the remainder there 
were sites measuring N02, NMVOC, 0 3 , CO, Pb, and F. The number of sites 
and type of pollutants monitored varied widely from region to region. Stations 
were not evenly distributed over the national territory. In some regions, different 
networks (industrial, local, regional) overlapped, while in others the geographi­
cal coverage was very poor. At the time of the report there were no monitoring 
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sites in two regions (Molise and Basilicata, in the Central and Southern part 
of the country respectively). Table 1.2 shows the distribution of monitoring 
stations per administrative region for the year 1986 together with the type of 
air pollutants measured. The ISS study did not give any information on the 
existing monitoring networks with regard to the location of the monitoring 
sites (i.e. urban, industrial, versus rural areas), nor on the extension of the 
monitored territory, the population exposed to the pollutants, monitoring 
methods and procedures. 

A Ministerial Decree of May 20, 1991 required an updated inventory of the 
air quality monitoring network in Italy to be developed, including information 
on the extension of the network, the number of fixed and mobile stations, the 
characteristics of the measurement sites, the pollutants and climate parameters 
measured and the measurement techniques, the efficiency of the stations as well 
as data handling procedures. To date, the results of this inventory are not yet 
available. Reporting to the Ministry of the Environment has been incomplete 
and, in 1991, the data received covered only 39 of the 94 administrative 
provinces (including public and industrial networks). 

Available information show a distribution of monitoring sites which is still 
highly non-homogeneous over the national territory: stations are concentrated 

Table 1.2. Distribution of air quality monitoring stations and pollutants measured (1986) 

Region S02 TSP N02 Pb CO 0 3 F NMHC Total 

Abruzzo 2 2 2 2 0 0 0 0 8 
Basilicata 0 0 0 0 0 0 0 0 0 
Calabria 5 0 0 0 0 0 0 0 5 
Campania 16 9 8 1 1 0 0 0 35 
Emilia Romagna 39 27 6 6 4 5 2 3 92 
Friuli V. Giulia 8 3 2 0 2 2 0 2 19 
Lazio 12 4 1 0 0 0 0 0 17 
Liguria 29 26 5 0 0 0 0 61 
Lombardia 59 6 12 0 0 0 0 78 
Marche 1 4 1 1 0 0 0 0 7 
Molise 0 0 0 0 0 0 0 0 0 
Piemonte 52 19 3 1 2 1 0 0 78 
Puglia 9 3 0 0 0 0 0 0 12 
Sardegna 19 14 0 0 0 0 1 0 34 
Sicilia 52 14 13 0 0 1 2 8 90 
Toscana 37 30 9 13 0 0 0 0 89 
Trentino A. Adige 11 11 8 0 5 0 4 0 39 
Umbria 4 2 0 0 0 0 8 
Valle D'aosta 1 1 2 
Veneto 69 40 11 0 5 3 3 132 

Total 425 213 83 25 15 16 12 17 806 

* Monitoring stations in a network or single measurement point. 

Source: ISS (1989). 
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mostly in Northern and Central Italy and appear to be predominantly located 
in urban and industrial areas. Still no classification of station by urban, indu­
strial or rural class is available. 

Monitoring methods and procedures are not completely standardised and 
compilation and publication of results is still rather low. Data on the common 
pollutants are still limited in spite of their importance for policy decisions and, 
in particular, health protection. 

A national environmental information monitoring system (SINA) was cre­
ated in 1993. It is aimed at standardising and collecting information available 
from local and central government and other public bodies with a view to 
producing integrated databases. A standardised national air monitoring net­
work is being put into place. Attention is being given to the site selection for 
monitors - both from the point of view of broad geographical coverage and 
to achieve a balance of urban, rural, industrial and transport-related sites -
the localised positioning of monitors, standardisation of monitoring methods 
and regular quality assurance to ensure continuing reliability of data. 

The air quality pollution database for the present study was constructed by 
combining data from various local/regional monitoring networks. Where two 
or more monitoring networks were overlapping (i.e. distance between sites 
equal or less that km 10), the average of measured concentration values was 
taken. 

The reference year for the construction of the data base is 1990. Where data 
coverage for this year was poor, due to gaps in the activity of some monitoring 
stations, the database has been constructed by integrating data over a three 
year period (1989-1991). The number of 'total monitored days over the year' 
has been used as the selection criteria. National regulation on air quality 
establishes that a minimum number of observation must be available in order 
to estimate statistical parameters. This limit is equal to 75%, that is at least 
273 days per year have to be monitored in order for meaningful statistical 
parameters to be estimated. 

Figures 1.1, 1.2 and 1.3 show the distribution of point source data for S02, 
TSP and N02 obtained as a result of the above methodology. 

Figure 1.3 refers to point source data availability for N02. This is because 
NOx concentrations are not directly monitored in Italy. The national regulation 
on air quality (DPCM 28/3/1983 and DPR 203/1988) sets a standard for N02 

in terms of 98° of average I-hour concentration. Therefore data are available 
only for the annual 50° and 98° of average N02 1 hour concentration, while 
our analysis focuses on the impacts from NOx concentration. In order to 
construct the database for NOx the available data on N02 concentrations have 
been converted in annual average NOx concentration via the application of 
statistical relationships between NOx and N02 (see the following paragraph). 

Ozone (03 ) concentrations are not systematically monitored in Italy and 
the national coverage is rather poor. According to the ISS inventory (ISS, 
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Fig. 1.1. Point source data for S02 concentrations 

Fig. 1.2. Point source data for TSP concentrations 

1989), only 16 stations over the whole national area measured ozone concen­
trations in 1986, In addition, data availability on the pollutant is rather poor 
due to the high inefficiency and discontinuous activity of the monitoring sites. 
No data on ozone concentration are reported in official statistics on air quality 
(ISTAT 1991 and 1993), Via different information sources, the authors were 
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Fig. 1.3. Point source data for N02 concentrations 

able to collect some data for a limited number of rather non-homogeneous 
areas. We therefore chose to limit the assessment of damage due to ozone 
concentration to the Lombardia region, the only area in which the regional 
air monitoring network provides a sufficient data coverage for the pollutant. 

Acid depositions in Italy are monitored by the National Monitoring 
Network for Acid Depositions. As in the case of air pollution concentrations, 
stations are not evenly distributed over the territory, but are concentrated 
mostly in Northern and Central Italy. They are mostly rural in the South and 
Islands, whereas those for the North are predominantly urban and industrial. 
Measured values include medium and mean concentrations of PH and major 
chemicals (ammonium, calcium, magnesium, sodium, potassium, nitrates, sul­
phates, chlorides, etc.). Only wet depositions are considered and measured 
weekly. Data are available also in an EMEP grid format (50 km x 50 km). 

1.4. Data modelling 

Four methodological issues will be dealt with in this section. The first issue 
concerns methods for moving from point source data on pollution concen­
trations to values for homogeneous areas. The second issue relates to the 
conversion of data on 50° and 98° percentile of N02 concentrations to data 
on average annual NOx values. Thirdly, the choice of the conversion factor 
from TSP to PMlO values will be briefly addressed. Finally, the identification 
of background non-anthropogenic concentrations for the pollutants under 
consideration will be discussed. 
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1.4.1. Mapping pollution concentrations 

Early in the study the working group on the project decided that the approach 
taken would be based on spatially dis aggregated analysis of environmental 
damages in each country. Accordingly, the land area in each country has to 
be zoned following certain factors that could vary between pollutants. Two 
alternative approaches can be followed in order to map pollution 
concentrations: 

• modelling the long range transport of pollutants in the atmosphere starting 
from emissions data; 

• using measured data. 

The first approach implies the use of ad hoc simulation models that use 
meteorological data and emission data to produce maps of pollution concen­
trations on the ground and/or of pollution depositions. Different models have 
been developed in the last 20 years for this purpose: box models (Fisher, 1975; 
Venkatram, 1985) statistical models (Rodhe, 1972; Fisher, 1978), Lagrangian 
and Eulerian models (OEeD, 1977; Eliassen, 1978; Eliassen and Saltbones, 
1983; Eliassen et at, 1988; Iversen et aI, 1989). The use of simulation models 
is very useful when one must predict the impact on the environment of certain 
events (such as, for example, operation of a new industrial plant), when different 
emission scenarios have to be evaluated and, more generally, when a certain 
environmental phenomena must be related to one or more causes (i.e. identifi­
cation of the specific contribution of a certain emission source to a given 
impact). 

Our study aims at evaluating the impact of selected pollutants upon certain 
receptors. In order to define pollution concentrations for homogeneous zones 
it was decided to rely on data measured at monitoring stations. 

How do we construct concentration data that apply to regions covering the 
whole country starting from point source concentration values? Various alterna­
tive approaches can be followed data interpolation, determination of 'areas of 
influence' for each monitoring station, definition of homogeneous regions, etc. 

Interpolation allows one to obtain data distributed on a regular grid starting 
from sparse values. Different types of interpolation methods are available from 
the literature: nearest point, inverse of the distance, Kriging, etc. The major 
limit of these methodologies is that they are pure geometric algorithms and do 
not take into account factors that may have a significant influence in the spatial 
distribution of pollutants (e.g. the morphology, climatic variables, etc). In 
addition, interpolation methods are not appropriate to map secondary pollu­
tants - such as ozone and acid depositions - that show a very high spatial 
variability. 

Defining an area of influence for each monitoring station - an area in which 
the concentration is assumed to be constant and equal to the value measured 
at the station. Once the areas of influence have been defined for each station, 
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the aggregation at the regional level is based on a weighted average of the 
concentrations measured at all the stations for which the area of influence 
overlaps the area of the administrative region, the weights being the ratio 
between the overlapping portion of the area of influence and the total area of 
the region. In mathematical terms: 

Cr=Pj*Cj 

where: 

Cr average concentration over region r 
C j concentration of area of influence i 
P j ada., 
aj portion of area of 'area of influence' of station i overlapping region r, 
ar total area of region r. 

This method allows to easily and rapidly obtain data that apply to regions. 
However, it is purely geometric, even if some constraints could be set in order 
to account for geographical and climatic factors. 

The third approach consists in defining a number of homogeneous sectors 
grouping those geographical areas that present similar morphological and 
meteorological characteristics, and have similar distributions of polluting emis­
sions. In our study we decided to follow the third method in so far as it better 
allows to take into account a number of factors that may play an important 
role in determining the spatial distribution of pollution concentrations. Nine 
'homogeneous sectors' have been identified for Italy: North-West sector, 
Central-East Alps, Padania region, Tirrenian sector, Adriatic sector, South­
West sector, South-East sector, Sicily and Sardinia (Centro per 10 Studio della 
teo ria dei Sistemi, 1993, mimeo). They are shown in Figure 1.4. 

The concentration associated with each sector is obtained by averaging the 
concentrations measured at the monitoring stations that fall into that sector. 
Once concentration values have been constructed for each of the 9 homogen­
eous sectors, data on pollutant concentrations at the level of administrative 
region have been derived. Each administrative region takes the concentration 
of the sector in which it falls. In the case of regions that overlap more than 
one sector - such as Lombardia and Veneto - the concentration value is 
obtained by a weighted average of the concentrations of the sectors they belong 
to, the weights being the portions of the territory of the region overlapping 
each sector. The method has been applied to map pollution concentration of 
S02, PMlO and NOx ' 

1.4.2. Deriving NOx concentration levels from data on N02 

Official statistics on air quality in Italy do not provide any data on NOx 

concentrations. Only data on 50° and 98° percentile of average 1hour N02 
concentrations are available, according to the requirement of the national 
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Fig. 1.4. The 9 homogeneous sectors 

legislation on air quality standards. The relations between N02 and NOx were 
taken from a statistical study on the urban area of Milano, in Northern Italy, 
where time series of both N02 and NOx were available (Giuliano, 1993). 
Unfortunately, since no other data on NOx concentrations were available, the 
computed values for NOx could not be validated. Furthermore, it is not clear 
to which extent the proposed relations can be extrapolated to contexts that 
may be different from the one in which they were derived. The reference study 
proposes the following statistical relations between annual mean of N02 and 
50° and 98° percentiles: 

A linear model: 

P98 = 1.775* M a;N02 + 68.04 

P50 = 0.8953* M a;N02 - 1.28 

Or a log-normal model: 

P98 = 2.582* M a;N02 

P 50 = 0.8687 * M a;N0 2 

( 1a) 

( 1b) 

(2a) 

(2b) 

In addition, the following relation between annual mean of N02 and annual 
mean of NOx is developed: 

M = 308 8* Ma;NOx 
a;N02 • M 502 9 

a;NOx + . 
(3) 

Equations (1) and (2) showed very similar results in terms of standard error 
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and correlation coefficient; the annual mean of S02 showed a higher correlation 
with the 50° percentile than with the 98° percentile (0.9242 vs 0.7887). Equation 
(3) has a linear correlation coefficient of 0.9535. We therefore used equation 
(1b) to compute annual mean ofN02 from 50° percentile and equation (3) to 
compute the annual mean of NOx from the annual mean of N02. When 50° 
percentile was not available, equation (1b) was used. Once the annual means 
of NOx were computed, we proceeded as in the case of the other pollutants 
(see above). 

1.4.3. Converting TSP data in PMlO concentrations 

In Italy only total suspended particulates (TSP) are monitored through the 
national air quality monitoring networks. TSP data have be converted into 
PMlO by using a conversion factor of 0.60, which is the result of a review of 
other European studies (ETSU, 1993) as well as of consultation with 
national experts. 

1.5. Identification of background concentrations 

The objective of the current study dictates that damages will be estimated as 
marginal impacts, over and above some background concentration, defined as 
levels of pollution that would exist in the absence of human activity. The 
working group on the project considered that for some pollutants an estimate 
of background non-anthropogenic levels can be gauged from the concentrations 
measured in remote areas. In other cases, particularly for ozone, it would be 
necessary to rely on modelled data. 

Background levels are likely to vary from region to region, even within a 
country. The estimated damages are likely to be sensitive to the choice of these 
values. In view of this, some sensitivity analysis of damage estimates to different 
baseline values of air pollutant concentrations will be carried out where thought 
to be appropriate. 

As far as S02 and NOx are concerned, it was suggested that all countries 
use background levels which come from North West Scotland, an area that 
can be regarded as a pristine environment in Europe. This region is remote 
from major industrial activities and the prevailing south westerly winds are 
unlikely to carry a high pollution load from other countries. UK RGAR (1990) 
provide values of about 1 ppb S02 (2.618 gjm3 ) and 2 ppb NOx for this region. 
In Southern Europe higher S02 background levels could exist because of 
volcanic activity. Berreheim and Jaeschke (1982) have estimated the annual 
non-eruptive emissions of S02, H2S and S04 - from Mt. Etna in Sicily - the 
largest active volcano in Southern Europe - to be in the range of 0.05 to 
0.32 Tg S y-l. Non-eruptive emissions are estimated to be 14 times higher than 
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emissions during the eruptive phase. In addition, sulphur emissions from vol­
canic activity are estimated to be about one third of total sulphur emissions 
from natural sources (Katsoulis et aI., 1990). 

From this it follows that background level of SOl concentration in Southern 
Italy could be 30% higher than that indicated for North West Scotland (i.e. 
around 1.3 ppb;:::: 3.4 g/m3 ). Some sensitivity analysis to baseline non-anthropo­
genic level of SOl will therefore be undertaken with regard to the Southern 
part of the country. A standard SOl background level will be considered for 
Central and Northern Italy since the wind field of the area shows that the 
main air flows are from west and north-west sectors. As for NOx background 
level, in the absence of alternative indications, the value of 2 ppb indicated by 
the UK team will be used. 

Background particulate concentrations are more difficult to predict. 
Particulate matter originate from both natural processes (volcanic activity, sea 
spray, etc), and human activity. The contribution of natural versus anthropo­
genic sources varies with the diameter of particles and with the type of area 
considered (i.e. coastal versus inland). In the current study a background 
concentration of 10 g/m3 for PM lO was used, as a result of consultations with 
national experts. A sensitivity analysis to a lower, arbitrarily chosen background 
level (i.e. 7 g/m3 ) has be carried out. 

The definition of background concentrations for 0 3 is problematic as they 
vary with altitude and sunlight. Ideally, modelled data should be used. The 
present analysis will focus on damage to receptors that are confined to lower 
altitudes. (Effects of 0 3 on forests and uplands ecosystems will not be valued 
because of lack of dose-response data). Therefore, we decided to focus on the 
lower level ozone concentrations, where modeled baseline concentrations have 
been identified in 25 ppb for Southern Europe. This value is confirmed for Italy 
in Cirillo et al. (1988). 

For the reasons explained above, damage due to 0 3 concentration will be 
estimated only in the Lombardia region. It should be noted that this is a very 
industrialized and densely populated region of the country, and in some areas 
ozone levels are likely to be lower than the background value identified here. 
This is the result of the complex atmospheric chemistry of the pollutant, and 
its dependence on the relative levels of NO and NOl , that together give total 
measures of NOx . In the centre of urban areas, where the level of vehicle 
emissions is particularly high, NO dominates and consume 0 3 . Following the 
emission of NOx into the atmosphere, sufficient NO will be converted to NOz 
for the latter to dominate, driving the reaction in favour of 0 3 production. It 
is thus possible that the case study on Lombardia will estimate net benefits in 
terms of damages to human health and agriculture resulting from the effect of 
anthropogenic activity on 0 3 levels. 



CHAPTER 2 

HEALTH 

2.1. Introduction 

Laboratory experiments and public health studies in polluted environments 
show that air pollutants have effects on human health. High levels of air 
pollution have been associated with acute as well as chronic effects related to 
the respiratory system including mortality, respiratory symptoms and diseases 
that can have effects on the lung. Given the wide range of variables which 
impact on human health, it is of course difficult to derive reliable relationships 
between exposure to air pollutants and health impacts. Moreover, even where 
effects of air pollution on health are unambiguously observed, it is difficult to 
isolate the health impacts of single pollutants, given that the main air pollutants 
tend to be strongly correlated - both spatially and temporally. 

Existing studies are in good agreement that S02, NOx , particulates and 
ozone are among the major pollutants responsible for health impacts and that 
significant interactions exist between these pollutants. For example, according 
to the results of epidemiological studies, synergistic effects exist between N02 
and 0 3 , and between S02 and particulates. 

The impact of air pollution on the population depends on the concentration 
level and the sensitivity of the people. But quantitative relationships can be 
difficult to establish. In the health science, a dominant concern has been the 
development of concentration guidelines for public health authorities, i.e. con­
centration levels below which there are no measurable ill effects in health 
SUbjects. Table 2.1 reports WHO air quality guidelines set on the basis of 
toxicological, clinical and epidemiological studies. 

Significant health effects are expected if these guidelines are exceeded. There 
is some debate, however, as to whether human health is threatened even below 
these thresholds. The alternative assumption, that there is a dose-response 
function which has no threshold is equally plausible and consistent with many 
epidemiological studies. Evidence concerning health impacts at low pollution 
levels is less statistically reliable and the existence or otherwise of threshold 
concentrations remains unresolved. 

The following analysis assesses the impact of S02 and particulates on 
mortality and morbidity. Both acute and chronic impacts will be considered. 
Attention will be given to the need to avoid double counting with respect to 

243 



244 Chapter 2 

Table 2.1. WHO air quality guidelines for acid rain pollutants (g/m3) 

Pollutants I-h exposure 24-h exposure 

S02 350 1251 

TSP 
NOx 400 150 
0 3 150-200 100-1202 

1 When exposure to S02 occurs simultaneously with exposure to TSP. 
2The guidelines are for an 8-hours exposure. 

Source: WHO (1987). 

I-year exposure 

50 
120 
60 

the various morbidity impacts of a given pollutant as well as to the non­
additivity of certain exposure-response functions linking a given outcome to 
different pollutants. Health impacts of NOx on mortality and morbidity have 
been assessed by the authors. However, after consultation with the UK team 
it was decided that the results should not been included due to the high level 
of uncertainty. In addition, due to data limitations it was only possible to make 
an assessment of ozone damages in the Lombardia region. 

2.2. Stock at risk 

The health damage caused by ambient level of air pollutants depends first of 
all on the spatial distribution of the population in the country. In addition, 
available evidence shows that children and the very old may be more vulnerable 
to adverse health effects than middle age individuals. Similarly, individuals 
already suffering from asthma or other respiratory diseases are more prone to 
the negative health effects of air pollution. The age and 'sensitivity' structure 
of the population are therefore also important in determining the impacts of 
air pollution on human health. Most of the exposure-response relationships 
derived from the literature are related to certain risk groups e.g. children, old 
people, asthmatics, etc. 

Population density data used for the assessment of the health impacts in 
Italy were taken from the National Population Census of 1991, disaggregated 
at the level of administrative regions (ISTAT, 1991). To quantify the health 
impacts of air pollution within a certain risk group, the share of the risk group 
in the total population must be known. The age structure of the Italian 
population is shown below (Table 2.2). 

A significant difference exists between the Northern and Central part of the 
country on the one hand and the South and Islands on the other, with a 
greater percentage of young people living in the latter. We have therefore 
decided not to use the national mean values throughout the various administra­
tive regions but to consider the age structure specificity of each region. Instead, 
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Table 2.2. Age structure of the Italian population (%) for 1991 

Age North Central South and Islands Total 

0-14 years 13.1 14.0 20.2 15.9 
15-65 70.2 69.3 66.9 68.8 
65 and above 16.7 16.7 12.9 15.3 

Source: ISTAT (1991). 

no distinction was made between urban and rural areas, although the age 
structure is likely to vary between the two. Exposure-response functions for 
children were based on those aged less than 14 years. The proportion of 
asthmatics in the population was estimated as 7% regardless of age (I STAT, 
1991 ). 

Mortality data at the regional level are published annually by the National 
Statistical Office (ISTAT). The baseline all-cause death rates for each region 
have been used to assess the mortality impact of the selected pollutants. This 
includes deaths from violent or external causes whereas the selected mortality 
exposure-response functions apply to non-violent causes only. An overestima­
tion of the mortality effects is therefore implied. Average all-cause death rates 
were applied to the population at risk in each administrative region to give 
expected deaths in the at-risk population in the absence of anthropogenic 
emissions. Incremental mortality is then derived by linking the baseline data, 
the incremental pollution generated by anthropogenic emissions and the corre­
sponding exposure-response functions. The all-cause death rate for Italy is 
equal to 0.0095 deaths per person per year, equivalent to 539,391 deaths 
per year. 

2.3. Exposure-response functions and data sets 

The common set of exposure-response functions were used, as presented in the 
Synthesis Report (Tables 3.1 to 3.5). All the selected exposure-response rela­
tionships are linearized without thresholds, in accordance with the advice given 
by the epidemiologists advising the GARP team. 

The mortality analysis includes both S02 and PMlO effects on a national 
basis and 0 3 effects for the region of Lombardia. The occurrence of S02 and 
particulate matter shows a strong spatial and temporal correlation and it is 
rather difficult to separate out the specific effects of particulates from those of 
S02' A commonly used approach is to choose one index of air pollution as 
primary and to treat the relationship of mortality - as well as morbidity with 
that index - representing the more general mixture to which people had been 
exposed. Consequently, the results obtained from the exposure-response func­
tions for S02 and particulate matter have to be considered as alternative to 
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one another rather than additive. Given the need to choose, the weight of 
evidence strongly support the use of PM lO mortality as the primary result. The 
results from acute and chronic mortality are also not additive. 

The analysis of morbidity effects included most of the endpoints presented 
in the Synthesis Report (Chapter 3, Table 3.9). 

The use of exposure-response relationships requires spatially resolved data 
on ambient air concentration of the relevant pollutants. It is assumed that the 
annual average concentrations are a good measure of exposure. The estimated 
impacts are based on a dataset of mean annual concentrations of SOz, NOx 

and PM lO monitored throughout the entire national territory and adjusted for 
homogeneous areas as described in Chapter 1. Damage has been assessed on 
a marginal basis with reference to the chosen background concentrations. 

Given that the selected exposure-response functions are independent from 
background levels, the link up of population and incremental pollution data 
can be summarised as a population weighted annual average of incremental 
pollution. This is obtained by multiplying the estimated incremental pollution 
in each region by the estimated population at risk in that region, summing the 
products over regions and dividing by the total population at risk. 

2.4. Estimated impacts and valuation 

Results of the implementation are given in a series of tables organised by 
pollutants and type of health impact. Sensitivity analysis to different back­
ground levels (i.e. 7 llg/m3 vs. 10 llg/m3 for PM lO ; 1.3 ppb vs. 1 ppb in the 
Southern part of the country for SOz) was carried out in order to assess the 
distribution of the results. 

For the monetary valuation of mortality a figure of ECU 2.6 million for the 
Value of a Statistical Life (VOSL) was used in the initial calculations which are 
presented below. These can be assumed to represent 1990 prices. In the Synthesis 
Report all the estimates were updated to 1995 prices. The various endpoint 
valuations for morbidity impacts were also originally calculated with 1990-based 
values. Again, the final values and updated estimates can be found in the 
Synthesis Report. 

The estimated impacts for deaths, particularly deaths due to chronic effects 
appear rather high (see Table 2.3). There was a consensus among the GARP 
team that the function used to estimate chronic deaths should be regarded as 
an upper estimate of damages. For validation we have compared the results 
against independent data, i.e. mortality statistics. In 1991, in Italy there were 
539,391 deaths, 240,738 of which were from diseases of the circulatory system 
and 32,902 from diseases of the respiratory system. The figure for acute mortal­
ity due to PM lO are equivalent to 41.7% of those who die from diseases of the 
respiratory system and 5.1 % of those who die from either respiratory or 
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Table 2.3. Acute and chronic mortality impacts from incremental PMlO and S02 

No. of cases Damages (ECU million) 
Back-

Endpoint ground Low Mid High Low Mid High 

PMlO 10 Ilm-3 8,653 14,061 19,605 22,498 36,560 50,974 
Acute effects 7 1lffi-3 9,689 15,744 21,951 25,191 40,936 57,074 
PMlO 10 1lffi-3 39,886 52,191 64,495 103,706 135,696 167,687 
Chronic effects 7 Ilffi - 3 44,660 58,437 72,213 116,117 151,936 187,756 
S02 10 Ilm-3 6,835 17,773 
Acute 7 Ilm-3 6,711 17,450 

circulatory system diseases. The figures for S02 are 20.7% and 2.5% respec­
tively. The figures for chronic mortality are an incredible 158% of those who 
die from diseases of the respiratory system, and 19% of those who die from 
either respiratory or circulatory system diseases! Further investigation of these 
exposure-response functions is clearly warranted. 

Italian GDP in 1990 amounted to about ECU 862 billion (where 1 ECU = 
LIT 1522). The total economic damage from the selected air pollutants range 
from 2.56% to 4.74% of GDP depending on whether the acute mortality figure 

Table 2.4. Acute morbidity impacts from incremental PM lO 

No. of cases (OOOs) Damages (ECU million) 
Back-

Endpoint ground Low Mid High Low Mid High 

Respiratory 10 Ilm-3 1.4 2.1 2.8 9.1 13.8 18.4 
HAs 7 Ilffi - 3 1.6 2.4 3.2 10.5 15.9 21.3 

HAs for 10 Ilm-3 1.8 2.5 3.3 11.9 16.7 21.6 
COPD 7 1lffi-3 2.0 2.9 3.8 13.6 19.2 24.9 

ERVs for 10 Ilm- 3 6.5 8.0 9.6 1.2 1.5 1.8 
COPD 71lm - 3 7.4 9.3 11.0 1.4 1.7 2.0 

ERVs for 10 1lffi-3 4.5 7.1 9.6 0.8 1.3 1.8 
asthma 7 1lffi-3 5.1 8.2 11.0 0.9 1.5 2.0 

Visits for 10 Ilm-3 24.3 32.4 42.6 4.5 6.0 7.9 
child group 7 1lffi-3 28.0 37.4 49.1 5.2 6.9 9.1 

RADs 10 Ilm-3 35,500 55,600 87,300 2,212 3,472 5,448 
7 Ilm-3 40,900 64,100 100,600 2,550 4,002 6,280 

Asthma 10 Ilm-3 546 10,900 16,400 17.0 342 513 
attacks 7 1lffi-3 630 12,600 18,900 19.7 394 591 

Symptom lOllm-3 245,300 591,300 766,000 1,545 3,725 4,826 
days 7 1lffi-3 282,800 725,400 883,000 1,781 3,231 5,563 

Notes: 
HA Hospital Admissions. 
COPD Chronic Obstructive Pulmonary Disease. 
ERV Emergency Room Visits. 
RAD Restrictive Activity Days. 
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Table 2.5. Estimated chronic morbidity impacts from incremental PM IO 

No. of cases (OOOs) Damages (ECU million) 
Back-

Endpoint ground Low Mid High Low Mid High 

Chronic 10 Ilm-3 421.4 655.6 880.3 58.2 90.5 121.6 
bronchitis 7 1lID-3 485.0 754.4 1,013.0 67.0 104.1 139.9 
in adults 

Respiratory 101lm-3 561.9 889.7 12.081 77.6 122.9 166.8 
illness in 7 1lID-3 646.7 1023.8 1,390 89.3 141.3 192.0 
adults 

Chronic 10 1lID-3 151.8 287.6 425.2 21.0 39.7 58.7 
bronchitis 71lm-3 176.6 334.5 494.5 24.4 46.2 68.3 
in children 

Chronic 101lm-3 184.0 369.8 559.1 25.4 51.0 77.2 
cough in 7 1lID-3 214.0 430.1 650.3 29.5 59.4 89.8 
children 

Table 2.6. Estimated chronic morbidity impacts from incremental S02 pollution 

No. of cases Damages (ECU million) 
Back-

Endpoint ground Low Mid High Low Mid High 

HAs for chronic 
bronchitis 101lm-3 479 484 488 3.76 3.81 3.84 

ERVs for 
COPD 101lm-3 753000 767000 779000 168 171 174 

from S02 pollution is considered as the primary result as opposed to PMlO • 

The latter is equivalent to about 4.2% of the GDP while the former represents 
around 2%. As far as morbidity impacts are concerned, the dominant factor 
appears to be the short term impact of PMlO • However one should note that 
these results are influenced also by the greater availability of exposure-response 
studies on PMlO as opposed to the other pollutant. 

2.5. Conclusions 

The above estimates of health damages caused by anthropogenic emissions 
show a considerable range of variation according to the exposure-response 
functions that are applied. Given the lack of Italian studies establishing expo­
sure-response coefficients for both mortality and morbidity effects, the analysis 
has relied upon functions derived in the US and in other European countries. 
The extent to which it is feasible and correct to transfer health dose-response 
relationships developed in other contexts is debatable. 
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In general, it is argued that transferability depends on the endpoint being 
considered: if the endpoint represents a pure biological event as opposed to a 
health event that involves social and cultural decisions, then transferability is 
likely to be more justifiable. This is because in the case of biological events the 
health impact only depends on the health status of the individual and its 
identification and reporting is not influenced by cultural factors and/or by the 
social system governing health care (availability of health care services and 
their costs). Hence, for example, transferability is more correct in the case of 
exposure-response functions relating air pollution concentrations to asthma 
attacks, while greater care should be paid when considering the impacts of air 
pollutants on restricted activity days (RAD), hospital admissions (HA) and 
emergency room visits (ERV). The same remarks apply to mortality impacts. 

However, even in the case of biological events, extrapolation is subject to 
other limitations. Mortality and morbidity impacts of air pollution vary with 
the age as well as health profile of the population and the available functions 
are not sufficiently refined to take these differences into account. Therefore, the 
extrapolation of relationships derived in other countries is likely to result in 
some biases in the final estimates of health impacts. 

Finally, the issue of transferability also emerges when considering the specific 
pollution mixture (context) to which the relevant population is exposed. At the 
beginning of the chapter we have underlined that a significant spatial as well as 
temporal correlation exists between various air pollutants and that, consequently, 
the health impact on the population is the result of the specific pollution mixture 
to which the population is exposed. In transferring the exposure-response func­
tions available in the literature we have assumed that the Italian population is 
exposed, throughout the entire national territory, to the same air pollution mix­
tures as the population of the original studies. This may of course not be true, 
particularly when considering the urban versus rural context. 

In our study, we have tried to extend the analysis to cover both acute and 
chronic health effects in order to take account of the full health impacts of the 
pollutants under consideration. In addition, a number of different morbidity 
endpoints have been considered, both for acute and chronic impacts. 

In some cases these endpoints cannot be added together This is true both 
in the case of one single endpoint linked to two or more air pollutants and in 
the case of different endpoints relating to the same pollutant. Hence, for 
example, in the case of S02 and PMlO the mortality outcomes are not additive 
and results have to be considered separately. However, we have seen that the 
choice of one pollution index as opposed to the other greatly influences the 
results of the analysis. Moreover, it is not clear to what extent the relationship 
with one of the two pollutants acts as a surrogate with the relationship with 
the other, and with the pollution mixture as a whole. This, in turn, leads us 
back to the transferability issue in the presence of different types of pollution 
contexts. 

On the other hand, the issue of the additivity of various exposure-response 
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functions exists also when considering different endpoints relating to the same 
pollutant. This is the case, for example, for the various morbidity impacts of 
particulates. The range of available exposure-response functions linking mor­
bidity with particulates is quite extensive and care must be taken when imple­
menting those functions to allow for the fact that some double-counting is 
implied in merely adding up all the various estimated impacts. In our estimates 
we have considered all ~he functions as additive with the exception of the dose­
response relationship for symptom days. The issue is less pressing in the case 
of S02 and NOx , given that the range of endpoints for which exposure­
response functions have been derived in the literature up to now is more limited. 

We have already underlined that the reliability of exposure-response esti­
mates from cross-sectional air pollution studies is often questionable because 
of difficulties in taking account of confounding variables, which are likely to 
result in an overestimation of the air pollution impact. The estimates obtained 
above for chronic mortality seem to confirm these difficulties. The numbers 
obtained are excessively high and comparisons with independent data (i.e. 
mortality statistics) confirm that these functions need to be carefully revised. 
On the other hand, focusing the evaluation exclusively on short-term or acute 
responses has drawbacks in terms of full coverage of health effects, in so far as 
short-term time series studies do not take account of any later or delayed 
impact of air pollution on mortality. 

Some recent studies suggest that longer term impacts might be mediated via 
development of chronic respiratory diseases. If this is the case - i.e. if longer 
term mortality is preceded by respiratory symptoms - one could, in principle, 
assume that chronic mortality effects are indirectly taken into account by 
including the development of chronic respiratory diseases in the valuation of 
air pollution impacts on human health. 

However, at present there is still scientific uncertainty on this point. In 
addition to this, even if we overcome the limited scientific knowledge and 
assume that chronic respiratory symptoms can be an adequate 'surrogate' for 
chronic mortality impacts, one further issue has to be raised. In order to 
adequately account for chronic mortality impacts through the use of chronic 
morbidity valuations, the economic value measures used to monetize the 
impacts of air pollution on chronic respiratory symptoms should take into 
account the risk of any adverse health outcomes in the longer term and the 
willingness to pay of individuals to avoid that risk. On the contrary, the 
economic valuation of respiratory symptoms used in the present analysis refers 
'only' to willingness to pay to avoid current symptoms and does not take into 
account the increased risks of mortality which might be associated with these 
symptoms. 

The essence of the above discussion is that the estimates obtained in this 
study should be regarded as first round assessment of the orders of magnitude 
for health damages. It is very much hoped that the second phase of the work 
will improve the confidence in both the underlying scientific aspects and the 
economic valuations. 
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2.6. Appendix - Ozone concentrations in Lombardia 

Due to insufficient monitoring stations at the national level it was only possible 
to undertake an assessment of health related ozone damages in the Lombardia 
region. A regional ozone air quality monitoring network exists which holds 
data on 0 3 concentrations. These monitoring stations are located mainly if not 
exclusively in urban areas. Given the particular dynamic of this pollutant (see 
Chapter 1) this is likely to result in a downward biased estimate of average 
concentration in rural zones. In Lombardia more than 75% of the population 
lives in communities with a population of more than 10,000. 

Incremental ozone pollution due to anthropogenic polluting emissions has 
been calculated with reference to a background level of 25 ppb. The total 
population is around 8.85 million, with 15% of age 65 or over. Total registered 
asthmatics equate to 7% of the population. The exposure-response functions 
used to estimate mortality and morbidity effects are presented in the Synthesis 
Report (Tables 3.1 and 3.3). The application of those functions to the risk 
group populations in the region gave the following results. 

In Lombardia there were 84,132 deaths in 1991, 40.4% of which from 
diseases of the circulatory system and 6.3% from respiratory diseases. The 
above figure for acute mortality due to ozone represent 1.73% of those who 
died from diseases of the respiratory system and 0.23 % of those who died from 
either respiratory or circulatory system diseases. 

Table 2.7. Acute mortality impacts of incremental ozone concentrations in Lombardia 

No. of cases Damages (ECU million) 

Endpoint Low Mid High Low Mid High 

Acute mortality 61 92 122 159 239 319 

Table 2.8. Acute morbidity impacts of incremental ozone concentrations in Lombardia 

No. of cases Damages (ECU million) 

Endpoint Low Mid High Low Mid High 

HAs for respiratory 411 548 653 2.71 3.62 4.31 
infections 

HAs for COPD 250 399 548 1.65 2.63 3.62 
HAs for asthma 182 369 554 5.7 11.6 17.4 
ERVs for asthma 1,111 1,700 2,262 0.2 0.3 0.44 
MRADs (OOOs) 0 1,009 3,381 0 127 259 
Asthma attacks 1,651 2,633 3,611 51.7 82.4 113 

(OOOs) 
Symptom days 1,476 2,898 4,325 9.3 18.3 27.2 

(Ooos) 



CHAPTER 3 

CROPS 

3.1. Introduction 

The impacts of atmospheric pollution on crops have been extensively studied 
both in the laboratory and in the field. Crops can be damaged directly or 
indirectly by pollutants. Direct damage is in the form of yield loss and additional 
liming measures to be taken by farmers. Indirect effects include reduced resis­
tance of crops to pests due to air pollutants, decreased resistance to stress 
caused by physical and chemical agents, etc. Moreover, significant interactions 
between pollutants and other stresses on agricultural crops may exist. These 
include the natural effects of climate, pests and pathogens (Warrington 1989; 
Houlden et al., 1990; Sommerville et al., 1990). 

Most experimental research in this area has investigated the direct effects of 
individual pollutants on agricultural crops. Relatively little attention has been 
given to synergistic and indirect effects. As a consequence, published dose­
response functions typically incorporate only direct effects of pollutants on 
plants. Existing studies are in good agreement that the most important impacts 
are due to sulphur dioxide (S02) and ozone (03 ). Any contributions from acid 
and nitrogen depositions are thought to be largely masked by addition of 
fertiliser and lime in traditional agricultural practice (European Commission, 
1995b). 

The following analysis assesses the direct effects of S02 concentrations on 
selected crop species in the form of yield changes. Quality changes, mitigating 
measures of the farmers, indirect effects and other interactions have not been 
considered. Yield changes due to 0 3 have not been assessed at the national 
level because of the very limited availability of data on ozone concentrations 
and a lack of applicable dose-response relations for Europe. 

3.2. Stock at risk 

The selection of crops with which to measure yield changes due to air pollution 
has been carried out in such a way as to give an order of magnitude of the 
economic damages occurring in the agricultural sector. This effort was ham­
pered by both the limited scientific knowledge on the sensitivity to air pollutants 
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of some major national crops and the limited availability of applicable dose­
response functions for some of these crops. 

Crops species show different sensitivity to air pollutants. Several sensitivity 
classifications based on acute as well as long term exposure to S02 and 0 3 are 
available in the literature (Taylor, 1986; Guderian, 1977; OECD, 1980). 
According to these studies crop species have been classified into: 'sensitive', 
'intermediate', 'less sensitive'. Based on these classifications a first selection of 
crops for valuing air pollution damage was made. The second criteria for the 
selection of crops was their relative importance in terms of percentage coverage 
of total cultivated agricultural land. In other words, from the above sensitivity 
list only those crops that are grown in large quantities - i.e. more that 1 % of 
total farmland - in the country have been considered for the analysis. A further 
criteria considered is the value of produce as a proportion of total agricultural 
production. 

Table 3.1 classifies crops according to their sensitivity class, percentage cover 
of total agricultural land and contribution to the total value of agricultural 
production. 

3.3. Dose-response functions and datasets 

Given the above list of selected agricultural crops, only those crops for which 
applicable dose-response functions were available have been considered for the 
analysis. Such functions were mostly derived from the EXTERNE project. In 
addition, a comprehensive review of the Italian literature on the subject has 

Table 3.1. Crop classifications 

Sensitivity Sensitivity Farmland Total agricultural 
Crop S02 0 3 (%) production (%) 

Vine vs 4.0 1.44 
Lettuce s Is 0.1 1.39 
Onion Is 0.06 0.59 
Pea s 0.1 
Spinach vs s 0.Q2 0.23 
Strawberry Is 0.02 0.97 
Winter wheat 5.5 8.47 
Spring wheat 4.0 (*) 
Rice 0.8 1.93 
Corn 2.9 4.04 
Soyabean s 1.9 n.a. 
Potato Is 4.6 1.89 
Tomato vs 4.5 2.83 
Apple 0.3 2.35 

Note: vs = very sensitive; s = sensitive; Is = low sensitive. 
(*)Value included in the figure for winter wheat. 
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been carried out in order to identify applicable dose-response relationships for 
specific national crops. In particular, a series of dose-response functions 
obtained through regression analysis of open field experimental data have been 
reviewed (Camposano et at., 1986; Cirillo et al., 1988; Triolo 1994). However, 
for some of the major crops known to be sensitive to S02 and 0 3 it has not 
been possible to identify applicable dlr functions. Olive trees, for example, 
cover 4.4% of total agricultural land, vines account for 4% and citrus trees for 
0.7% which together constituted a values of LIT 1871 Bn. in 1991. 

In the following we present the dose-response functions that have been 
applied to each of the selected crops: winter and spring wheat, potato, tomato 
and apple. Where possible, two sets of functions have been considered: one set 
including dlr relationships from the EXTERNE study and a further set incorporat­
ing some more ad hoc functions developed from regression analysis on open 
field experimental data (Camposano et at., 1986). The aim was to test the 
sensitivity of the estimates to the use of transferred dlr relationships as opposed 
to more location specific functions. The use of experimental results implies a 
higher degree of uncertainty in the estimates. 

3.3.1. Dose-responsefunctionsfor S02 

The direct impacts of S02 on winter and spring wheat were estimated using 
the Baker et al. relationship as modified in EC (1995b) to enable the impacts 
of small S02 concentrations to be dealt with, together with the Weigel et al. 
model. 

Baker et al. (1986): 

y = 0.74(S02) - 0.055(S02) 

Y = -0.69(S02) + 9.35 

(from 0 to 13.6 ppb) 

(above 13.6 ppb) 

Given that S02 concentration levels never exceed 13.6 ppb in the various areas 
in which we have divided the national territory, only the first equation has 
been applied in the analysis. 

Weigel et al. (1990): 

y = 4.92 - 0.74(S02) (S02 in ppb) 

Where y is the percentage yield variation and S02 is the mean annual concen­
tration from anthropogenic sources. 

These results were then compared with those from the application of more 
location-specific dose-response functions, derived from regressions analysis of 
open field experimental data (Cirillo et al. 1988): 

y = 1.48 - 0.3310g1o(S02) (S02 in ~g/m3) 

For potato, tomato and apple, no dose-response relationships were available 
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Table 3.2. Summary of dose-response functions used 

Crops 

Winter wheat 
Spring wheat 
Potato 
Tomato 
Apple 

Dose-response functions for S02 

Baker et al. (1986), Weigel et al. (1990), Cirillo et al. (1988) 
Baker et al. (1986), Weigel et al. (1990), Cirillo et al. (1988) 
Camposano et al. (1986) 
Camposano et al. (1986) 
Camposano et al. (1986) 

from the EXTERNE work. Direct effects of S02 concentrations on these crops 
were therefore estimated using dose-response functions from Camposano 
et al. (1986). 

potato: 

y = 1 - 0.0020(S02) 

tomato: 

y = 1.06 - 0.00042(S02) 

apple: 

y = 1.12 - 0.0042(SO) 

3.3.2. Pollution concentrations 

The use of the above listed dose-response relationships requires spatially 
resolved data on ambient air concentration of the relevant pollutants as well 
as on the areas under cultivation and yields. In the field, crops are subject to 
doses of pollutants that vary over time. Peak concentration may be much 
higher that average, particularly for ozone. Changes in yield may be a function 
of either peak or average pollution levels, depending on whether the damage 
mechanism is acute or chronic. However, there is currently a general consensus 
that long term mean levels of pollution rather than peak value are the dominant 
factor. This is the parameter used for estimating the crop yield losses via the 
selected dose-response models. 

The estimated impacts from S02 are based on a dataset of mean annual 
concentrations monitored throughout the entire national territory and adjusted 
for homogeneous areas as described earlier (see Chapter 1). As the measurement 
stations of the network are mainly located in highly polluted areas (in the 
center of a city, roads with high traffic density, etc.) the concentrations per 
zone are likely to be above the real ambient concentrations in rural areas. 

Damage has been assessed on an incremental basis with reference to S02 
concentrations in the absence of anthropogenic emissions. The chosen back­
ground concentration for S02 is 1 ppb for the whole of Italy with the exception 
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of the Southern part of the country, where a baseline level of 1.3 ppb has been 
used to take into account volcanic activity. This baseline concentrations are 
subtracted from the current mean annual concentrations derived above to give 
the pollution resulting from anthropogenic emissions. In Italy, the background 
value was subtracted from the calculated mean annual concentration for each 
region. Because of lack of pollution concentration data, agricultural damage 
due to S02 concentration has not been estimated for three regions: Abruzzo, 
Marche and Molise. 

3.3.3. Spatial distribution of selected crops 

A spatially resolved dataset of yield production per crop within the country 
has been constructed by multiplying data on areas assigned to each crop by 
the mean annual yield per unit area (ha) for the relevant crop. Data on land 
coverage for crop species and on mean annual yield per hectare in each zone 
have been taken from national sources (ISTAT 1991c). The results are presented 
at the level of administrative regions. 

3.4. Quantification of impacts 

Yield changes from the dose-response functions are expressed as a % yield 
variation compared to a baseline of no yield change at concentration of zero 
(Yo). However, crops in the field are clearly exposed to some level of S02 and 
agricultural data used already incorporates some S02 effect. Direct application 
of the dose-response functions will thus introduce some degree of error. To 
account for this, we compute the absolute change in specific yield (Y) with 
respect to the background S02 concentration as in the following. From the d/r 
functions we compute: 

h = WI, - 10)/10] * 100 (1) 

Yn = [(Y" - 10)/10] * 100 (2) 

where: 

Yb = yield variation at background concentration as % of yield at 0 S02 ppb 
(eq. (1)) 

Yn = yield variation at actual concentration as % of yield at 0 S02 ppb (eq. (2)) 
Yo = yield at 0 S02 ppb (unknown) 
Yi, = yield at background S02 concentration (unknown) 
Y,. = yield at actual S02 concentration (known from statistics) 

From equations (1) and (2) we derive: 

Yo = 100* Y,,/(001 + Yn) and Yi, = y"*(100 + Yb)/(100 + Yn) 
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Table 3.3. Estimated yield losses due to 502 (%) 

Dose-response study 

Baker et al. (1986) 
Weigel et al. (1990) 
Cirillo et al. (1988) 
Camposano et al. (1986) 

Winter 
wheat 

-2.1 
-2.36 
-1.08 

Spring 
wheat 

-3.2 
-3.6 
-1.15 

Potato 

-0.87 

Tomato 

-1.01 

Table 3.4. Estimated impact of direct effects of 502 on selected crops (tonnes) 

Dose-response Winter Spring 
relationship wheat wheat Potato Tomato 

Baker et al. (1986) -108,328 -137,955 
Weigel et al. (1990) -121,721 -155,100 
Cirillo et al. (1988) -55,793 -49,231 
Camposano et al. (1986) -19,480 -54,930 

Apple 

-1.08 

Apple 

-19,468 

The absolute change in specific yield for Y is what is needed to make a 
valuation assessment. It is given as: 

Y= y" - Y" = y"*(Yn - Yb)/(100 + Yn) 

The application of the above dose-response relationships and datasets produced 
the final results presented in Tables 3.3 and 3.4. To test the dependence of the 
results on the background concentration, the baseline concentration has been 
varied as in the case for health damage assessment. Variation in results was small. 

3.5. Estimation of economic impacts 

In the case of agricultural crops, air pollution affects products that are directly 
marketable. The valuation of these impacts is therefore straightforward. Yield 
changes have been valued at international prices for internationally traded 
goods, while wholesale prices taken from the Commodity Exchange and local 
markets have been used to estimate the economic impact from yield changes 
of non-traded crops. Of course, prices on world markets reflect costs (or 
benefits) more accurately as they should be free of national subsidies. Crops 
were valued at the following prices (ECU/tonne): 

Winter wheat 107 
Spring wheat 160 
Potato 210 
Tomato 200 
Apple 406 

Sources: FAO (July 1995), Bologna Board of Trade, ISTAT (1993). 
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Table 3.4 presents estimates of the physical losses attributable to S02 and 
Table 3.5 coverts those losses into valuations. The figures represent 1992 prices; 
see Synthesis report for updated values. 

3.6. Conclusions 

Results show significant differences in the estimates obtained with the applica­
tions of dose-response relationships transferred from the international literature 
as opposed to those derived from regression analysis of open field experimental 
data. For example, in the case of winter and spring wheat, yield changes due 
to S02 pollution are estimated to be between 1 % and 2.4% (for winter wheat) 
and between 1.1 % and 3.6% (for spring wheat) depending on which dose­
response model is considered. In the case of potato, tomato and apple, only 
one dose-response model was used. Estimated yield variations are equal to 
0.9%, 1 % and 1.1 % of the total national yield respectively. 

To test the dependence of the results on the background concentrations, the 
baseline S02 concentration has been varied in the Central and Southern areas 
of the country according to the methodology described in Chapter 1. Variation 
of estimated impacts appears to be small. On the whole, the estimated economic 
damage from S02 pollution on the selected agricultural crops ranges from 
0.0004% to 0.003% of 1990 GDP. The above estimates are subject to a number 
of caveats, some of which have already been mentioned. They can be summar­
ised as follows. 

i. The use of spatially resolved data on ambient air concentrations of S02 
that were derived from monitoring stations mainly located in highly 
polluted areas. This implies that the calculated spatially resolved concen­
trations are likely to be above the real ambient concentrations in rural 
areas. This is likely to result in an overestimation of S02 impacts on the 
selected agricultural crops. 

ii. Incomplete geographical coverage. Due to the lack of reliable data on 
pollution concentrations in some Central and Southern areas of the coun­
try, S02 damage to agriculture has not been estimated for three admin­
istrative regions: Abruzzo, Marche and Molise. This results in an underesti­
mation of the impact on most selected crops at the national level (except 

Table 3.5. Estimated crop damages for Italy due to S02 (ECU million) 

Dose-response Winter Spring 
relationship wheat wheat Potato Tomato Apple 

Baker et al. (1986) 11.8 22.3 
Weigel et al. (1990) 13.3 25.1 
Cirillo et al. (1988) 6.1 7.9 
Camposano et al. (1986) 4.0 10.9 8.0 
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winter wheat of which 16.7% of total production is from these areas}. 
iii. The use of dose-response functions which have been either transferred 

from the international literature or derived through regression analysis of 
open field experimental data, which implies a higher degree of uncertainty 
in the estimates. 

iv. The use of market prices for the economic valuation of the impacts. The 
agricultural sector is subsidised and agricultural prices cannot be looked 
upon as efficiency prices. Both prices and production levels are artificially 
high and crop losses calculated with these prices are probably an overesti­
mation of real losses. It is therefore questionable whether the crop losses 
incurred by the farmer are entirely external costs. Future calculations 
should be based on shadow prices. World market prices may be regarded 
as first approximation for shadow prices. 

The analysis of S02 impacts has been selective and general conclusions on 
damages can not be drawn from these figures. Quality changes, mitigating 
measures of the farmers, indirect effects and other interactions have also been 
left out. The damage data given above can therefore only be seen as the 
underestimate of the total S02 damage to the agricultural sector in Italy. 



CHAPTER 4 

ECOSYSTEMS 

4.1. Introduction 

The environmental degradation of terrestrial ecosystems deriving from air 
pollution can take several forms and follow different impact pathways that 
have been described in the literature. The dose-response mechanism for ecologi­
cal impacts is particularly complex with varying responses to pollutants and 
considerable uncertainty over critical loads. Valuation endpoints are, therefore, 
difficult to establish and even if conducted would be somewhat questionable. 
The present study has focused on highlighting the land areas in which habitats 
and ecosystems are considered to have a particular ecological value. Therefore, 
physical indicators on the state of national natural ecosystems are reported. 

An assessment of major impact categories on these pristine areas is also 
attempted, with particular reference to threats to the alpine ecosystem, acidifi­
cation of lakes and other natural reserves, the status of endangered species, 
and threats related to land use impacts. The assessment of ecosystems impacts 
from global climate change is beyond the scope of the present study and, 
therefore, particular potential threats of this nature are only mentioned and 
appropriately referenced. 

4.2. Preservation of natural ecosystems 

The share of national territory under environmental preservation has increased 
in recent years from a level - well below European standards - of 4.3 % in 
1988 to the reported 8.2% in 1991 (Ministry of Environment, 1993). These 
protected areas, which total approximately 2.6 million ha, are distributed 
among 17 national parks, 147 national natural reserves, 247 regional natural 
parks and reserves, 34 wetlands, and 5 marine parks (Ministry of Environment, 
1992; WWF, 1994). In addition, there are a number of wilderness reserves 
which are privately owned and preserved. Most of them are the WWF-Italy 
owned and/or managed reserves (63 areas) totaling 25,000 Ha, and 15 areas 
totaling 2,500 Ha managed by LIPU (Italian League for Bird Protection). The 
regional distribution of protected natural areas is detailed in Table 4.1. 
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Table 4.1. Regional distribution of protected natural areas (1992) 

Region Areas (Ha) % of land HallOO Inhabitants 

Piemonte 163921 6.3 3.8 
Valle D'aosta 41255 12.6 35.6 
Lombardia 503485 21.1 5.7 
Trentino A.a. 439522 21.3 34.4 
Veneto 77173 4.2 1.8 
Friuli V. g. 45172 5.8 3.8 
Liguria 62379 11.5 3.7 
Emilia-Romagna 131125 5.9 3.4 
Toscana 123075 5.4 3.5 
Umbria 17957 2.1 2.2 
Marche 61459 6.3 4.3 
Lazio 97981 5.7 1.9 
Abruzzo 106153 9.8 8.5 
Molise 5606 1.3 1.7 
Campania 2222 0.2 
Puglia 9788 0.5 0.2 
Basilicata 95432 9.6 15.6 
Calabria 127090 8.4 6.1 
Sicilia 330516 12.9 6.7 
Sardegna 14147 0.6 0.9 

Source: Ministry of Environment (1993). 

4.2.1. The national law on protected areas No 394/1991 

The implementation of the new Law on Protected Areas No 394/1991 will raise 
to 10% the percentage of national territory under environmental protection 
and gives birth to a profound change toward a thorough land planning of 
natural ecosystems on the national territory. According to this law, the territory 
within the national parks and the other preserved natural areas is submitted 
to a series of gradual constraints, thereby harmonising the conservation of 
natural ecosystems with the economic activities and anthropogenic effects. This 
reorientation of economic activities toward more environmentally compatible 
activities is regulated and managed with the introduction of a zoning system. 

The territory of a protected area is subdivided into four categories according 
to varying degrees of ecosystem conservation: Class A areas are Integral 
Reserves, in which ecosystems preservation is complete; Class B areas are 
Oriented General Reserves, where the territory cannot be transformed (i.e., no 
building activity) but some human management of the natural environment is 
permitted; Class C areas are Protection areas, in which many traditional and 
low-impact economic activities are stimulated; and Class D areas, Areas of 
Social and Economic Promotion, are mostly subject to anthropogenic modifi­
cation (i.e. tourist infrastructure). 
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4.2.2. NationaljinancingJor protected areas 

A Triennial Programme for Protected Natural Areas has been instituted which 
defines the entire public expenditure for the environment. Criteria exist for the 
creation, enlargement and management of natural ecosystem areas and for the 
distribution of financial resources. The first Programme (1991-93) was assigned 
approximately ECU 91 million to be divided between direct transfers to the 
regional authorities (ECU 43 million) and funds directed to national parks 
(ECU 48 million). The financial resources assigned to regionally protected 
areas are distributed among the regions according to a set of criteria that take 
account of population, land area and the number of protected areas in a 
jurisdiction. The public financing for National Parks has been allocated among 
12 parks: Arcipelago toscano, Aspromonte, Cilento, Dolomiti bellunesi, Foreste 
casentinesi, Gargano, Gran Sasso-Monti della Laga, Maiella, Monti Sibillini, 
Pollino, Val Grande, Vesuvio. 

It should be noted that there is a substantial discrepancy between the public 
financial resources available for natural ecosystem management and the limited 
level of public money actually being spent. Procedural delays and difficulties 
in the implementation of the law (many national parks still have to form a 
managing entity) reduce the capacity of investing the majority of these funds 
(Renzi, 1994). For those national parks that have an established organisational 
structure, paradoxically, the funding is still modest: both the Abruzzi National 
Park and the Gran Paradiso National Park receive only around LIT 5.0 billion 
annually as ordinary expenses contribution. 

It is possible to view the public funds set aside for natural ecosystems areas 
as a very rough proxy for the aggregated willingness to pay in Italy for eco­
systems protection, as expressed by the national level public authorities. 

4.2.3. Other expenses Jor natural areas management 

In 1990 the Province of Trento commenced a project to promote 'green' 
employment and more effective natural resources preservation. Since then, the 
equivalent of ECU 15 million has been spent annually with an investment of 
about ECU 25,400 per new employment opportunity (WWF, 1994b). If these 
figures are considered in the context of the 82,500 Ha of preserved land in the 
Province (as of 1991), it translates into ECU 183 ECU per Ha of preserved land. 

Another example of funds spent for natural ecosystem preservation is given 
by the 62 WWF-Italy owned and/or managed natural reserves. For the fiscal 
year 1993, the balance sheet of these WWF reserves shows a total cost of 
ECU 1.65 million of which about 78% are operating costs and 22% are 
investment costs (WWF, 1994b). If the WWF management of ecosystems had 
to be taken as an example of natural resources preservation cost (for areas of 
limited extension), this is equivalent to ECU 66 per Ha of preserved land. 
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4.3. Environmental impact 

4.3.1. The alpine ecosystem 

The environment of the Alps has been under major pressure due to the 
increasing anthropogenic presence and activities. One of the major ecosystem 
elements under stress is the forest vegetation of these mountains. In addition 
to impacts related to tourism and logging, air pollution has affected alpine 
forests. While the scientific debate is still open on the determination of clear 
dose-response damage correlations, the decline is clearly related to acid depos­
itions and is manifested in the foliar decay, growth rate reduction and habitat 
area reduction. The effects of acid depositions seem to be especially powerful 
in high mountain forests, because the vegetation is immersed in the clouds 
during part of the growth season. Table 4.2 shows the existing prevailing 
vegetation species for a range of Alpine locations and the concentrations of 
pollutants in the wet depositions that can contribute to damage from acidifica­
tion. There usually is a level of natural acidity in rainfall - with the parameter 
pH at a level of 5.6 - but the table shows how in all locations this benchmark 
is passed (lower levels mean more acidity on a logarithmic scale) possibly due 
to the influence of SOx and NOx of anthropogenic origin. 

During the 1980s, some of the Regions of the Alpine area (Friuli V.G., 
Trentino A.A., Veneto) started monitoring the damage of acid rain on forests. 
The Trentino-Alto Adige Region, for instance, has found that, since the 80s, 
the percentage of plants damaged is between 5 and 10% for the medium/high 
class of damages (Conte, Melandri, 1994). 

Eutrophication processes are creating environmental pressure on another 
important natural resource of the Alpine region, namely the great lakes of 
Como, Iseo and Maggiore. The Lake of Garda presents oligotrophic conditions 

Table 4.2. Vegetation and concentrations in the wet depositions in the Alpine area - year 1990 
(S04 and N03 are expressed in meql-l) 

Alpine location Prevailing vegetation pH S04 N03 

Oulx (TO) Vaccinio-Piceetalia, Seslerietalia variae, Elynetalia 5.22 30 19 
Sestriere (TO) Vaccinio-Piceetalia, Seslerietalia variae, Elynetalia 4.98 57 30 
Domodossola (NO) Arrhenathere-talia 4.33 68 46 
Lunecco (NO) Caricetalia curvulae, Vaccinio-Piceetalia 4.29 55 58 
Alpe Gera (SO) Caricetalia curvulae 5.29 42 24 
Madesimo (SO) Caricetalia curvulae 4.51 54 33 
Lago D'arno (BR) Fagetalia sylvaticae, Eu-Fagion 5.04 54 29 
Malga Gallina (BZ) Vaccinio-Piceetalia, Seslerietalia variae 5.00 47 35 
Renon (BZ) Pinus sylvestris 4.81 26 26 
Pian Cansiglio Fagetalia sylvaticae, Eu-Fagion 5.04 62 32 
Tarvisio (UD) Fagetalia sylvaticae, Eu-Fagion, Vaccinio-Piceetalia 4.67 47 26 

Source: Ministry of Environment (CNR 1993). 
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and it does not seem to show an increasing trend of nutrient concentrations. 
Especially for the lakes of Iseo and Como, the data show a trend of increasing 
concentrations of nutrients. Lake Maggiore presents similar trophic conditions 
due to the high level of phosphates, but the trend of nitrates concentration 
shows that they decline to oligotrophic conditions « 10). 

The Alpine ecosystem shows sufferance in its rich and unique flora and 
fauna. These biodiversity impacts have been denounced by many authors. A 
recent study by the Alp Action and IIASA (Nilsson and Pitt, 1991) reports 
that several Alpine wildlife species are at risk - among them, the edelweiss 
flower, the yellow saxifrage, Apollo butterfly, the Alpine ptarmigan, the viparous 
lizard, the black salamander, the show campagnol, the marmot and the Siberian 
cricket - not only due to pressure for human incursions but also due to air 
pollution and global warming threats. A survey conducted in the area of two 
Alpine lakes, Caldonazzo and Levico (Trentino Alto Adige), concluded that 
34 plant species out of 153 disappeared, with a 22.2% loss of biodiversity 
(Pedrotti, 1990). 

4.3.2. Acidification of lakes 

The Thermal and Nuclear Research Centre of the Italian Electricity Board 
(ENEL) has been involved, in collaboration with the Italian Hydrobiological 
Institute of the C.N.R., in a study concerning both the sensitivity and the 
acidification of lakes, with particular reference to alpine and subalpine lakes. 
The research effort is still going on, but some preliminary results were released 
in 1988. The database regards 648 lakes which are mainly alpine and subalpine 
lakes (634). The remaining 14 are distinguished in 7 Appennino mountains 
lakes, 3 volcanic lakes, 2 coastal lakes and 2 artificial lakes (in Sardinia). The 
results presented show that freshwater acidification does not appear to be a 
serious problem for most of the Italian lakes. The alpine lakes present a higher 
sensitivity to acid deposition than the subalpine and other lakes due to both 
their limited dimension and the particular geological conditions. But only 0.8% 
of the monitored alpine lakes have a pH level below 5.0. Similar conclusions 
on the generally good state of Italian lakes as far as acid deposition is concerned, 
have been drawn by more recent studies (Mosello, 1993). 

4.3.3. The endangered species 

The endangered flora 
Italy is a country with a very rich and particular flora, 5599 species according 
to a recent census and 732 endemic species that are exclusive of the Italian 
territory (WWF-Italy, 1992). This particularly high biodiversity can be 
explained by the geographic position and the variety of environmental condi­
tions. Following the IUCN plant red data book, there are four endemic species 
particularly at risk: the Androsace brevis, the Cytisus emeriflorus, the Saxifraga 



Impact Assessment and Valuation: Ecosystems 265 

jlorulenta and the Primula palinuri. More recently, the status of the Italian flora 
has been studied and summarised by a joint scientific effort of WWF-Italy and 
the Italian Botanic Society (WWF-Italy, 1992). This effort produced a red list 
of plants containing 458 species, equal to 8.2% of the entire Italian flora. The 
breakdown was as follows: 

Extinct species 15 
Highly vulnerable 82 
Vulnerable 179 
Rare species 178 
Other species 4 

The endangered fauna 
On the basis of a recent regulation (Law 157/1992), the National Institute for 
Wild Fauna has to perform a census of the wind animals population and study 
its status and evolution. The existing data gathered by the Ministry of 
Environment from the above cited and other institutions are presented in 
Table 4.3 below. Some estimates are available (Conte, Melandri, 1993; Ministry 
of Environment, 1992) on the residual population of few wild species highly 
impacted by both pollution and human pressure on their habitat. 

These mammals (Table 4.4) are species that can be considered good indica­
tors of the environmental conditions of natural ecosystems. They suffer from 
anthropogenic pressure on their habitat and they need large pristine natural 
areas to feed and reproduce. The Italian wolf (Canis Lupus) numbers only 
300-400 with a distribution along the entire Appennino mountain chain while 
the brown bear that once populated the Appennino mountains (Ursus arctos 
marsicanus) is today only present in the Abruzzo National Park with numbers 
of around 80-90. 

Finally, a recent effort by the WWF-Italy published as Red Book of Italian 
Butterflies (ProIa, 1990), has highlighted the status of these Lepidoptera which 
can be an indicator of ecosystems health. The study indicates that 13 species 

Table 4.3. Census of endangered animal species 

Threatened Vulnerable Rare Undetermined 
species species species species 

Mammals 4 7 5 27 
Birds 18 25 33 50 
Reptiles 6 2 2 
Amphibious 1 3 3 18 
Freshwater fish 10 8 3 

Total 39 45 46 95 

Source: ISTAT, 1993. 
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Table 4.4. Estimated population of some rare mammals 

Species 

Bear (Ursus Marsicanus) 
Abruzzo Chamois (Rupicapra rupicapra) 
Alpine Chamois (Rupicapra pyrenaica ornata) 
Sardinian Deer (Cervus elaphus corsicanus) 
Steinbock (Capra ibex) 
Wolf (canis lupus) 

Numbers 

80-90 
400 

340000 
150 

20000-25000 
300-400 

Source: Conte, Melandri (1993), Ministry of Environment (1992). 

of diurnal butterflies are close to extinction and 32 species are endangered, 
while among the nocturnal butterflies 6 species are in close danger of extinction. 

4.4. Land use impacts 

The Ministry of Environment has produced a mapping of the areas "at high 
risk of environmental crisis," with the goal of planning a series of land reclama­
tion and preservation programs. Table 4.5 presents the major information about 
these areas, their population and the major sources of environmental risk. They 
represent about 5.7% of the national territory, with 11 million population 
(about 20% of the national population). 

Some of these areas at risk are close to important and vulnerable ecosystems 
and therefore contribute to their degradation. Other areas, such as the Po 

Table 4.5. Areas at high risk of environmental crisis 

Land areas km2 Population Environmental risk source 

Lambro-olona-seveso 3336 4857963 Industrial and urban pollution 
Val Bormida 1562 191937 Chemical and paint industry 
Po Polesine 1962 264020 Small industries and zootechny 
Burana-po Di Volano 2596 386953 Ceramic industry and zootechny 
Conoidi 3556 1146453 Ceramic industry and zootechny 
Massa Carrara n.a. 131232 Area Law 195/1991 
Manfredonia n.a. 58157 Area Law 195/1991 
Sarno 378 418818 Industrial and urban pollution 
Province of Naples 1141 2968082 Industrial and urban pollution 
Brindisi 548 126949 Energy plants and chemicals, oil 
Taranto 505 279977 Energy and cement, refineries 
Crotone 167 55635 Industrial pollution 
Priolo-augusta 569 209517 Petrochemical industry and shipping 
Gela 676 104783 Petrochemical industry 
Portoscuso 383 62835 Aluminum, lead and zinc industries 

Source: Ministry of Environment, 1992. 
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valley areas with high intensity of zootechnic production and industry have a 
potentially high impact on soils, groundwater and ultimately on the ecosystems 
of the Po river estuary and on the sea environment. In several of the industrial 
sites, the risk includes the accident event with effects on human health and on 
the surrounding land. The accident at Seveso in 1976 where substantial dioxins 
were released is estimated to have resulted in ECU 128 million for third-party 
damage and off-site soil contamination damages (OECD, 1994). 

4.5. Forest ecosystems damage 

At the national level, the Ministry of Agriculture & Forestry has launched a 
program for a wide collection of survey data on forest decay in the recent years 
(Indefo, 1988). The database is build every year on a cluster of about 160,000 
trees and focuses on forest damage related to the following causes: (a) Fires; 
(b) Parasites; (c) Climatic phenomena; (d) Other causes (which include air 
pollution impacts). This source signalled the damage correlated to air pollution 
and acid rain to be present on 10% of the Italian forest patrimony. Since 1989, 
though, the program started to survey forest damage by class of decay and not 
by cause, due to the high level of approximation in the attribution of impacts. 
The total percentage of trees damaged (foliar decay> of 10%), summing the 
different classes, is equal to 41.8%. The coniferous species seem to have suffered 
slightly more than the other species as far as medium and high class damages. 

Estimates from a different source, the European Monitoring Evaluation 
Programme 1990, give a range of percent of forest damage between 20 and 
51 % (foliar decay> of 10%), but also in this case no attribution of damage 
was attempted. 



CHAPTER 5 

MATERIALS 

5.1. Introduction 

The effects of air pollution on building materials are qualitatively well docu­
mented. Damage related to air pollution includes: discoloration, failure of 
protective coatings, material loss and structural failure. The rates at which 
these types of damages occur have increased significantly over the period since 
the Industrial Revolution and pollution is the only possible cause. Major 
impacts are due to acid deposition - both in the form of direct effects of sulphur 
dioxide and the effects of acidity resulting from both S02 and NOx emissions 
- and to the effect of particulates in the form of soiling (i.e. discoloration of 
stone and brickwork.). The direct effects of NOx and the impact of ozone are 
believed to be of secondary importance. 

The literature on pollution related materials damage relies both on field 
studies on real buildings and upon studies on idealised test material either in 
the field or laboratory experiments. In general, experiments on laboratory 
samples allow better control for individual pollutants in a multi-pollutant 
environment. On the other hand building materials rarely correspond to labora­
tory samples in composition and are subject to ambient conditions which differ 
from those in controlled laboratory studies. Therefore, a combination of labora­
tory experiments and field studies is required to give reliable information on 
the relationship between pollutants and impacts. 

5.2. Methodological approaches 

In common with the impact assessment made for other receptors, the reference 
point has been the methodological approach designed and implemented under 
the EXTERNE Project. In addition, an alternative approach developed by IES in 
the framework of the Dutch Acidification Systems Model (DAS) has been 
considered. 

5.2.1. The EXTERNE approach 

The EXTERNE study concentrated on acid corrosion damage and on a limited 
assessment of cleaning costs due to particulate emissions. The analysis is 
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confined to the components of buildings, in so far as they comprise the largest 
quantity of materials exposed directly to the atmosphere. Since the surfaces of 
different materials have very different susceptibilities to acid attacks, it is 
necessary to consider each material separately. Stone, mortar, concrete, paint, 
steel, zinc and aluminium cover the major building materials in Europe. Hence, 
the damage assessment has been undertaken starting from these components. 
Other common building materials such as brick and slate are believed to be 
relatively insensitive to acid pollution and have not been considered. 

The methodological approach includes the following steps: 

(a) identification and quantification of the stock at risk 
(b) identification of reliable dose-response functions for the building materials 

under analysis 
(c) estimation of the impacts 
(d) estimation of the damages 

Stock at risk 
The materials at risk are quantified in terms of exposed area. In order to 
calculate the aggregate area, data is required on the types of buildings in the 
country, their number, average size and structure (the so-called 'building identi­
kits'). Separate estimates should be made for each of the major building 
categories considered in the analysis. Spatially disaggregated data on the 
number of buildings in each category are required in order to know the 
distribution of building and construction materials in the country. Once these 
data have been collected, a materials inventory for the country can be calculated 
by multiplying the number of each type of buildings in each area by the average 
area of each material per individual building, as provided by the building 
identikits. Respective areas for the various building types have then to be added 
together in order to obtain the total surface area of each type of material for 
each zone. 

Dose-response functions and datasets 
The dose-response functions applied were identified by literature review. These 
are derived through a combination of controlled studies and field measure­
ments. Most of them assume that responses are linear with respect to both 
time and to the concentration of individual atmospheric pollutants. Table 5.1 
gives an overview of the functions used in the study per type of building 
materials considered: calcareous stone, mortar, concrete, (carbonate based) 
paint, steel, zinc and aluminium. 
where: 

ER = erosion rate (in m per year) 
P = precipitation rate in m/year 
S02 = sulphur dioxide atmospheric concentration in g/m3 

H + = acidity in meq/m2/year 



270 Chapter 5 

Table 5.1. Dose-response functions for damage due to acid pollutants 

Material 

Calcareous stone 

Mortar/concrete 

Carbonate-based 
paint 

Steel 

Zinc 

Aluminium 

Dose-response function 

ER = 18.8, P + 0.OS2· S02 + 0.016' H+ 
ER = 2.56 + 5.1' P + 0.32S02 + 0.083' H+ 
ER = 56.4· P + 0.162· S02 + 0.048' H+ 
ER = 7.68 + 15.3' P + 0.96' S02 +0.249· H+ 
ER = 15.8' f + 0.119' f· S02 + 0.017' H+ 

M = exp(S.74 - O.1SP)· (f. t)0.54. (f. S02)0.26. (H +)0.018 
. (CI-)0.13 . Do.o22 

M = (to.78 + 0.4610g,,(H+))· (4.24 + 0.S5· f· S02 + 0.029 
. CI- + 0.029 . H +) 

M = 0.2 . to.99 • XO. 88 

Source 

Lipfert, 1989 
Butlin, 1992a 
Lipfert, 1989 
Butlin, 1992a 
Haynie,1986 

Lipfert, 1987 

Lipfert, 1987 

Lipfert, 1987 

f = the 'time of wetness' defined by f = 1 - exp(-O.l21RH*(100 - RH)) 
RH = percentage average relative humidity 
M = corrosion rate in g/m2 
f = fraction of time relative humidity of 90%, 85% or 80% is exceeded 

respectively in the case of steel, zinc and aluminium 
t = time in years 
Cl- = chloride deposition rate in mg/m2/day 
D = dust concentration in mg/m2/day 

Estimated impacts 
Most of the above relationships give the response in terms of weight or thickness 
loss as a function of time. In order to calculate measured impacts on buildings, 
information on the level of material loss at which repair or replacement is 
required has to be collected (i.e. repair/replacement frequencies for each types 
of materials). This was done using expert judgements as well as common 
experience on building maintenance practice. 

Valuation method and estimation of economic damage 
Ideally, the valuation of the impact should be made on the basis of the 
willingness-to-pay of people to avoid the damage due to anthropogenic emis­
sions. However, no assessments of this type are available. Instead, the study 
used repair and replacement costs of building components as a proxy for 
economic damage due to acid deposition (assuming rational behaviour). In the 
case of soiling damage due to the deposition of particulates on external surfaces, 
the cost of cleaning soiled buildings is used as a lower bound for the estimate 
of the economic impact. The assumption of homogeneous repair/replacement 
time distribution for the building stock at risk has to be made. This is equivalent 
to assuming that the building stock has a homogeneous age distribution. The 
frequency of repair/replacement is then an adequate basis for valuation with 
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costs assumed to occur in the year of emission. Specific unit cost factors for 
each of the materials were calculated. 

Multiplying the frequency of repair/replacement and the total area of each 
material in each zone for these unit cost factors, one obtains the repair/ 
replacement costs. The total economic impact in each zone is then given by 
the difference between the repair/replacement costs with and without anthropo­
genic emissions. 

5.2.2. The DAS model approach 

An alternative approach has been developed in the framework of the Dutch 
Acidification Systems Model in order to assess materials damage due to S02 
air pollution in the Netherlands. A brief description of the methodology is 
given hereafter in order to identify the information requirements for its imple­
mentation in Italy. For a more complete discussion of the method the reader 
is referred to Gosse1ing, 01sthoorn and Feenstra (1990) and Kuik (1994). The 
model includes impacts on painted steel, ga1vanised steel, duplex steel, ga1va­
nised and painted steel, sheet zinc and natural stone in monuments. The damage 
assessment is performed based on physical and economic dose-response func­
tions. The physical dose-response functions relate physical impacts on materials 
(expressed in terms of erosion rate (ER), weight loss (L) or loss in thickness 
(V)) to S02 pollution levels and are of the form: 

ER = f (S02 concentration) 
L = g (S02 dry deposition) 
V = h (S02 dry deposition) 

The economic dose-response functions relate economic damage (in the form 
of increased replacement or maintenance) to S02 concentration levels. Damage 
due to increased replacement occurs if the technical life of the material under 
analysis falls short of its economic life. The economic valuation of the damage 
is based on the replacement value of the material. Damage due to increased 
maintenance is expressed as a function of the economic life of the material, its 
service period and the S02 concentration. The physical damage is valued using 
the maintenance costs per unit. 

The DAS Model provides information on the type of air pollution impact 
as well as some economic parameters for selected types of materials and 
building objects (i.e. economic life, critica110ss of thickness/weight, costs). The 
above physical and economic dose-response functions are then applied to the 
stock of materials exposed. In the DAS Model, the stock at risk is derived 
thorough analysis of the material structure of each of the selected building 
objects, their economic life span and the application of exposition coefficients 
(Kuik, 1994). 
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5.2.3. Feasibility of the damage analysisfor Italy 

The applicability ofthe above methodologies crucially depends on the availabil­
ity of data on the stock of building material affected in the geographic area 
under analysis: types and number of building per type, structure of buildings, 
costs of repair/replacement/maintenance. In Italy no building identikits of the 
type available for the UK, Germany or the Netherlands have been developed 
so far. In addition, there are no suitable ready-to-use sources of data on 
buildings distribution covering the whole country and information on construc­
tion activities are only available on an incremental basis (i.e. construction rates 
for very broad categories of buildings). 

In the absence of such data one option could have been to extrapolate 
available information for other countries to Italy. The possibility to apply 
available identikits to Italy has been considered by the authors and discussed 
with national experts (architects, engineers). The general conclusion was that 
the assumptions necessary to overcome the lack of quantitative information 
for Italy would, on the whole, have been too restrictive and would have 
introduced considerable uncertainties in the estimates. If, on the one hand, it 
should be reasonable to assume the distribution of buildings to be similar in 
countries at relatively similar levels of economic development (adjusted for 
population density), on the other hand, it was argued that building materials 
vary quite significantly across countries, regions and areas (i.e. urban versus 
rural ). 

Consequently, it was considered that identikits developed for Northern 
European cities cannot be taken to be representative of Italy. Given this, and 
since acceptable identikits for various types of buildings in Italy could not be 
generated within the time frame and financial resources of the project, no work 
has been done on the economic damage caused by acid pollutants to building 
materials in the country through the application of dose-response functions. 

Instead, the few existing national studies on the impact of air pollution on 
materials have been reviewed. These studies date back to the 1970s; an extrapo­
lation of their results to the year 1988 has been carried out. The result is clearly 
only indicative; estimates obtained have to be considered as order of magnitude 
figures, subject to considerable uncertainty. They are reported only for 
completeness. 

5.3. Air pollution and building materials in Italy 

The only existing study attempting an estimate of air pollution damage to 
building materials in Italy was carried out by ISVET (1970). Damage to 
residential, commercial and industrial buildings was assessed, based expert 
judgement and extrapolation of findings for other countries. Based on the 
above work, Cullino (1992) estimated defensive expenditures of the household 
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sector aiming at reducing material decay in buildings due to air pollution in 
the period 1986-1988. The definition of defensive expenditure adopted in the 
study is derived from the UN classification (UNSO, 1990). Estimates obtained 
are regarded as an approximation of the environmental damage (Maler, 1990). 
They are based on previous findings duly adjusted for population density in 
polluted areas. This figure is estimated to be equal to about 25.8% on the basis 
of the distribution of emissions of SOx and TSP per administrative provinces 
(Ministry of the Environment, 1992). Cleaning and re-painting costs were the 
main items considered. The amount of money spent on cleaning and repairing 
was estimated at LIT 162 billion in 1986, LIT 397 billion in 1987, and LIT 440 
billion in 1988. These are equivalent to around 0.02% to 0.05% of GDP 
respectively. We would like to stress once again that, because of the methodolo­
gies for evaluation adopted in the study, the values obtained are merely indica­
tive. They provide a rough first evaluation of the phenomenon and constitutes 
a stimulus for further research, based on more recent data and methodological 
approaches. 

5.3.1. Air pollution and cultural heritage 

Italy has an immense cultural heritage to safeguard, much of which is potentially 
affected by air pollution. Many buildings and monuments were constructed 
with materials such as natural stones, marble and bronze which are sensitive 
to acid pollution attack. Museum and art galleries face different problems of 
indoor air pollution. Action is being taken on a number of fronts, including 
research into the effects of air pollution and into possible remedies and restora­
tion work. The great part of the ongoing work focuses on the study of the 
physical impacts of both outdoor and indoor pollution on monuments and 
buildings as well as painting, frescoes, tapestries etc. A survey of the whole of 
Italy is planned to provide a map at commune level of the distribution of S02 
and total suspended particulates. These data will then be integrated with 
collected information about buildings and monuments at risk to help set 
priorities for future action. Such datasets would be a valuable source of informa­
tion for future research effort on the subject. 

The valuation of air pollution damage to cultural buildings and art works 
is far more problematic than for non-historic buildings because it is highly 
dependent on the cultural significance of the object in question. Ideally willing­
ness-to-pay data for cultural heritage should be collected. Since this kind of 
data are not available, a valuation of the damages on this basis is not possible. 
Alternatively, replacement and maintenance costs could be used. These are 
probably the easiest to evaluate but are subject to two major limits. In the first 
instance, restoration expenditures are dependent on the amount of money 
which is available for these activities (i.e. the budget for restoration). Secondly, 
they do not adequately reflect the loss of aesthetic and cultural values. For 
historic buildings and cultural monuments the aesthetic value may exceed the 
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use value of the buildings by a large factor and may be more severely affected 
by air pollution damage. Estimation of the effects of air pollution on cultural 
values is however problematic because the associated costs are extremely site­
specific, both in terms of the merit of the item under consideration, and in the 
way in which it can be treated. 

For these reasons, together with the impossibility of collecting suitable and 
reliable data on restoration expenditures for the whole country within the time 
frame and resources available of the project, no assessment of damage to 
historic monuments and buildings has been completed. 

5.3.2. Future research work 

The above discussion highlights the data and information gaps that need to 
be filled in order to be able to produce reliable assessments of damage to 
building materials. With regard to physical data on the stock at risk, a materials 
inventory detailing the type and structure of buildings in the country, together 
with information on the number and distribution of the various types of 
building over the national area needs to be collected. 

As far as data on specific unit repair/replacement costs for each material, 
the work done in the framework of this study has allowed us to locate a 
number of suitable sources of information. Finally, an in-depth survey of 
available information on expenditures on cleaning and repair both at the public 
as well as at the private level would allow a lower bound figure to be obtained. 
Suitable sources of information exist at a spatially dis aggregated level although 
they are rather disparate. Ongoing studies on historic buildings and monuments 
at risk due to air pollution impacts will produce valuable information on 
buildings and monument at risk over the national territory which will constitute 
an important basis for future work in the area. 
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CONCLUSIONS 

The present study is part of a wider project on Green Accounting. The overall 
objectives of the project are to see whether there is a consistent method for 
preparing monetary valuation of environmental damages caused by economic 
activities that can be applied across the community and to use such a methodol­
ogy to make some preliminary estimates of national level damages. The purpose 
of this report has been to discuss the issues arising and results obtained for Italy. 

While the quantitative results of the research have been presented and 
discussed in detail in the previous chapters, the aim of this final chapter is to 
summarise the major difficulties and obstacles in carrying out environmental 
damage assessment and valuation in Italy and to derive some implications for 
future research work. The implementation in Italy of the methodological frame­
work developed within the project has been hampered by several obstacles. 

A primary issue is the lack of country specific studies on the relationships 
between air pollution and impacts on the various receptors. The national 
literature on this subject is very poor compared to other developed countries. 
This implies the need to rely on the transfer of dose-response functions that 
have been developed in other national contexts. The extent to which this is 
feasible and correct is debatable. Significant spatial as well as temporal correla­
tions exist between various air pollutants. The impact on the various receptors 
is the result of the specific pollution mixture to which it is exposed. 

This is particularly true in the case of health and crop damages. In addition, 
other interacting variables are important: climatic variables, cultural factors, 
the social system governing health care, etc. In transferring some of the dose­
response functions we have taken this issue into account to the extent possible, 
thereby selecting the dose-response models developed in contexts more 'similar' 
to the Italian case. However, we have assumed that the Italian population and 
agricultural crops are exposed, throughout the entire national territory, to the 
same air pollution mixtures, climatic and other conditions as in the original 
studies. This may of course not be true, particularly when considering the 
urban versus rural context, and such extrapolation is likely to result in some 
biases in the final estimates of the impacts. 

Data on the relevant pollution and receptor variables have also proved 
difficult to obtain. The national coverage for ozone is very poor and no 
monitoring stations exist in some Central and Southern regions of the country 
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for S02, NOx and TSP. In addition, where monitoring sites do exist no 
classification of their location and no precise definition of the monitoring 
procedures are available. As far as the various receptors are concerned, there 
is the need to develop comprehensive databases describing both their state and 
their distribution over the national territory, at a sufficiently spatially disaggre­
gated level. There is also a lack of information and data on willingness to pay 
for pollution reductions, which again makes it necessary to rely on the transfer 
of monetary values estimated in other contexts. 

These country-specific obstacles add to the limitations and to the scientific 
and economic uncertainties surrounding the valuation of environmental goods 
and services and the application of the dose-response approach. In particular, 
the basic soundness of the original studies data, possible model mis-specifica­
tion, use of inappropriate statistical methods, multiple comparison problems, 
use of linearized health functions without thresholds, additivity of different 
health outcomes etc. are all problems that need to be documented. 

In order to follow the evolution of environmental policy-making at the EU 
and international level and to enhance the knowledge on environmental damage 
assessment in Italy it is therefore important to rapidly cover the existing data 
and information gaps, and to develop the scientific knowledge on the relation­
ships between the various pollution phenomena and the different receptors at 
the country-specific level. The estimates obtained in this study have to be 
regarded as order of magnitude figures, whose reliability can be greatly 
improved throughout further research efforts both on the scientific aspects as 
well as on the evaluation side. 
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CHAPTER 1 

INTRODUCTION 

1.1. The need for the present study 

Requirements for sustainable growth and environmental protection are 
included in the Treaty on the European Union, and hence are now a guiding 
principle for future development in Europe. National legislation reflecting these 
concerns has been passed in most European countries. The European 
Commission's White Paper on Growth, Competitiveness and Employment 
(COM 93, 700) highlights the importance of an integrated economic approach. 
Another recent paper produced by the Commission (COM 94, 670) states that 
there is a need for "a harmonised European system of integrated economic and 
environmental indicators and accounts which addresses the problems of the various 
economic sectors and policy fields at various scales and which will allow for 
comparison between Member States." However, the same paper concluded that 
no instruments for policy guidance and public information are available. 

The present report concerns the use of the methodology developed by the 
ExternE Project of the EC Directorate General XII JOULE II Programme in 
just such an application, to quantify pollution damages at the national level. 
The ExternE Project is a major multi-disciplinary study which has developed 
a detailed 'bottom-up' approach for the assessment of the social costs of fuel 
cycles (European Commission, 1995). By following this methodology we have 
been able to use state-of-the-art models and data which have been the subject 
of international peer review. 

The methodology was originally developed for assessment of the impacts of 
the major fuel cycles for electricity generation, including fossil, nuclear and 
renewable technologies, and has previously been applied almost solely to 
quantify the effects associated with individual power plants. In applying this 
methodology to quantify national level damages we thus seek to find out 
whether there are major barriers to its application for a purpose different to 
that for which it was developed. 

1.2. Scope of the present study 

A consequence of the application of the ExternE methodology is that the 
present report is concerned mainly with effects arising from energy use. No 
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attempt has yet been made to compare the magnitude of damages that we 
have monetized against those that have not been investigated in this report. 

The present phase of the work has concentrated on quantifying damage 
associated with several of the major air pollutants (Table 1.1). The same group 
of impacts has been studied by each of the four national teams involved in the 
present study (Germany, Italy, the Netherlands and the UK, which is the 
subject of the present report). At the present time no attempt has been made 
to attribute this damage to individual sectors, such as manufacturing industry, 
chemicals or agriculture. However, this can be done, at least partially, using 
available models of atmospheric transport and chemistry and could form part 
of a follow-up study. We have also taken no account of the transboundary 
nature of air pollution. Some of the damage that we predict here thus arises 
from pollutants 'imported' into the UK, whilst other damages, that we have 
not quantified, arise from UK pollution 'exports'. Although we have not 
accounted for trans boundary effects, models are available which would allow 
damage in any country to be attributed to the country in which the pollutants 
responsible originate. An example is the EMEP model (EMEP, 1992). Again, 
use bf these models could form part of a follow-up study. 

PM lO 

S021 
NO/ 
0 3 

Noise 

Health 

A 
A 
A 
A 
NQ 

A impact assessed 
NE no impact expected 

Table 1.1 

Materials 

A 
A 
A 
A 
NE 

NQ impact likely, but not quantified 

Scope of the UK case study 

Crops Forests 

NE NE 
A A 
A A 
A NQ 
NE NE 

1. S02 and NOx include acid deposition more generally. 
2. Ecosystems include freshwater and terrestrial systems. 

Ecosystems2 Amenity3 

NE NQ 
A NQ 
A NQ 
NQ NE 
NE A 

3. Effects of PM lO , S02 and NOx on amenity arise through effects on visual range. This is not 
generally considered to be a serious environmental issue in Europe. 

In addition, a preliminary assessment of global warming impacts has been 
carried out by the Dutch team for all four countries involved in this study (see 
Synthesis Report). 

1.3. Methodological issues 

Alternative approaches to providing an integrated system of environmental 
indicators are available, using Delphi and other decision analysis techniques 
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(e.g. Jesinghaus, 1993). Comparison of different types of impact using these 
approaches is performed on the basis of qualitative judgements. The techniques 
for extracting these judgements are being greatly refined at the present time. 
However, the final results lack the transparency that detailed impact assessment 
followed by monetary valuation is able to offer. Meanwhile, the use of economic 
valuation of environmental and health damages remains controversial. In part 
this arises from a misunderstanding of what valuation attempts to do. Rather 
than seeking to quantify the intrinsic value of, for example, a human life, an 
ecosystem or a building of great cultural significance, valuation seeks instead 
to quantify society's preference for the allocation of resources to these and 
other causes. Whilst some of the implications of this notion may be disturbing 
it is necessary to realise that decision makers deal routinely with this type of 
issue, when deciding on the allocation of budgets to education, health care, 
defence, overseas aid, environmental protection, etc. 

The main advantage of using economic valuation on top of a detailed 
assessment of impacts is that the basis for comparison of different effects is 
made much more explicit than when one relies on the output of a debate 
conducted on a more qualitative basis. This is especially the case when using 
the impact pathway approach because of the way in which physical, chemical, 
biological or social impacts, and their associated economic values, are quanti­
fied in detail. 

It will be seen that several types of impact still cannot be valued. One of 
the reasons for the lack of valuation data is that the type of impact assessment 
used here is a recent innovation, and valuation studies which properly link in 
with the impact assessment have yet to be carried out. Of more concern is the 
fact that valuation of some impacts is extremely complicated (e.g. for natural 
ecosystems) and indeed may never be successfully achieved. However, some 
information is available to at least partially describe impacts in most cases. 
For the pollutants of interest to this project we have sought to demonstrate 
how far it is possible to take assessment even for cases where no valuation of 
damages has been possible. 

Given the purpose of GARP, to provide analysis for the development of 
satellite accounts within an extended national accounting system, we have 
attempted to quantify damages arising from human activity as well as total 
damages associated with the pollutants of interest. A difference between the 
two arises because of generation of S02, PM lO and 0 3 from natural sources. 

We have attempted to attribute these damages to human activity by subtract­
ing out background (natural) levels of pollution, where applicable. This allows 
partial verification of the methodology by comparison between damage esti­
mates and national statistics (for example of mortality rates or manufacturing 
production) which are of course derived quite independently of this work. The 
results provided should be regarded as first estimates of damage, which can 
and should be further refined. 
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1.4. Air quality data 

1.4.1. Sources of air quality data 

Within the UK two sources of air quality data have been used. The first of 
these provided data at a resolution of 5 x 5 km (Stedman, 1995; Campbell, 
personal communication, 1995). These maps were derived from data collected 
at monitoring sites and surrogate statistics. The second source was results 
generated by the Harwell Trajectory Model (Lee, personal communication, 
1995). This provided data at a coarser resolution (20 x 20 km, which was then 
aggregated to 100 x 100 km). By using two sources of air quality data we have 
been able to demonstrate the use of the alternatives that are available. These 
methods were used in preference to the pan-European datasets of EMEP and 
WHO because of the greater resolution of data that they contain for the UK. 

In the present study no account has been taken of air quality impacts in 
Northern Ireland. This is a potentially significant omission because high levels 
of S02 and particulates have been reported in this part of the UK, caused 
largely by domestic coal burning. On the other hand the population in Northern 
Ireland is only a small fraction of that elsewhere in the UK ( 1.6 million against 
57 million). The integration of Northern Ireland into this assessment is iden­
tified as a requirement of a future study of this type. In addition to the 
description of the data sources, background (natural) levels of each pollutant 
have also been estimated. 

1.4.2. Estimated high resolution maps of air quality in the UK 

Oxides of nitrogen (NO x ) 

The derivation of the 5 x 5 km map of NOx is described by Stedman (1995). 
The first stage was the production of a map for N02 based on measurements 
made in 1991 at over 300 sites in the UK using diffusion tubes. Data was 
extrapolated on the assumption that N02 levels are determined by vehicle 
density which is in tum related to population. The relationship between popula­
tion and the difference between the urban N02 measurements and a 5 x 5 km 
grid square average rural N02 concentration was then derived; 

urban_N02 (ppb) = rural_N02 + 0.317(population_5 km)o.35 + 0.56 
(1) 

where population_5 km is the 5 x 5 km grid square population and rural_NO~ 
is a 5 x 5 km grid square map of N02 concentrations interpolated by kriging 
from measurements using diffusion tubes at 39 rural sites for the period July 
to December 1991. For each grid cell in the map used here N02 levels were 
weighted by the percentage of each cell defined as urban from the satellite land 
cover map published by Fuller et al. (1994). Good agreement was found when 
comparing the estimated map against data collected at monitoring stations. 
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The next stage was to quantify the relationship between N02 and NOx • 

Using data from urban monitoring sites, urban NOx (ppb) was taken as 2.5 
times urban N02 levels (r2 = 0.5). Rural NOx was estimated as 1.2 times rural 
N02, based on measurements at the Lullington Heath monitoring site on the 
south coast of England. This site was selected as being representative of 
rural areas. 

Agreement between estimates and monitored data was not as good for NOx 

as for N02 , presumably as a result of site to site variation in the ratio between 
levels of the two pollutants through factors such as distance from roads. 

Fine particulate matter (PM 10) 
NOx is a reasonably conservative species and the map so produced was used 
to calculate the distribution of PMlO levels. The following equation was used, 
based on a regression analysis of hourly PMlO and NOx data collected at the 
London Bloomsbury monitoring site between January 1992 and December 
1993 (r2 = 0.35); 

PMlO (~g/m -3) = 0.18(NOx , ppb) + 15.4 (2) 

The large constant in this equation reflects the presence of significant rural 
levels of PMlO which are not associated with urban vehicle pollution. This 
equation seems likely to overestimate rural levels, though perhaps not signifi­
cantly (see Stedman, 1995). Agreement between estimated and monitored PMlO 

data was generally good, though the range of concentrations included was small. 
The map of annual UK mean PMlO levels is reproduced in Figure 1.1. 

Ozone (03 ) 

0 3 maps were generated from an analysis of annual 0 3 statistics from the 
Photochemical Oxidant Review Group database (PORG, 1993) and for EUN 
sites for 1992 and 1993. Two maps were produced, the first showing annual 
mean 0 3 levels and the second showing the annual mean of the hourly maxi­
mum concentration for each day. The relationship between measured urban 
annual mean 0 3 and rural levels was assessed (r2 = 0.47); 

urban_03 (ppb) = rural_03 x (0.007(percentage_rural) + 0.3) (3) 

A map of rural mean 0 3 levels for 1990 was calculated by bilinear extrapolation 
from the network of rural monitoring sites showing no significant urban influ­
ence. Again, a land cover correction was applied based on the percentage of 
land classified as urban and rural in each grid cell in the land cover map of 
Fuller et al. (1994). Agreement between estimated and monitored data was 
again good, though levels at some rural sites seemed to be overestimated. This 
seemed to be consistent with their being more heavily influenced by road traffic 
than the percentage rural land cover in their grid cell would indicate. The map 
of the annual mean of hourly maximum levels for each day (used in the health 
assessment) was then produced using the equation 4, which was derived from 
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Fig. 1.1. Map of annual mean PMIO levels (Jlg/m - 3) for the UK. This map has been plotted at 
a resolution of 5 x 5 km. 

1993 data. The range over which this relationship is applicable is clearly limited, 
but it is sufficient for UK ozone levels. Data are mapped in Figure 1.2. 

mean peak hourly 0 3 (ppb) = 0.75 (mean 03) + 15 (4) 

Sulphur dioxide (S02) 
Urban estimates of S02 were derived from the mean of urban measurements 
in each grid square. Data from only one network (diffusion tubes) were used. 
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Fig. 1.2. Map of annual mean of hourly maximum 0 3 levels for each day for the UK. This map 
has been plotted at a resolution of 5 x 5 km. 

Rural estimates were derived from interpolation of rural measurements. The 
map was then derived by taking a weighted mean of estimates of urban and 
rural concentration in each grid square, again using data from Fuller et al. 
(1994), and is shown in Figure 1.3. 
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S02 Concentration (ppb) 
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Fig. 1.3. Map of annual mean SO, levels for the UK. This map has been plotted at a resolution 
of 5 x 5 km. 

Acidity (H + ) 

A map of acid (H +) deposition has been generated for Great Britain at a scale 
of 20 x 20 km. The map was derived from interpolation of measured data 
combined with information on rainfall, and is shown in Figure 1.4. 
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Fig. 1.4. Map of annual acid (H +) deposition for the UK. This map has been plotted at a 
resolution of 20 x 20 km. 

1.4.3. The Harwell Trajectory Model 

The processes involved in modelling acidic deposition include emISSIOn of 
pollutants, dispersion and atmospheric transport over regional scales, chemical 
transformations and dry and wet deposition processes. Because of the large 
scale of the acid deposition phenomenon, the emissions database required is 
extensive. The principal emissions of interest are S02 and NOx . Ammonia 
(NH3) emissions from animal wastes and other sources play an important 
regulatory role in the formation of nitrate and sulphate aerosols. Meteorological 
processes are important to several aspects of acid deposition. These include 
initial dispersion and long range transport processes, reviewed by Eliassen 
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(1980; 1984), Johnson (1983) and Schwartz (1989), together with those pro­
cesses involved in the formation of cloud droplets and rainfall. These processes 
are important because of the role of aqueous phase chemistry in the oxidation 
of S02 to sulphate. Chemical processes include gas phase reactions including 
the formation of tropospheric oxidants and the oxidation of S02 and NOx to 
H2S04 and HN03. S02 is also rapidly oxidised to sulphate in cloud water. 
The role of ammonia is important because of its influence in determining the 
oxidation rate of S02 in aqueous phase reactions (Behra et ai., 1989), and 
because of its role in the formation of sulphate and nitrate aerosols. 

The Harwell Trajectory Model which was used to estimate the concentration 
and deposition of acid species on a national scale in the present study was 
originally described by Derwent and Nodop (1986) for atmospheric nitrogen 
species, and extended to include sulphur species by Derwent, Dollard and 
Metcalfe (1988). It has since been modified and updated by Lee (personal 
communication). 

The Harwell Trajectory Model is a receptor-orientated Lagrangian plume 
model employing an air parcel with a constant mixing height of 800 m, moving 
with a representative wind speed of 7.5 m S-l. The results were obtained at 
each receptor point by considering the arrival of 24 trajectories weighted by 
the frequency of the wind in each 15° sector. The trajectory paths were assumed 
to be along straight lines. Emissions of NOx , S02 and NH3 in the UK were 
compiled from data presented in RGAR (1990). The model chemical scheme 
is shown schematically in Figure 1.5. The distribution of modelled and mea­
sured sulphur dioxide concentrations and wet deposited sulphur over the UK 
were compared by RGAR (1990). The broad features of both sets of measure­
ments are reproduced by the model, but the measurements show greater vari­
ability. This may be partly due to the relatively large scale of the model 
grid used. 

1 
...... 1----'0=3L-__ N02 OR HN03 ------------.. ------. 

Aerosol Nitrate aerosol 

r i 
NO hv 

Emission Dry deposition Wet deposition 

Fig. 5. The chemical scheme used by the HarweIl Trajectory Model. 
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1.4.4. Identification of background concentrations 

The objective of the current study, to relate environmental impacts to human 
activity, dictates that the damages resulting from 1990 emissions of pollution 
are compared to the level that would exist in the absence of human activity. 
For some pollutants an estimate of these levels can be gauged from the concen­
trations measured in remote areas. 

The most appropriate data for S02 and NOx levels in Northern Europe 
seems likely to come from North West Scotland. This region is remote from 
major industrial activity and the prevailing south westerly winds are unlikely 
to carry a high pollution load from other countries. The Review Group on 
Acid Rain (RGAR, 1990) provide values of about 1 ppb S02 and 2 ppb N02 
for this region. Data modelled for the UK using the Harwell Trajectory Model 
agree well with these figures. Background levels of acid deposition (H+) were 
estimated from a 20 x 20 km rainfall map for the UK and the assumption of 
pH 5 rain in pristine areas (RGAR, 1990). 

Background PMlO concentrations are more difficult to predict, because of 
diverse sources of particulates of natural origin (Table 1.2). 

The sources of fine particulate matter (the range thought to cause most 
health damages) includes natural emissions and agricultural emissions in addi­
tion to energy related emissions. The list given in Table 1.2 suggests that about 
70% of the total arises from human activity, assuming that 'natural' NH3 
emissions arise mainly from agriculture. The extent to which some of these 
sources (particularly sea salt) might influence the map that we have used in 
this study seems limited, given that it was derived principally from data collected 
in central London. In line with these uncertainties and the comments made by 
Stedman (1995) we have used three different estimates of background PMlO , 

5, 10 and 15Ilg/m-3 in the assessment of health damages given in the next 
chapter. 

0 3 is also problematic as background concentrations vary with altitude, 
sunlight and other climatic conditions. The annual mean natural concentrations 
assumed here were between 10 and 20 ppb. Using equation 4 these translate 

Table 1.2. Composition of atmospheric particles < 2.5 IllD in diameter (QUARG, 1993) 

Component Major source % of total 

Ammonium Natural ammonia emissions 6 
Nitrate Energy sector 5 
Sulphate Energy sector 18 
Chloride Sea salt, coal burning 6 
Base cations Sea salt, dusts 6 
Carbonaceous matter Smoke emissions 37 
Insoluble minerals Wind-blown dust 22 
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to a range of between 20 and 30 ppb for the annual mean of hourly maximum 
levels for each day. 

1.4.5. Uncertainties 

There is clearly some uncertainty associated with the pollution maps used in 
this study because of the need to extrapolate data from a relatively small 
number of monitoring sites to a large number of grid cells. Further work is 
necessary to establish how important the uncertainties introduced through this 
sequence of calculations are. Errors are likely to be most significant at the level 
of individual 5 x 5 km grid cells. These are likely to be averaged out to some 
extent when values are combined. 

A systematic error may be present in the subsequent analysis. This could 
arise through differences in the rationale underlying selection of sites for meas­
uring pollutants for derivation of exposure-response functions, and the sites 
used to derive our pollution maps. The problem may be accentuated in the 
present study by the fact that the exposure-response functions used here are 
taken from studies performed in several different countries, where different 
regulations regarding air quality monitoring may be in force. Further uncer­
tainty arises because of other forms of variation in the pollution climate between 
sites. One important issue is the existence of synergistic relationships between 
different pollutants acting on a wide variety of receptors. Another important 
issue applies to particulate matter, which is not chemically specific and which 
may vary significantly in composition from place to place. 

Selection of background (natural) conditions is most satisfactory for S02, 
NOx , and H+. For PMlO and 03, however, background levels tend to contrib­
ute more significantly, and are more variable, both in time and space. For these 
reasons a range of background levels have been proposed in each case. 

These uncertainties are identified as issues that require further research. 
Given current concern over health effects in particular, some of these points 
are already being addressed. 



CHAPTER 2 

HEALTH 

2.1. Introduction 

Effects of air pollution on public health are the cause of considerable concern 
in the UK at the moment, following several episodes where pollution levels 
exceeded recommended levels. However, at the time of writing this report, the 
only published attempt to quantify UK damages is that performed by Schwartz 
on behalf of the New Scientist magazine (Brown, 1994), who estimated that 
particulate air pollution is implicated in the deaths of 10,000 people each year. 
It should be noted that several research groups in the UK are currently working 
on alternative estimates. 

Any estimate of this order is certain to create a great deal of concern, 
particularly amongst those living in areas where pollution levels are believed 
to be high. However, it is necessary to exercise some care when describing 
these effects. The exposure-response function used by Schwartz accounts for 
cases where the effect of pollution is manifested very soon after exposure. The 
large majority of these cases are likely to be among those who are already 
seriously ill. Indeed, many may have a life expectancy of the order of only a 
few days. On the other hand it takes no account of the possibility of an effect 
of long term exposure to air pollution on longevity. 

The work presented in this chapter combines the pollution maps described 
in Chapter 1 with exposure-response functions identified from the literature for 
the ExternE Project (European Commission, 1995). Although the selection of 
exposure-response functions is described here, the reader should refer to the 
material produced for the ExternE Project for a more complete discussion of this 
important issue. The set of functions used here was originally recommended for 
assessment of the impacts associated with small increments in pollution levels 
arising from the operation of fossil fuel power plants. Their use in the present 
context, where the pollution increment of interest is much larger, has yet to be 
thoroughly reviewed. A Geographical Information System, ARCINFO, has been 
used, enabling a spatial presentation of the output of the analysis. 

2.2. The impact pathway 

Within this study we are considering the effects of several of the major air 
pollutants, particulates, ozone, S02 and NOx on public health. For the purpose 

295 



296 Chapter 2 

of modelling, the impact pathway representing a set of complex processes is 
broken down into a series of stages (see Figure 2.1, taken from Hurley and 
Krewitt, European Commission, 1995). A similar model has been used for 
assessment of damage to other receptors in the following chapters. 

Although this Figure indicates some early markers of response to inhaled 
pollutants, there is at present no agreed understanding of the mechanisms 
whereby small changes in ambient air pollution may lead to increased mortality 
or severe morbidity (e.g. hospital usage) on the same day or soon after. In 
general, this seems likely to occur only against a background of severe and 
pre-existing ill-health. The precise mechanisms are however unknown; and so 
Figure 2.1 is necessarily incomplete. 

Exposure 

Mechanism of Effects 

- irritation of the respiratory system 
- increased airway resistance 
- biochemical changes 
- morphological changes 
- increased susceptibility to infections 
- etc. 

Mortality I Morbidity 

- chronic bronchitis 
- asthma 
- cough 
- etc. 

Valuation 

- value of statiticallife (VOSL) 
- value oflife year lost (VLYL) 
- value of restricted activity day (VRAD) 
- etc. 

Fig. 2,1. Impact pathway for air pollution impacts on human health. 
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2.3. Exposure assessment 

In general, epidemiological studies of the public health effects of particulates, 
S02, NOx and ozone do not consider personal exposures of the study group. 
Rather, they examine relationships between health effects and ambient concen­
trations of pollutants. Implementation in the present project is therefore simi­
larly in terms of changes in ambient concentrations rather than in personal 
exposures. This simplifies analysis; but has a disadvantage. There is limited 
knowledge of how changes in ambient air pollution are related to changes in 
the various indoor environments where many people typically spend most of 
their time. A problem of transferability of exposure-response functions arises 
when the relationship between ambient and personal exposures differs between 
the epidemiological study populations and the target populations at risk in the 
present project. Such differences can arise, for example, because of differences 
in human activity patterns or in housing (especially through the use of air 
conditioning). 

Air pollution levels generally show substantial temporal and spatial varia­
tion. Concentrations are integrated over time to give average values (COST, 
1992). In studies of acute health effects, the period of interest is usually 24 
hours, though sometimes multiple day averages are used. Ozone measures 
typically refer to maximum 1, 5 or 8-hour concentrations within a day, rather 
than to the full 24-hour average. In studies of chronic health effects, the averages 
refer to time-periods of one or several years. The same time scales are used for 
implementation in the present study. However, estimated daily acute effects 
are accumulated over a year and expressed as the effect of changes to annual 
average concentrations. 

By focusing on average concentrations within a given period, epidemiological 
studies give no direct information about the relevance if any to health of short­
term peak concentrations within those periods, though clearly the ozone mea­
sures are designed to take some account of within-day variations. Insofar as 
within-day peaks may be relevant to acute health effects, the similarity of 'peak­
to-average' ratio is one factor influencing the transferability of exposure­
response relationships. 

Ambient concentrations are typically measured using fixed-point monitors. 
Large scale mortality or hospital usage studies may include several million 
people residing in a region covered by several monitoring sites. Usually, a 
regional average concentration is used, following examination of the similarity 
of concentrations across sites. No attempt is made to account for time spent 
outside the study region; the effect of such a refinement would be small. 

Similarly with implementation: The vast geographical area to be considered 
is sub-divided into smaller regions using a regular grid system. Each grid cell 
is considered as a micro-environment with a homogeneous pollutant concen­
tration. The associated population at risk is the population resident in that 
grid cell. As in the epidemiological studies, daily movements of people between 
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grid cells are ignored. Effects are estimated separately by grid cell and then 
accumulated over grid cells. Population data were taken from the UK Census 
of 1981, aggregated to the 5 x 5 km grid from a 1 x 1 km grid. At the time of 
the analysis presented here, data from the 1991 census was not available to the 
authors of this report in the required format. However, inspection of UK 
population distribution (CSO, 1993) shows that there has been little change 
since 1981. Subsequent analysis using the 1991 data shows little difference to 
the results presented here. Population distribution in the UK is shown in 
Figure 2.2. 

Exposure response functions for children are applied to the population of 
age 16 and below (22.5% of total UK population). Estimates for the prevalence 
of asthma among the UK population vary widely. We have used a value of 
5% in the impact assessment, based on estimates from the National Asthma 
Campaign. The baseline death rate (from all-causes) is taken from data held 
by the Central Statistical Office (CSO, 1993). The central estimate of 11.2 
deaths per thousand head of population per year is in a range of 10 (for 
Northern Ireland) to 12.8 (for Scotland) (data from Philip's Geographical 
Digest, 1994). Sensitivity analysis on death rate has not been performed because 
of the small variation in these figures. 

Pollution levels were taken from the maps depicted in Figures 1.1, 1.2 and 
1.3. Incremental mortality is derived by linking together the baseline deaths, 
the population weighted pollution increment and the appropriate exposure­
response function. Incremental morbidity was calculated by linking the appro­
priate population at risk (e.g. children, adults, asthmatics), the population 
weighted pollution increment and the relevant dose-response function. 

A fuller discussion of the exposure-response relationships used in the assess­
ment is provided in the Synthesis Report, Section 3. As noted previously, all 
the country teams attempted to use a common set of functions for as many 
impacts as possible to ensure some degree of consistency. Similarly, the discus­
sion on the economic valuation of human mortality and the chosen morbidity 
endpoints need not be repeated again here. The values chosen are detailed and 
assessed in the Synthesis Report, sections 3.3-3.4. 

Results and discussion 

Results are presented in Tables 2.1 to 2.6, showing firstly effects of PM lO , 0 3 

and S02 on mortality, and then effects on morbidity. Results are presents in 
terms of the number of cases estimated and the corresponding valuations. Note 
that the effects of S02 and PM lO on mortality should not at the present time 
be regarded as additive. Also note that the exposure metric for PM lO and S02 
is annual mean concentration (Ilg/m -3), whereas for ozone it is the annual 
mean of the daily 1 hour maximum level (ppb). 

Our results are certain to attract a strong response from many quarters. For 
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Fig. 2.2. Population distribution in the UK. This map has been plotted at a resolution of 5 x 5 km. 

this reason we stress that this section should be read in conjunction with those 
preceding above, and preferably also in association with the ExternE Project 
methodology report (European Commission, 1995). This area of work is the 
subject of much research at the present time and whilst we believe that the 
methodology adopted is a good reflection of current knowledge others will 
undoubtedly have different views. It is necessary to repeat that the methodology 
was originally developed for a different case. This was to assess the effects of 
relatively small increases in pollutant levels arising from operation of individual 
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power plants, within which context the methodology has been discussed at 
length. However, there has been much less discussion about its use to quantify 
the effects oflarger changes in pollution levels. Our methodology must therefore 
be regarded as experimental, and it is to be hoped that discussion will focus 
as much on the approach taken as upon our results. 

The tables of results contain high and low estimates of damage, in addition 
to best estimates for each case. The range so described shows 95% confidence 
limits based on the statistical variability of the data from which functions were 
derived. It does not account for the uncertainty associated with some of the 
assumptions that we have made, for example, whether the no-threshold model 
really is applicable for each exposure-response function. This could have sig­
nificantly reduced damages. In the face of this type of uncertainty it is clear 
that we have not attempted a full analysis. A methodology for a more compre­
hensive analysis of uncertainty is being assessed for the ExternE Project 
(C. Hope, personal communication). 

The mean population exposure for each of the three pollutants considered 
is 21 /lg/m- 3 for PM lO, 6 ppb for S02 and 33 ppb for 0 3 , For PM lO and S02 
these are annual mean concentrations. For 0 3 it is the annual mean of the 
daily 1 hour maximum level. 

2.4.1. Size oJimpacts and associated costs 

Mortality (Tables 2.1 and 2.2): The largest effects on mortality are those 
associated with impacts from long term or chronic exposure to PM lO • In total 
we have estimated 35,000 such cases annually in the UK. After adjusting for 
background we have a range of 9,800 to 27,000, the wide range here reflecting 
the fact that levels of PM lO can be very variable depending on location. The 
extent to which background should be taken into account is open to debate, 
depending on whether 'natural' PM lO is as damaging as anthropogenic PM lO • 

This is a question of interpretation of exposure-response data in the context 
of a major change in pollution levels. Acute effects are added to this chronic 
effect, although this implies some double counting. 

Estimates associated with acute effects of air pollution are roughly similar 
for PM lO and S02, with totals of 13,000 and 9,700 deaths respectively. These 
figures should not be regarded as additive at the present time. Their similarity 
may not be entirely coincidental, given the strong correlation that typically 
exists between levels of the two pollutants in the urban environment. The effect 
of taking out the background level could be very significant for PM lO (depend­
ing on the assumption made as to how large it is) though not for S02, for 
which we can be confident that background is little more than zero. The results 
shown in Table 2.1 suggest that, in the UK at least, the effects of ozone on 
mortality are less important than those of either S02 or PM lO , with a central 
estimate of 3,000 cases per year in total, declining to 1,200 or less once the 
'natural' background is accounted for. 
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For the monetary valuation of mortality a figure of ECU 2.6 million for the 
Value of Statistical Life (VOSL) was used in the initial calculations which are 
presented below. These can be assumed to represent 1990 prices. In the Synthesis 
Report all the estimates were updated to 1995 prices. The various endpoint 
valuations for morbidity impacts also used 1990 prices. Again, the final values 
used and updated estimates can be found in the Synthesis Report. 

The only comparable analyses of air pollution effects on health in the UK 
were carried out by Schwartz (see Brown, 1994) and Pearce (personal communi­
cation). Both used the same methodology and concluded that particulate air 
pollution can be linked to 10,000 deaths from acute effects of PM lO in England 
and Wales each year. This can be compared directly with our total value of 
13,000 deaths from acute exposure to PMlO • Given the uncertainties involved 
in this type of analysis the difference between our results and those of Schwartz 
and Pearce is oflittle importance. It must, however, be said that our assessment 
has been performed in much greater detail- both Schwartz and Pearce assumed 
a single representative level for urban PMlO , and applied this to the UK urban 
population (68% of the UK total) only. Also, neither sought to account for 
chronic effects of PMlO . From the results given in Table 2.1 we believe that 
these may well be more severe than acute effects. 

For validation we have compared these results against UK mortality statis­
tics. PM lO has been associated with the deaths of people with diseases of the 
respiratory system, and those with diseases of the circulatory system. 

Deaths in 1992 = 630,000, of which: 

Diseases of circulatory system = 291,000 
Diseases of respiratory system = 70,000 
Total potentially related to PMlO = 361,000 

Table 2.2 expresses the results from Table 2.1 as a percentage of each of these 
figures. This tells us the maximum proportion in each category that could be 
associated with the different pollutants. The total percentage given for each 
group in Table 2.2 has been calculated by adding together chronic and acute 
effects of PMlO and acute effects of 03; effects of S02 have not been added as 
it is thought that they are likely to double count effects of PMlO • Results for 
acute effects of PMlO are preferred to an acute effect of S02 as the exposure­
response function for PMlO is based on a larger body of literature. The figures 
demonstrate that the deaths of 14% of those who die from diseases of the 
respiratory and circulatory systems, and 8% of all deaths, could be associated 
with air pollution. 

Morbidity (Tables 2.3 to 2.6): Effects of PMlO on acute morbidity are shown 
in Table 2.3. Chronic effects of PMlO exposure are shown in Table 2.4. There 
is consistency with the expectation that there should be substantially more 
minor symptoms than major ones (defined as any symptom requiring hospital 
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Table 2.1. Estimated acute and chronic effects on mortality from PMjQ, S02, and ozone in the UK 

No. of cases Damages (ECU million) 
Back-

Endpoint ground Low Mid High Low Mid High 

PM IO acute o Ilg m- 3 7,900 13,000 18,000 20,540 33,800 46,800 
effects 5Ilg/m - 3 6,000 9,800 14,000 15,600 25,480 36,400 

10 Ilg/m- 3 4,100 6,700 9,300 10,660 17,420 24,180 
15Ilg/m-3 2,200 3,600 5,000 5,720 9,360 13,000 

PM lO chronic o Ilg/m- 3 29,000 35,000 41,000 75,400 91,000 106,600 
effects 5Ilg/m - 3 22,000 27,000 31,000 57,200 70,200 80,600 

10 Ilg/m- 3 15,000 18,000 21,000 39,000 46,800 54,600 
15Ilg/m-3 8,000 9,800 12,000 20,800 25,480 31,200 

0 3 acute Oppb 2,000 3,000 4,000 5,200 7,800 10,400 
effects 20ppb 790 1,200 1,600 2,054 3,120 4,160 

25ppb 490 740 980 1,274 1,924 2,548 
30ppb 190 290 380 494 754 988 

S02 acute o Ilg/m- 3 6,600 9,700 13,000 17,610 25,220 33,800 
effects 2.7Ilg/m - 3 5,600 8,200 11,000 14,560 21,320 28,600 

Chronic effects of PMjQ are given from the function of Pope et al. (1995), with figures for acute 
mortality, calculated from Schwartz (1993a), subtracted. Total damages are shown in rows where 
back-ground pollution is set to zero. Results for S02 and PMjQ should not be considered to 
be additive. 

Table 2.2. Percentage of deaths from different causes that could be associated with MjQ, S02 and 
0 3, based on the results shown in Table 2.1 

Deaths caused by diseases of the 

Circulatory Respiratory Deaths from 
system (A) system (B) A+B all causes 

1. PMjQ - chronic 12% 50% 9.7% 5.6% 
2. PM 10 - acute 4.4% 18% 3.6% 2.0% 
3. S02 -acute 3.3% 14% 2.7% 1.5% 
4. 0 3 - acute 1.0% 4.3% 0.8% 0.5% 

Total (1+2+4) 15% 72% 14% 8.1 % 

In each case the mid estimate for total damages (i.e. with background levels set to zero) has 
been used. 

or emergency room treatment). For a partial validation of these results we 
compared symptoms affecting asthmatics against the number of asthmatics in 
the UK (estimated above as 5% of the UK population). From our results the 
average asthmatic in the UK will require 0.0026 emergency room visits in any 
year as a consequence of exposure to PM lO • In addition there are an estimated 
2.8 additional 'shortness of breath days' for each asthmatic in response to PM lO 
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Table 2.3. Estimated acute effects on morbidity from PM IO in the UK 

No. of cases (ooOs) Damages (ECU million) 
Back-

Endpoint ground Low Mid High Low Mid High 

Respiratory o J.lg/m- 3 1.4 2.1 2.8 9.0 14 18 
hospital 5 J.lg/m- 3 1.0 1.6 2.1 6.9 10 14 
admissions 10 J.lg/m- 3 0.7 1.1 1.4 4.7 7.1 9.5 

15 J.lg/m- 3 0.4 0.6 0.8 2.5 3.8 5.1 
Hospital o J.lg/m- 3 1.8 2.5 3.2 12 17 21 

admissions 5 J.lg/m- 3 1.4 1.9 2.5 8.9 13 16 
for COPD 10 J.lg/m- 3 0.9 1.3 1.7 6.1 8.6 11 

15 J.lg/m- 3 0.5 0.7 0.9 3.3 4.6 6.0 
ERVs for o ~lg/m-3 6.4 8.0 9.5 1.2 1.5 1.8 

COPD 5 J.lg/m- 3 4.9 6.1 7.2 0.9 1.1 1.3 
10 J.lg/m- 3 3.3 4.1 4.9 0.6 0.8 0.9 
15 J.lg/m- 3 1.8 2.2 2.7 0.3 0.4 0.5 

ERV for o J.lg/m- 3 4.4 7.1 9.5 0.8 1.3 1.8 
asthma 5 J.lg/m- 3 3.4 5.4 7.2 0.6 1.0 1.3 

10 J.lg/m- 3 2.3 3.7 4.9 0.4 0.7 0.9 
15 J.lg/m- 3 1.2 2.0 2.7 0.2 0.4 0.5 

Hospital o J.lg/m- 3 24 32 42 4.5 6.0 7.9 
visits for 5 J.lg/m- 3 18 25 32 3.4 4.6 6.0 
childhood 10 J.lg/m- 3 13 17 22 2.3 3.1 4.1 
croup 15 J.lg/m- 3 6.7 9 12 1.3 1.7 2.2 

RADs o J.lg/m- 3 35,000 55,000 87,000 2,200 3,400 5,400 
5 J.lg/m- 3 27,000 42,000 66,000 1,700 2,600 4,100 

10 J.lg/m- 3 18,000 29,000 45,000 1,100 1,800 2,800 
15 J.lg/m- 3 10,000 15,000 24,000 610 960 1,500 

Asthma o J.lg/m- 3 3,900 7,800 11,000 120 240 360 
attacks 5 J.lg/m- 3 2,900 5,900 8,800 92 180 280 

10 J.lg/m- 3 2,000 4,000 6,000 63 130 190 
15 J.lg/m- 3 1,100 2,200 3,200 34 68 100 

Symptom o J.lg/m- 3 250,000 520,000 760,000 1,600 3,200 4,800 
days 5 J.lg/m- 3 190,000 390,000 580,000 1,200 2,500 3,600 

10 J.lg/m- 3 130,000 270,000 400,000 800 1,700 2,500 
15 J.lg/m- 3 68,000 140,000 210,000 430 900 1,300 

exposure. All figures are based on the best estimate with no account taken of 
background levels. 

Of the figures shown in Tables 2.3 and 2.4, the hardest to justify seem to be 
those for symptom days, based on the work of Krupnick et al. Limitations of 
the exposure-response function were noted in the ExternE report (European 
Commission, 1995). The best estimate, unadjusted for background, translates 
into roughly 10 symptom days per head of UK population. However, it must 
be remembered that the symptoms represented by this function are very minor. 
If the exposure-response function provides a reasonably accurate reflection of 
the impact, it may well be necessary to reassess the figure used for valuation. 
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Table 2.4. Estimated chronic effects on morbidity from PM IO in the UK 

No. of cases (OOOs) Damages (ECU million) 
Back-

Endpoint ground Low Mid High Low Mid High 

Chronic o Ilg/m- 3 390 600 810 53 83 110 
bronchitis 5 Ilg/m- 3 290 460 610 41 63 85 
in adults 10 Ilg/m- 3 200 310 420 28 43 58 

15 Ilg/m- 3 110 170 220 15 23 31 
Respiratory o Ilg/m- 3 520 820 1,100 72 110 150 

illness 5 Ilg/m- 3 390 620 840 54 86 120 
in adults 10 Ilg/m- 3 270 420 580 37 58 79 

15 Ilg/m- 3 140 230 310 20 31 43 
Chronic o Ilg/m- 3 210 400 590 29 55 82 

bronchitis 5 Ilg/m- 3 160 310 450 22 42 62 
in children 10 [.lg/m- 3 110 210 310 15 29 43 

15 [.lg/m- 3 59 110 170 8.2 15 23 
Chronic o [.lg/m- 3 260 520 780 35 71 110 

cough in 5 [.lg/m- 3 200 390 590 27 54 82 
children 10 [.lg/m- 3 130 270 410 18 37 56 

15 [.lg/m- 3 72 140 220 9.9 20 30 

Overall, the valuation of acute impacts of PM lO on morbidity is dominated 
by 'symptom days' and by restricted activity days. Each is substantially greater 
than the sum of all other effects described in the table. 

Chronic effects of PM lO exposure on morbidity are shown in Table 2.4. In 
general these are not so well characterised as acute effects, largely because of 
difficulties with determination of long-term pollution exposure. Estimated total 
damages for the best estimates with no account taken of background levels are 
around 300 million ECD - about an order of magnitude less than the damages 
for acute PM lO effects on symptom days and restricted activity days, though 
higher than for the more severe acute effects. 

Estimated effects of acute 0 3 exposure are given in Table 2.5. Overall these 
show similar patterns to the effects of PM lO • Again, considering only the best 
estimates with no account taken of background levels we predict that exposure 
to 0 3 leads to an additional 0.0036 hospital admissions, 0.018 emergency room 
visits for asthma, and 19 asthma attacks, per DK asthmatic per year. As stated 
above, when discussing the results of the PM lO analysis, these figures can (and 
should) be checked against more detailed health statistics, which could be part 
of a continuation of the present study. 

Again, the less serious impacts such as 'symptom days' dominate the valua­
tion, though to a slightly lesser extent than they were seen to do for PM lO • 

We have only estimated one effect of exposure to S02 on morbidity, that of 
acute hospital admissions for chronic bronchitis or emphysema (Table 2.6). 
Total damages are 170 million ECD per year, higher than for any of the chronic 
effects estimated for PM lO taken individually. 
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Table 2.5. Estimated acute effects of ozone on mortality 

Endpoint 

Hospital 
adm. for 
respiratory 
infections 

Hospital 
admissions 
for COPD 

Hospital 
admissions 
for asthma 

ERV for 
asthma 

MRADs 

Asthma 
attacks 

Symptom 
days 

Back­
ground 

Oppb 
20ppb 
25 ppb 
30ppb 
Oppb 

20ppb 
25ppb 
30ppb 
Oppb 

20ppb 
25ppb 
30ppb 
Oppb 

20ppb 
25ppb 
30ppb 
Oppb 

20ppb 
25ppb 
30ppb 
Oppb 

20ppb 
25ppb 
30ppb 
Oppb 

20ppb 
25ppb 
30ppb 

No. of cases (OOOs) 

Low 

11 
4.5 
2.7 
1.1 
6.9 
2.7 
1.7 
0.7 
5.0 
2.0 
1.2 
0.5 

30 
12 
7.5 
2.9 
o 
o 
o 
o 

32,000 
13,000 
8,000 
3,100 

48,000 
19,000 
12,000 
4,600 

Mid 

15 
6 
3.7 
1.4 

11 
4.3 
2.7 
1.1 

10 
4 
2.5 
1.0 

47 
19 
11.5 
4.5 

27,000 
11,000 
6,800 
2,700 

52,000 
20,000 
13,000 
5,000 

94,000 
37,000 
23,000 

9,000 

High 

18 
7 
4.4 
1.7 

15 
6 
3.7 
1.4 

15 
6 
3.8 
1.5 

62 
25 
15 
6 

92,000 
37,000 
23,000 

8,900 
71,000 
28,000 
17,000 
6,800 

140,000 
55,000 
34,000 
13,000 

Damages (ECU million) 

Low 

74 
30 
18 
7.2 

45 
18 
11 
4.4 

33 
13 
8.2 
3.2 
5.7 
2.3 
1.4 
0.5 
o 
o 
o 
o 

1,000 
400 
250 
97 

300 
120 
74 
29 

Mid 

99 
39 
24 

9.6 
72 
29 
18 
6.9 

67 
27 
16 
6.4 
8.7 
3.4 
2.1 
0.8 

1,700 
690 
430 
170 

1,600 
640 
400 
160 
590 
230 
150 

57 

High 

120 
47 
29 
11 
99 
39 
24 
9.6 

100 
40 
25 

9.7 
12 
4.6 
2.8 
1.1 

5,800 
2,300 
1,400 

560 
2,200 

880 
550 
210 
880 
350 
220 

85 

Table 2.6. Estimated acute effects on morbidity of S02 

No. of cases (OOOs) 
Back-

Endpoint ground Low Mid High 

Hospital adm. for 0Ilg/m-3 26 52 
chronic bronchitis 2.7Ilg/m-3 0.8 22 44 

2.4.2. Distribution of damage 

Damages (ECU million) 

Low 

6.6 
5.5 

Mid 

170 
150 

High 

340 
290 

The use of a Geographical Information System for the analysis allows identifi­
cation of the areas in which damages are concentrated. Figures 2.3, 2.4 and 2.5 
show, for PM lO , S02 and 0 3 respectively, the area in which 75% of total 
damage (i.e. not accounting for any effect of natural background levels) will 
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Fig. 2.3. Distribution of health effects of PM lO in the UK (75% of damage is contained in the 
cells shaded black). Map has been plotted at a resolution of 5 x 5 km. 

occur, according to our estimations. In all cases damages are concentrated in 
the areas of greatest population. The distribution is most restricted for S02 
and least restricted for ozone. This is not surprising given the depression of 
ozone levels in large urban areas caused by emissions of nitrogen monoxide 
(NO), which reacts readily with ozone to form N02 • 

Whilst the maps show the distribution of total estimated damage, we have 
not produced maps for damage that can be attributed solely to anthropogenic 



Impact Assessment and Valuation: Health 307 

'f 

, . 
.. ~\ '"' .............. '..., ... ~ 6' . : ... 

. t,' ~ I~' 'I t: .. 
• • • I .:. 

Fig. 2.4. Distribution of health effects of S02 in the UK (75% of damage is contained in the cells 
shaded black). Map has been plotted at a resolution of 5 x 5 km. 

emissions. This is likely to make little difference to the maps for SOz and PM lO . 

However, it will make a very significant difference to the 0 3 map. Depending 
on precisely which level is assumed for the natural background level, it is 
possible for 0 3 concentration, and hence the net effect of 0 3 on health to be 
lower in urban areas than outside. 
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Fig. 2.5. Distribution of health effects of 0 3 in the UK (75% of damage is contained in the cells 
shaded black). Map has been plotted at a resolution of 5 x 5 km. 

2.5. Conclusions 

According to our estimates, the number of people each year whose deaths are 
associated with air pollution (though it should not be considered as the only, 
or even principal, cause of death) is of the order of 8% of all deaths in the 
UK. This estimate, like the others that we have made here, is sensitive to some 
important assumptions, the most important of which seems likely to be our 
belief that it is not appropriate to consider a threshold for air pollution effects 
on health. 
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The valuation of acute effects on mortality is complicated by the typically 
short (though currently unquantified) life expectancy of those affected. 
Valuation of chronic effects is also complicated because of the small amount 
of data that is available for the assessment. Chronic effects are thus more 
uncertain than acute effects, though available information suggests that they 
are the more serious of the two. For morbidity the most important effects in 
economic terms seem to be relatively minor symptoms. Although each case is 
given only a small value, they are so numerous that associated damages are 
much greater than for the more serious effects. 

For the pollutants that we have considered the largest damages are associ­
ated with PM lO , followed by S02 and 0 3 for mortality, though the separation 
of effects for S02 and PM lO may be artificial (indeed, they are not considered 
to be additive here). For morbidity the order is PM lO , 0 3 and then S02' 
Evidence for direct effects of NOx is very limited, and hence we have not 
included it in our assessment, other than indirectly through its role in the 
formation of nitrate aerosol. 

Natural levels of S02 are so close to zero that we found very little effect of 
removing background concentrations from total damage estimates. The situa­
tion was different for PM lO and even more so for 0 3 because both of these 
pollutants have relatively high natural levels. However, there is some debate 
about what type of PM lO is responsible for effects on health. If damages are 
caused mainly by the very fine fractions, or sulphate aerosols, both of which 
arise principally from human activities, then it would be wrong to subtract 
'natural' PM lO as this would already have been done, implicitly, in the deriva­
tion of exposure-response functions. In some urban areas annual mean 0 3 

levels are below background because of 0 3 consumption by nitrogen monoxide, 
a pollutant emitted from road vehicles. 

Damage is concentrated in urban areas for all pollutants because of the high 
concentration of people and high levels of S02 and PM10 ' A similar pattern is 
observed for 0 3 , even though concentrations in some urban areas are lower 
than the supposed background. 

We have demonstrated that the ExternE methodology can be successfully 
applied to quantification of effects of pollution on health at the national level. 
It is hoped that the approach used and the results will now be debated in 
detail by those working in this field and by other interested parties. It is to be 
stressed that, whilst we believe that our results reflect current knowledge, 
significant uncertainties remain in this analysis. From the policy perspective 
we believe that discussion of our methodology is at least as important as 
discussion of the results that we have generated. It is hoped that the issues 
raised in this Chapter will provide a focus for future research in this field. 



CHAPTER 3 

NOISE 

3.1. Introduction 

Noise is the result of a range of activities which produce pressure oscillations 
in the air - sound waves. Virtually any moving object generates sound. 
Background noise levels in the environment are dominated by wind noise, 
which is a strong function of wind speed. Transport systems, industrial and 
construction activities, and a variety of domestic sources are the most significant 
anthropogenic sources. The noise level experienced depends on the amplitude 
of the source, local geography and the distance from the observer. However, it 
is not possible to understand noise in purely physical terms. Noise is only 
unwanted sound, and the attitudes towards different sound sources depend on 
a range of social and psychological variables. 

A range of health problems may be related to noise. At high levels, noise 
can damage the human ear. However, these noise levels are only likely to be 
experienced by workers in noisy occupations, under which conditions adequate 
ear protection should be worn. Auditory damage is therefore neglected in this 
assessment. Chronic effects of noise at lower levels are also of potential concern. 
Human sensitivity is very variable, but it is clear that there are potential 
psychological effects of noise, both due to annoyance and sleep disturbance. 
As with any psychological effects, there is the potential for secondary health 
problems, notably cardiovascular effects, although studies have found no strong 
correlation between residential noise levels and heart disease (European 
Commission, 1991). 

It is difficult to distinguish precisely between health effects due to mild 
disturbance on the one hand, and the less exact concept of loss of amenity on 
the other. It is likely that loss of amenity covers much of the minor health 
effects which may be induced, and therefore this analysis concentrates on the 
amenity impacts of noise. 

Noise is one of the most important amenity effects faced by the population 
of the UK. It is the source of more communication from the general public to 
the regulatory authorities than any other environmental problem - over 130,000 
complaints to Local Authority Environmental Health Officers (EHO) each 
year (UKDOE, 1994). 

Noise is a short range problem. At distances in excess of a few hundred 
metres from most sources, incremental noise levels due to most sources are 

310 
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very low, due both to dispersion of the energy and absorption in the air and 
solid objects. Even the aggregate noise impact over a very large population is 
negligible at distances in excess of few kilometres (European Commission, 
1995a). For this reason, control over noise pollution is appropriately handled 
at a local level. Comprehensive data sets are not available. In addition, the 
spatial variability of noise levels is very great, so that GIS based systems for 
noise mapping are not available. 

Local control over most noise sources in the UK has resulted in noise being 
controlled largely through the land use planning system. This system has a 
non-economistic culture, so that monetarisation of noise damages is still largely 
a theoretical and academic exercise rather than a practical input to decision 
making. 

3.2. Methodology 

The general methodology for including a pollutant in a green accounting 
exercise needs to be adapted to evaluate noise impacts. For noise, it is assumed 
that the only significant receptors are people and that they are sensitive to 
noise only at their homes. Mappings of houses obviously exist: in the UK to 
the level of the individual dwelling. However, noise mappings are more prob­
lematic, as noise levels vary considerably over even short distances. Some 
surveys have used this approach (e.g. Parkin et aI., 1968). However, there are 
no comprehensive, spatially disaggregated databases on noise levels. In addi­
tion, it is not realistically possible to produce noise source maps, as data on 
noise sources, spatially disaggregated to an adequate level, are also unavailable. 

However, this does not prevent some assessment being made, as survey data 
on noise levels from a statistically representative sample of UK houses is 
available (Sargent and Fothergill, 1993). This allows spatial disaggregation to 
be avoided within the assessment, so that the methodology used is: 

• identify the affected receptors, 
• identify the response of receptors to the pollutant (the dose-response 

function), 
• identify survey data on household external noise levels, 
• use national housing data to calculate the numbers of houses in various 

noise categories, 
• use the noise dose-response function to calculate the aggregate national 

noise, 
• apply monetary value to the impact. 

The methodology for noise is further simplified, because the only important 
impact of noise (at least at the levels experienced by the general public) is a 
loss of amenity, which may be measured directly in financial terms through 
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hedonic pricing studies. The dose-response function therefore provides a mone­
tary value directly. 

3.3. The amenity impact of noise 

The basis of the noise level needs to be specified more carefully. A variety of 
measures are used to allow for the fact that noise levels vary over time. For 
impulsive and intermittent noise sources (e.g. aircraft), indices like the noise 
nuisance index (NNI) have been developed, which combine peak noise levels 
with event frequency. These can be used as an input to monetary valuation 
exercises (European Commission, 1995b). However, this approach is not appli­
cable to more continuous noise sources, such as road traffic, domestic and 
industrial sources, which are responsible for most noise pollution. 

Tonality (the presence or otherwise of distinguishable single frequencies in 
the sound) is an issue because tonal noise is generally found to be more 
annoying than 'broad band' (non-tonal) noise. However, most of the important 
noise sources are not tonal, and therefore this issue can be neglected at the 
level of national aggregation. 

Frequency, even of broad band noise, is a relevant consideration because 
the human ear has different sensitivities to different frequencies within the 
audible range. This is directly allowed for in the unit of noise measurement the 
audio-weighted decibel, or dB(A), which weights sound measurements at 
different frequencies according to human sensitivity. 

Even for most continuous noise sources, the noise level varies on a range of 
time scales. No single value can capture all possible variations, and a range of 
options is used to assess different characteristics. Commonly used measures 
include: 

• L A90 - the level exceeded for 90% of the time - a reasonable measure of 
background noise levels, 

• LAlO - the noise level exceeded for 10% of the time - a measure of peak 
levels, and 

• L Aeq - the noise level corresponding to the average energy in the noise. 

For this study the L Aeq , that is the energy weighted average noise level, is used 
as the measure of noise. This conforms to the recommendations of the 
International Organisation for Standardisation (ISO, 1987). Most importantly, 
the L Aeq measure is consistent with the hedonic price studies used for valuation. 

The time of day over which noise is measured is another issue. Various 
periods are used in reported data, including day time (16 hour or 18 hour) and 
night time (6 hour or 8 hour), as well as the full 24 hour period. These lead to 
measures variously identified as LAeq.16, L Aeq ,18, L Aeq ,6, L Aeq ,8 and L Aeq,24' In 
some cases a composite day-night adjusted measure, LDN is derived by increas­
ing the night time noise level by 10 dB(A). This allows effectively for the higher 
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annoyance caused by night time noise in residential areas. Whilst the LDN level 
might be a better measure of annoyance, the LAeq,24 is more commonly used 
in statistical compilations. The data reported in the research used here (Sargent 
and Fothergill, 1993) includes 8 hour, 16 hour and 24 hour analyses. By 
inspection it is clear that the 8 hour levels are approximately 10 dB (A) less 
than 16 hour levels (on average), and therefore no major error is introduced 
by using the LAeQ,24 level as a measure of loss of amenity. 

3.4. Monetary valuation of noise 

Monetary valuation of noise is most commonly undertaken using house price 
data and the hedonic pricing method. It is implicitly assumed that a capitalised 
measure of loss of amenity is reflected in house prices. A large number of 
hedonic price studies have been undertaken in recent years in Europe. These 
have been subjected to extensive review and meta-analysis in the course of a 
major European Commission study on environmental externalities (European 
Commission, 1995b). The review is not repeated here. It is concluded that a 
linear noise sensitivity depreciation index (NSDI) of 0.9% per dB(A) (LAeq ) is 
the best valuation of environmental noise. 

Most of the noise valuation studies undertaken have been at relatively high 
levels of environmental noise, where there is practical interest in the answers 
and significant results are expected. Surveys have typically addressed traffic 
noise levels in excess of 55 dB (A). There remains a problem in extrapolating 
from these surveys to the monetary valuation of noise at lower levels. No 
completely satisfactory solution to this problem has been identified (European 
Commission, 1995a). However, to calculate the aggregate damage it is necessary 
to identify some noise baseline as a threshold at which to begin implementation 
of the NSDI identified above. 

The baseline could be either: 

• the level of noise corresponding to zero economic activity (i.e. non-anthro­
pogenic sources); 

• the level of noise corresponding to zero amenity loss, i.e. a threshold for 
the dose-response function. 

In principle, the higher of these is the baseline above which damages should 
be assessed. The former is difficult to assess but is likely to be very low 
« 40 dB (A) LAeq ). The latter is often assumed to be 55 dB(A) (day time LAeq ), 

because this is the WHO 'no significant community annoyance' standard. It is 
not axiomatic that this level corresponds to a zero amenity loss - amenity is 
a highly subjective quality, which is resistant to physical quantification. 
Certainly studies of impacts of new noise sources in rural areas (e.g. wind 
turbines) indicates some concerns about noise at levels well below 55 dB(A). 
However, it seems reasonable to assume that these impacts will cause damages 
which are small in comparison to those at higher noise levels. 
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For this study a threshold of 55 dB (A) (LAeQ,24) is used. Because of the 
uncertainty in the appropriate choice, and as this is likely to be an important 
parameter, the sensitivity to choices of 50 dB (A) and 60 dB(A) is also investi­
gated and reported. 

3.5. Household noise data for the UK 

To implement the methodology, household noise data for the UK is required. 
This is taken from a major study of representative households across the UK 
(Sargent and Fothergill, 1993). The noise levels are similar to those reported 
in other, less comprehensive surveys and shows little change from earlier surveys 
in the UK (e.g. Harland and Abbott, 1977). The major sources of annoyance 
are road traffic and aircraft (UKDOE, 1994). Noise levels were measured over 
the whole day at a distance 1 m. from the front facade of the building and 1.2 
metres above the ground. The output of this study provides the fraction of 
households facing noise levels in excess of certain values. The data for L AeQ,24 

levels is summarised in Table 3.1. 
Most of the population faces noise levels in excess of 50 dB (A), with a 

significant fraction above 60 dB(A). From the other noise measures reported, 
it is clear that 7% of the population faces noise levels above 68 dB (A) (LAlO,lS)' 

which is the qualifying level for noise insulation from new roads under current 
UK regulations. 

The banding of noise levels reported is rather too coarse than is desirable 
for valuation. However, it is found that the data fit a logistic curve of the form: 

100 

L-Lo 
Percentage exceedence, P = [ ] 

1 +exp ---
a 

where: 

L is the noise level, 
Lo is the median noise level, and 
a is the width of the distribution. 

Table 3.1. UK noise levels survey data 

Noise level (d8(A) LAeq ) 

30 
40 
50 
60 
70 

% of houses where level is exceeded 

100.0 
99.8 
80.8 
20.0 

0.8 
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The values for best fit are Lo = 56 and a = 2.78. These are used to estimate the 
percentage exceedance at each unit dB (A), and thence the fraction of house­
holds in each decibel band. The results are shown in Figure 3.1. 

3.6. Results 

The household noise distribution data shown in Figure 3.1 has been used as 
the input to the valuation calculation. For each dB (A) level, the damages are 
calculated, assuming a stock of 22 million UK houses, an annoyance threshold 
of 55 dB(A), a NSDI of 0.9% per dB(A), an average house price ofECU 100,000 
and an annuity factor of 8%. The damages as a function of noise level are 
shown in Figure 3:2. 

The aggregate damages are ECU 4 billion per year. For the reasons given 
above, the sensitivity of these to the noise threshold assumed has been investi­
gated. The results are given in Table 3.2. 

2 

1.5 

%age of 
1 

houses 

0.5 
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Fig. 3.1. Distribution of noise levels at UK houses. 
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Fig. 3.2. UK noise damages as a function of noise level (assuming a threshold of 55 dB(A)). 
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Table 3.2. Aggregate UK noise damages as a function of threshold 

Noise threshold, dB (A) 

50 
55 
60 

3.7. Conclusions 

Aggregate damages, billion ECU 

lOA 
4.0 
1.0 

Noise damages for the UK have been assessed used a representative sample of 
household noise data taken from official sources. The valuation uses a meta­
analysis from an earlier European Commission project. The best estimate of 
damages is ECU 4.0 billion per year. 

The results are sensitive to the assumption made about the threshold at 
which human begin to be sensitive to noise, and therefore the level at which 
noise amenity damages begin. The best estimate is based upon a threshold of 
55 dB(A) - the WHO standard for community annoyance. Using a range of 
50-60 dB(A) for the threshold, a damage range of ECU I-lOA billion has 
been found. 



CHAPTER 4 

CROPS 

4.1. Introduction 

The burning of fossil fuels results in emissions of the gaseous pollutants NO, 
N02 and S02' Reactions within the atmosphere can lead to the formation of 
secondary compounds, primarily ozone, S04, HN03 and S04' This section 
considers the direct and indirect effects of these pollutants on agricultural 
production. The methodologies used are based on those developed during the 
European Commission supported ExternE project (European Commission, 
1995). Three aspects are covered: 

• direct impacts of gaseous pollutants, 
• fertiliser effect of total deposited NOx , 

• indirect effects of deposited acidity. 

Quantification of the direct impacts of the gaseous pollutants is based on 
published dose-response relationships. This approach requires the following 
input datasets: 

• spatially disaggregated data on the stock at risk, (distribution and yield 
of the relevant crop), 

• dose-response relationship for the crop-pollutant combination, 
• spatially disaggregated data on atmospheric concentrations of the relevant 

gaseous pollutants, 
• the background concentration of the relevant pollution under non-polluted 

conditions. 

It should be noted that indirect impacts of gaseous air pollutants have not 
been considered. The most important of these include interactions with climate 
and pests. They have not been considered here because of a lack of dose­
response data. Effects of climate seem likely to be most pronounced for ozone, 
through an antagonistic interaction with drought. This contrasts with the 
interaction between S02, NOx and 0 3 and pests, however, which are typically 
synergistic. 

Quantification of the fertiliser effect of deposited oxidised nitrogen requires: 

• spatially disaggregated data on the 'stock at risk'/receptor distributions, 
• spatially dis aggregated data on NOx deposition, 
• data on deposition of NOx under pristine conditions. 

317 
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The approach developed for the quantification of the indirect effects of depos­
ited acidity requires: 

• spatially dis aggregated data on the stock at risk, 
• spatially dis aggregated data on deposited acidity, 
• data on the deposition of acidity under pristine conditions. 

4.2. Stock at risk and current production 

The study focused on intensive agriculture. Intensive agriculture can be broadly 
divided into two sections, arable and pasture. Table 4.1 shows the breakdown 
of arable agriculture in the United Kingdom for 1991. The area covered 
represents 26% of the land that the Ministry of Agriculture, Fisheries and 
Food (MAFF) record as agricultural holdings. Other land includes short term 
grass (9%), permanent pasture (31 %) and sole rough grazing (27%). Cereals 
are the dominant crop totalling over 70% of the arable land area. 

In order to spatially dis aggregate the production of cereals, two other 
datasets were used, the Land Cover Map of Great Britain (LCM) (Fuller et al., 
1993) and Countryside Survey 1990 (CS 90) field survey data (Barr et aI., 
1993). The LCM offers information on the land cover of every 1 km square in 
Great Britain in terms of 25 different land cover categories; the occurrences of 
the cover categories were identified by combining Landsat TM satellite scenes 
taken at different times of year; the data from which the LCM is derived is 
centred on 1990. One of the land cover categories is tilled land (target class 18 
of the LCM land cover categories); this provided one measure of the spatial 
distribution of areas covered by arable agriculture. 

Although tilled land can be identified using this technique, there may be 
some confusion with short term grass, especially if it is being ploughed or 
re-seeded at, or immediately before the time at which the image was produced. 
To overcome these problems and to provide the data on individual crop 

Table 4.1. Area and production of crops in the United Kingdom, 1991 

Production 
Crop Area rOOO hal % agriculture % arable rOOO tonnes) 

Wheat 1981 11 40 14,363 
Barley 1393 8 28 7,627 
Oats 104 1 2 523 
Potatoes 177 1 4 6267 
Oilseed rape 440 3 9 1278 
Sugar beet 196 4 7673 
Peas and beans 193 4 647 

Total 26 91 
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distributions, the proportion of tilled land in each 1 km square was divided 
into different crop types using CS90 data (Howard et ai., 1995). CS90 was a 
national field survey which recorded land cover across Great Britain in each 
of a sample of 1 km squares. The sample of 1 km squares surveyed was stratified 
using the ITE Land Classification (Bunce et al., in press). The average distribu­
tion of the various arable crops per 1 km square was determined for each land 
class, using the field survey data from the relevant land class. These averages, 
for the relevant land class, were then used to allocate the tilled-land data for 
each 1 km square, from the LCM, between crops. The resultant figures were 
totalled by county and compared to MAFF June Census data for 1990. An 
aggregation of the data into 10 km x 10 km squares was used to match pollu­
tant concentration datasets. The agricultural production of the crops was 
estimated by weighting the area estimates with production level coefficients 
(Nix, 1990); these data were held in a GIS on a 10 km grid. 

Impacts on grass production were qualified using a dose-response relation­
ship for Italian rye-grass (Lolium perenne). This required the estimation of the 
area of agricultural grasslands under rye-grass. The spatial distribution of areas 
under managed agricultural grass were again estimated by combining LCM 
and CS90 data. The LCM provided the distribution of mown and grazed turf 
(target class 6) and meadow/verge/semi-natural grass (target class 7). The 
proportion of each 1 km square in this these two land cover classes was 
estimated. The LCM category pasture/meadow/amenity grass was used to 
provide the spatial distribution of managed grasslands, as the proportion in 
each 1 km square in this land cover category. The proportion of these grasslands 
covered by Italian rye-grass was estimated using data from the CS 90 field 
survey. The field survey divided managed grasslands up into nine categories 
(Table 4.2). The field survey data were used to determine the average occurrence 
per 1 km square of each these nine categories in each ITE Land Class; these 
data were then used to weight the managed grass land cover information from 

Table 4.2. Proportion of grassland categories considered to be under Italian rye-grass 

Grassland category 

Recreational (mown) grass 
Short term-grass 
Pure rye-grass 
Well managed grass 
Weedy swards 
Non-agriculturally improved grass 
Calcareous grass 
Upland grass 
Maritime vegetation 

Proportion Italian rye-grass 

0.00 
0.95 
0.75 
0.50 
0.25 
0.00 
0.00 
0.00 
0.00 
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the LCM, and estimate the area under in each 1 km square. As with the arable 
crops, the resultant data was aggregated on a 10 x 10 km basis. 

The productivity of the grasslands was assessed in a different way to that 
of the arable crops. Agricultural grassland can be managed for different 
purposes (namely grazing, fodder production, seed production or fallow); the 
processes involved differ for different uses. For simplicity, all rye-grass grass­
lands were weighted with a yield figure for grazed grass (Nix, 1991) which is 
expressed as tonnes per hectare. The output derived was an estimate of Lolium 
production for each 10 x 10 km square. 

4.3. Direct effects of sulphur dioxide 

Although experimental studies have indicated significant direct impacts of S02 
on the yield of a range of crops, dose-response relationships have only been 
derived from work on a small number of crops. The impacts on the yield of 
wheat, barley, oats, field beans, and intensive grass are quantified below. 
Available data suggested that oil seed rape is insensitive to S02 and no suitable 
dose-response relationship could be found for potatoes. 

4.3.1. Pollution data 

Mean annual concentrations of S02 from 1992 were used in the calculations 
(see Chapter 2). Average values are given for 20 km x 20 km squares. The 
background level of S02, under pristine conditions, was taken as a value 
of 1 ppb. Data was provided by D. Fowler and R. Smith (personal 
communication). 

4.3.2. Dose-response relationships 

Wheat, barley and oats 
The change in yield of wheat and barley due to S02 were calculated using one 
of two dose-response equations, dependent upon the S02 concentration 
(European Commission, 1995): 

y = -0.69(S02) + 9.35 

for concentrations greater than 13.6 ppb, and 

y = 0.74(S02) - 0.055(S02)2 

for concentrations up to and including 13.6 ppb. 

Where: 

y is the percentage change in yield and 
S02 is the atmospheric concentration of S02 in ppb. 



Impact Assessment and Valuation: Crops 321 

Potatoes 
An equation for potatoes has been published (Pell et aI., 1988), but the response 
is described as the change in the number of Grade One tubers. The response 
combines both S02 and 0 3 . No statistics could be found to describe the 
production of tubers of different grades. The model was not applied in 
the current study; and thus no attempt was made to quantify impacts on potato 
production. 

Field beans and peas. 
A linear regression for the relationship between yield reduction due to S02 
and beans was derived by amalgamating the cultivars tested by Weigel et al. 
(1990): 

y = 0.785 + 0.203(S02) 

Where: 

y is the yield of beans and S02 in the concentration of S02 in ppb. 

Intensive grassland 
The following functions for the response in Lotium yield to S02 were described 
by Roberts (1984) and European Commission (1995) for concentrations greater 
than 15.3 ppb: 

y = 2.75 + 0.18(S02) 

and for concentrations up to and including 15.3 ppb: 

y = 0.20(S02) - 0.013(S02)2 

Where: 

y is the percentage yield loss and S02 concentrations are expressed 
in ppb. 

This function has not been used here because of a lack of data on the stock at 
risk, beyond a knowledge of the area of Lolium grown. However, this should 
be considered in a continuation of the present study. 

4.3.3. Calculation of impacts 

The dose-response relationships were combined with the data on current 
production of the relevant crop and on S02 concentrations within a GIS to 
calculate the production per 10 km square under pristine conditions. These 
data were compared with the calculated current production to determine the 
change in production resulting from pollution. The results suggest reductions 
in yield of all the crops studied as a result of current pollution levels of S02 
in central England (around Lincolnshire), but increased production across most 
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of the rest of Britain. This pattern reflects the pattern of pollution concentrations 
(see Chapter 1). The area of the most intensive arable production in the UK 
also coincides broadly with the area with the highest concentrations of S02, 
concentrations large enough to produce a reduction in yield. The small increases 
in yield in the areas of the UK with small concentrations of S02 probably 
result from a combination of suppression of diseases and a fertiliser effect. 
However, the large number of small gains are outweighed nationally by large 
losses in a few squares. 

The estimated national totals for production and changes in production 
resulting from pollution are summarised in Table 4.3. A reduction in production 
is shown for each of the crops as a result of current levels of pollution, compared 
with the assumed pristine conditions. The largest gross figure, and largest 
estimated cost is for wheat, reflecting the large area of this crop which is grown. 
However, beans, oats and barley show larger percentage losses of production 
than wheat, reflecting their more restricted distribution which is mainly within 
the area of Great Britain which has the highest rural S02 levels. Altogether, 
the crops included in this assessment total 46% by value of UK arable 
production. 

4.4. Indirect effects of nitrogen oxides 

Available data suggests that adverse impacts on crop growth and yield are 
highly unlikely at current ambient concentrations of nitrogen oxides. No 
attempt was therefore made to quantify direct impacts of NOx on yield. 
However, deposited nitrogen can act as a fertiliser which may enhance crop 
production. Dose-response functions are available for the impact ofN additions 
on the yield of various crops and these could have been used to calculate 
responses to atmospheric inputs. However, spatially dis aggregated data would 
also be required on conventional fertiliser inputs as the atmospheric inputs 
would have to be added to these conventional fertiliser additions to assess the 
response. We were unable to obtain a suitable national database on fertiliser 

Table 4.3. Agricultural production in Great Britain showing estimates of loss due to S02 pollution 

'000 

Current Potential Loss of Value Loss 
production production production (%) per tonne (million ECU) 

Wheat 15,600 15,730 130 0.84 96 12.5 
Barley 7,290 7,290 90 1.27 54 4.9 
Oats 541 549 8 1.45 56 0.4 
Beans 347 357 10 2.84 56 0.6 

Total 18.4 
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use and, therefore explored the application of a simpler approach to calculate 
the possible beneficial effect as of NOx deposition. The deposition of NOx to 
land under intensive agricultural production, arable or grassland, was assumed 
to be beneficial and act as a fertiliser. The quantity of N deposited, as NOx, 
to the relevant area of land was calculated and valued as fertiliser. Ammonia 
deposition was not considered as emissions from agriculture are beyond the 
remit of the present study. 

4.4.1. Stock at risk/receptor area 

The area under arable or intensive grassland was defined using the Land Cover 
Map. The number of hectares within each 1 km square classified in target land 
cover classes 6, 7 and 18 was derived from the LCM dataset. These data were 
aggregated to give the total area in the selected land cover classes, from the 
LCM data, in each 20 x 20 grid square; the data were also combined to give 
the total area under in these target land cover classes (Table 4.4). 

4.4.2. Pollution/deposition data 

The N deposition as NOx, in kg/ha/yr was provided on a 20 km grid cell base 
by D. Fowler and R. Smith from ITE Bush. Deposition of NOx under pristine 
conditions was considered to be negligible. These data were combined with the 
stock at risk and receptor area data to quantify the total deposition of NOx-N 
to the areas in the relevant land cover classes. The total estimated deposition 
was 7.1 kg/ha/yr (Table 4.4). 

4.4.3. Valuation of N inputs 

The value of N added was calculated using a figure of ECU 0.43 per kilo N 
(Nix, 1990). The total NOx deposition to agricultural land was multiplied by 
this figure to derive the total value of the deposited N as a fertiliser. It is 
interesting that the estimated value, ECU 23 million, is of the same order of 
magnitude as the estimated value of the loss in wheat production as a result 
of current levels of pollutant S02. 

Table 4.4. The quantity and value of nitrogen (N) falling as NOx on the area of intensive grassland 
and arable land in Great Britain 

Deposition 

Area, ha kg/ha/year Tonnes Cost (ECU mn.) 

8,090,000 7.1 57,600 23 
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4.5. Direct impacts of ozone 

The same methodologies as outlined above for the quantification of the direct 
impacts of S02 on arable crops were used to assess the direct impacts of ozone. 
The same stock at risk databases were used and these databases were linked 
with spatially disaggregated atmospheric ozone data and dose-response rela­
tionships relating yield to ozone concentration. The analysis presented here 
accounts for effects on 69% (by value) of UK arable crop production. 

4.5.1. Pollution data 

Two datasets were used of the current patterns of ozone concentrations. The 
first was the mean concentration at 5 km resolution (see Chapter 1). The second 
form of distribution was AOT40 (accumulation over threshold of 40 ppb); the 
relationship is specific to different receptors since the response is time dependent 
(cereals would usually respond to exceedence between April-July, forests more 
likely April to September). The only AOT 40 data available for an agricultural 
crop was for wheat and was provided by D. Fowler and R. Smith (personal 
communication). 

4.5.2. Dose/response relationships 

This mean concentration data was applied in combination with the NCLAN 
(National Crop Loss Assessment) dose-response relationships to produce esti­
mates of change for wheat, barley, potatoes, oilseed rape, peas and beans (Heck 
et aI., 1988). Sugar beet was omitted as the threshold for effect was higher than 
the values in the pollution data. For the NCLAN functions the 'natural' 0 3 

level assumed in this study is of no consequence as effects are only recorded 
at levels greater than this value. Further details are given in Table 4.5. 

4.5.3. Calculation of impacts 

The data on current production, the ozone concentration data and the dose 
response relationships were combined to calculate the production under the 

Table 4.5. Rate of loss and thresholds for various crops due to ozone concentrations 

Crop 

Wheat 
Barley 
Potatoes 
Sugar beet 
Oilseed rape 
Peas and beans 

Threshold (ppb) Rate of loss 

30 0.15 
40 0.34 
30 0040 
50 0.34 
30 0.34 
30 0.60 
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assumed pristine conditions; this was regarded as the potential production. 
These data were compared with the current production data to determine the 
loss in production due to current pollution levels of ozone, both absolute and 
percentage. The values of the crops per tonne were then used to calculate the 
value of the loss in production (Table 4.6). The estimated loss in wheat pro­
duction is the same as that estimated to result from current concentrations of 
S02' No impact is seen on barley production and the estimated impact on the 
production beans is of a similar magnitude to that estimated for S02' 

4.6. Indirect impacts of deposited acidity on intensive agriculture 

The indirect impacts of deposited acidity are soil mediated. Deposited acidity 
increases the rate of soil acidification which can, in tum impact on crop yields. 
Agricultural lime, ground limestone or magnesium limestone, is routinely added 
to agricultural soils when necessary to maintain soil pH conditions for optimal 
crop· production. These additions neutralise acidity that is both generated 
within the agricultural system and that which is deposited from the atmosphere. 
A small amount of quantitative data exists on the relationship between pH 
and crop yield. This could in principle be linked to process models predicting 
changes in soil pH in response to changes in atmospheric inputs. However, 
this approach has yet to be tested. A much simpler methodology has, therefore 
been used here to produce an estimated valuation of the impacts of deposited 
acidity. This approach values the lime additions required to neutralise the 
deposited acidity and is based on the methodology used in the ExtemE project 
(European Commission, 1995). 

4.6.1. Pollution data 

Total acid deposition of pollutant origin has been calculated from the sum of 
the total non-marine sulphur and nitrogen deposition expressed as the equiva­
lent weight of hydrogen ions per hectare (keq H+ kg- 1 ha). 

Table 4.6. Crop production ('000 tonnes) under present and pristine conditions and calculation 
of value of loss 

Price/tonne Damage 
Current Pristine Loss % loss (ECU) (ECU mn.) 

Wheat 15,600 15,720 120 1 96 11.7 
Barley 7,200 7,200 0 0 54 0 
Potatoes 5,500 5,680 180 3 115 20.8 
Sugar beet 0 45 0 
Oilseed rape 1,300 1,313 13 1 350 4.6 
Peas 363 375 12 3 56 0.7 
Beans 350 360 10 3 56 0.6 

Total 38.4 
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4.6.2. Stock at risk 

The stock at risk was determined using the Land Cover Map (see above) and 
a soils database. The area of the UK under intensive agriculture (arable plus 
intensive grass), was defined by amalgamating the tilled-land category (target 
class 18) with the managed grass classes (target classes 6 and 7) from the LCM. 
The response of soils to deposited acidity varies with the chemistry and mineral­
ogy of the soils. Soils containing free carbonates will buffer deposited acidity 
without additions of extra agricultural lime. The database of land dominated 
by intensive agriculture was overlain by a database defining areas of the UK 
dominated by calcareous soils to provide the final definition of stock at risk; 
areas of the UK where the dominant land use is intensive agriculture on acid 
sensitive soils. The soils mask defined 1 km squares dominated by the following 
soil types: rendzinas, sand pararendzinas, rendzina-like alluvial soils, calcareous 
pelosols, brown calcareous earths, brown calcareous sands and brown calcare­
ous alluvial soils. The total area of agricultural land on acid sensitive soils was 
estimated at 66,000 kml. The data from the 1 km grid square database was 
aggregated to a 20 km grid square basis, to match the pollution data set. 

The use of a soil mask based on calcareous soils will result in an overestimate 
of the amount of lime required as some high pH, clay-rich non-calcareous soils 
will also buffer all or most of the deposited acidity. However, buffering capacity 
varies considerably within this broad grouping of soils and the appropriate 
soil mask is, as a result difficult to define. The overall effect on the final result 
is likely to be small, though this refinement could be made in the future. 

4.6.3. Calculation of impacts 

The stock at risk database was overlain with the spatially dis aggregated total 
deposited acidity to determine the acidity deposited on the stock at risk. The 
total deposition was estimated at 1,800 tonnes H +. Neutralisation of this acidity 
using calcium carbonate requires 50 times as much lime weight for weight. 
Thus, 91,000 tonnes of calcium carbonate would be required. At a cost of 16 
ECU per tonne, the total value ofthe lime would be 1.5 million ECD. Additional 
labour charges for application of this lime do not need to be considered because 
it would be applied with the lime used to counteract harvest-induced acidifica­
tion: it seems unlikely that the incremental requirement for lime at the level of 
the individual farm will increase by an amount that demands a significant 
increase in labour. 

4.7. Conclusions 

Estimates of the costs associated with direct effects of SOl, 0 3 and deposited 
nitrogen on crop yield, and of deposited acidity on soil liming requirements 
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have been made for the UK. Indirect effects, for example through interactions 
with pests and climate have not been considered because of a lack of suitable 
dose-response data. The dose-response function used for assessment of S02 
effects on certain crops allows for increased crop growth at low S02 levels, 
which apply over most of the country. 

The total direct effect of pollutants on crop production will depend signifi­
cantly on the distribution of the crops that have not yet been integrated into 
our analysis. Future work should seek to identify dose-response functions for 
these crops and also begin to consider the indirect effects of air pollution on 
crops mediated through climate and pests. 



CHAPTER 5 

FORESTS 

5.1. Introduction 

The problem of forest decline, and its possible association with atmospheric 
pollution has been the subject of much research in recent years. Although at 
least 18 major declines were reported in Europe and North America between 
1900 and the late 1970s, the fact that damage was identified simultaneously in 
so many parts of the northern hemisphere makes the present problem particu­
larly noteworthy. Declines have long term consequences on yield or even on 
the existence of a forest or species. 

In Europe unusual symptoms were first noticed on silver fir in Germany 
during the 1970s, followed by Norway spruce, Scots pine, beech and other 
species. The widespread nature of the problem, in terms of area and species 
affected, suggested that the causal factor operated at a regional level. The only 
agents that seemed to meet this condition were pollution and climate stress. 
Pollution was further implicated in the observed declines by the fact that 
population density of Scots pine in Germany and the UK had earlier been 
shown to be correlated with S02 levels (Knabe, 1970; Farrar et al., 1977). S02 
at annual mean concentrations of between 15 and 40 ppb is also known to be 
directly responsible for the death of spruce within the 'Black Triangle' of 
Czechoslovakia, Poland and eastern Germany (Moldan and Schnoor, 1991). 

NOx at current levels is not believed to be capable of causing damage on 
its own, but may increase damage by interaction with other pollutants or other 
stresses. Nitrogen deposition is believed by some experts to be responsible for 
increased forest growth in many areas in the last few decades, though it is 
questionable whether this is sustainable: some work suggests that excess nitro­
gen deposition may lead to nutrient imbalances, particularly for base cations. 
Concern has also focused on 0 3 , levels of which have risen in recent years, 
largely as a consequence of the expansion of motor traffic. In areas subject to 
high insolation this pollutant is quite capable of damaging plants, as experience 
from the US clearly shows. 0 3 levels in the UK frequently exceed those 
recommended by the World Health Organisation and the UN ECE (Bower 
et al., 1991). 

Although damage to leaves may be caused directly by exposure to pollutants, 
less direct effects, mediated through the soil, are probably more important. The 
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work of Tamm and Hallbacken (1988) in Sweden has proved that soil acidifica­
tion is a serious problem even in areas of Europe that are far removed from 
industrial activity. Soil acidification is known to disrupt nutrient cycling within 
forests by increasing leaching of essential nutrients such as calcium and magne­
sium. Increased aluminium mobilisation may exacerbate this problem by 
interfering antagonistically in the uptake of nutrient base cations. Very high 
concentrations of aluminium in the soil solution may damage roots. 

Valuation of damage to forests should ideally account for the fact that trees 
and forests perform a wide range of useful functions in addition to timber 
production. These include use for recreation, protection from avalanches in 
mountainous areas, CO2 uptake and storage, water management and wildlife 
habitat. Indeed, some analysts suggest that the economic damages resulting 
from reduced non-timber benefits may substantially outweigh the effects of lost 
timber production (see Nilsson et al., 1992). 

Within this Chapter we have applied two available models to estimate the 
effects of air pollution on timber production for each of the four countries 
involved in this study. In addition to this further data is given on expenditure 
in Germany on measures to limit air pollution damage to forestry. 

5.2. Modelling forest response 

5.2.1. Available models 

Models of tree response to pollutants have been developed at a number of 
levels, ranging from the assessment of sub-cellular effects on biochemistry and 
micro-structure to estimation of damage at the continental scale. Forest growth 
models are made particularly complex by the fact that trees are long lived and 
need to be treated in a sustainable manner. To ensure an adequate supply of 
timber in future years it is thus important that harvests are properly planned. 
Even under ideal conditions harvesting levels cannot be suddenly increased 
beyond a point at which the amount of standing timber starts to fall, without 
either reducing the amount of timber cut in future years or rapidly expanding 
the growing stock. If acidic deposition has a serious effect on tree growth 
(which seems likely) it is probable that impacts associated with soil acidification 
will persist for many years after soils have recovered, whilst the quantity of 
standing timber recovers to a long term sustainable level. 

A number of modelling exercises were reviewed for the ExternE Project 
(European Commission, 1995): 

• models reviewed by the National Acid Precipitation Assessment 
Programme in the USA (NAPAP, 1990b); 

• the IIASA Forest Study Model (Nilsson et aI., 1992); 
• the forest module of the RAINS model (Makela and Schopp, 1990); 
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• Sverdrup et al. (1993); 
• Kuylenstierna and Chadwick (1994). 

NAPAP (1990) reported that there were no models able to assess damages 
caused by the pollutants of interest to this study, at least for application within 
the USA. 

The most ambitious attempt within Europe so far is the nASA Forest Study 
Model (Nilsson et al., 1992). Although application of the damage module 
described is open to serious criticism, it can at least be used to provide some 
guide to the range of possible effects. A further difficulty with the use of the 
results of this model is that the emissions scenario used is no longer realistic 
in the light of a tightening of the Sulphur Protocol within the UN ECE 
Convention on Long Range Trans-boundary Air Pollution. 

The forest module of RAINS (Makela and Schopp, 1990) has been validated 
to some degree, but is applicable only within a restricted area in Eastern 
Europe and hence is not relevant in this study. The method presented by 
Sverdrup et al. (1993) needs further evaluation. It is worth noting that all three 
of these European models tend to predict serious forest damage. 

The approach identified by Kuylenstierna and Chadwick is based on the 
hypothesis that forest damage arises from acidification of the soil giving rise 
to aluminium concentrations that are high enough to harm the fine roots 
(Ulrich, 1985; 1990). This in turn affects the ability of trees to take up nutrients 
and water. The current model is acknowledged by its authors to be preliminary; 
for example, it does not properly account for the potential for long term 
damages from acidic deposition, nor does it adequately reflect spatial variation 
in receptor sensitivity. Also, whilst the dose-response functions that are used 
are statistically significant, they fail to explain a large amount of the observed 
variation. However, the model has the advantage of being both simple and 
transparent. On these grounds, and also to emphasise that re-analysis of the 
wealth of data that exists on forest condition can provide new insight and 
should be treated as a research priority, the method was used in preference to 
the other models developed for the ExternE Project. 

5.3. Methodology 

For the present study we have used the Kuylenstierna and Chadwick model 
(hereafter denoted as the KCM), which proceeds through the following stages: 

• identification of areas of broadleaved and coniferous forest 
• identification of forest areas subjected to critical loads exceedence 
• application of a dose-response function to assess effect of critical loads 

exceedance on condition of the forest canopy 
• application of a further dose-response function to assess the effect of (3) 

on growth 
• valuation of lost timber yield 
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Data on critical loads exceedance of forests in all 4 countries under consider­
ation in the present study have been collected. Resolution of this data is not 
high, as it is based on the 150 km EMEP grid system. However, given the 
uncertainty present in the underlying dose-response functions it seems unneces­
sary to go to a higher resolution. More information on critical loads mapping 
is provided in the next chapter. 

For the purpose of this analysis we have assumed a uniform yield class of 
10 (m3 wood production per hectare of forest per year) and a price of 50 ECU m3 

(from Sinclair and Whiteman, 1992). This is a gross simplification, but in 
keeping with the low level of accuracy inherent in the method used. Further 
details of the approach are provided in the methodology report for the ExternE 
Project (European Commission, 1995). 

We have also used the published results of the IIASA Forest Study. Neither 
method is regarded as ideal, though hopefully the demonstration of their use 
will stimulate further debate, and hopefully a reassessment of the data that is 
available. Results are compared to timber production in each of the countries 
involved in GARP. In neither case has account been taken of non-timber 
benefits, which could be substantial. 

5.4. Results 

The results of the use of the KCM are shown in Table 5.1, whilst those of the 
IIASA Forest Study decline scenario are given in Table 5.2. Table 5.3 compares 

Table 5.1. Estimated timber loss in the UK, Germany, Italy and the Netherlands in response to 
acid deposition, using the KCM 

Best estimate, Low, High, 
MECU MECU MECU 

UK 1.5 0.7 2.4 
Germany 49 22 77 
Italy 2.3 1.0 3.6 
The Netherlands 0.04 0.02 0.06 

Table 5.2. Estimates of timber loss in response to air pollution using the IIASA forest study 
(Nilsson et al., 1992) 

Timber loss, Value, 
Mm3 MECU 

UK 3.6 180 
Germany 12 600 
Italy 3.3 165 
The Netherlands 0.2 10 
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Table 5.3. Comparison of results with European timber production (total raw wood) and final 
forestry output statistics for 1984 

Production, Output, % loss % loss 
Mm3 MECU (KCM) (IIASA) 

UK 3.9 200 0.8 90 
Germany 29 1,410 3.5 43 
Italy 9.2 409 0.6 40 
The Netherlands 0.9 n.a. 0.1 22 

these results with data on European timber production in the 1980s, with 
figures taken from Eurostat (1989). There is a difference of 2 orders of magni­
tude between the results for the two models. To some extent the comparison 
with current productivity is misleading, as both models assume that the use of 
forested land is optimised solely for timber production, which is not the case. 
However, this reflects another limitation of the models; that they do not 
adequately reflect human behaviour. 

The figure for lost production represents the annual fall in harvest resulting 
from the effects of air pollution on forests being managed in such a way that 
timber production is maximised throughout the period of interest (100 years), 
and that a viable standing crop is left at the end of this period. A value of 
50 ECU 1m3 has again been assumed. 

The results of the two models are very different. These differences are most 
pronounced for the UK, where the range given covers 1 to 90% of annual 
timber production! The 90% value, from the IIASA model, is a clear overesti­
mate on the following grounds, leaving aside any doubts about the validity of 
the decline module of the model itself: 

• the emissions scenario assumed by the model does not adequately reflect 
the decreasing trend in sulphur emissions, 

• the model assumes that all European forests are managed optimally for 
timber production, which is not the case. 

Neither model of course takes any account of increased forest growth caused 
by the deposition of nitrogen, though as stated above there are some doubts 
about the sustainability of this effect. Ofthe four countries Germany is predicted 
to suffer the largest absolute loss of material. The KCM prediction is that 
damage in each of the other three countries is less than 5 MECU whereas the 
IIASA model predicts losses in excess of 100 MECU in all countries except the 
Netherlands. 

It is necessary to ask whether these results are of any use more generally 
within the context of the present study and elsewhere, given the uncertainties 
involved and the broad ranges that we have derived. At the upper end of the 
scale the results for timber loss seem small (at least for the UK) compared to 
other damages described in this report, suggesting that future effort should be 
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directed elsewhere. However, it must be remembered that no account has been 
taken of non-timber uses of forests. WWF (1992) reports that in both the UK 
and The Netherlands more than 80% of the forest area is of high or medium 
importance to recreation. 

5.5. Conclusions 

Air pollution is responsible, or partially responsible for many of the forest 
declines observed in recent years in Europe. The pollutants of greatest concern 
to European forestry are S02, NOx , NH3 , 0 3 and acidity. The impact pathway 
for effects of these pollutants on forests is complex. A large number of variables, 
above and below ground will be affected. Knowledge of a number of effects is 
limited. Recent observations of increased tree growth in Europe appear to 
conflict with concern about forest condition. However, many authorities on 
this subject believe that the current situation is not sustainable. It appears to 
result from increased N deposition and increased mobilisation of base cations 
within the soil. If acid deposition exceeds critical loads (which is the case over 
much of Europe), ecosystems will become depleted of nutrients. Elevated levels 
of N will then create nutritional imbalances within plants. This is likely to 
make them more susceptible to damage. 

There are no models available that predict forest response to pollution, that 
are both widely applicable and well-accepted by the scientific community. The 
most ambitious attempt to model the effects of acidic deposition on forests was 
made by Nilsson et al. (1991) in the IIASA model. In this study we have used 
the IIASA model results to provide upper estimates of timber losses, and the 
estimates by Kuylenstierna and Chadwick (1994) for a lower bound. It is 
difficult to see how these results could be usefully applied in the development 
of policy. However, it is hoped that they can be useful in stimulating debate 
in improvement of the methodology for assessment of forest damage. 



CHAPTER 6 

ECOSYSTEMS 

6.1. Introduction - natural terrestrial systems 

The structure and function of ecosystems can be influenced directly and indi­
rectly by the Sand N compounds emitted during the burning of fossil fuels 
and the secondary products arising from atmospheric interactions. Direct effects 
on vegetation communities or individual plant species can arise from the 
impacts of the atmospheric concentrations of the gaseous pollutants S02, NOx , 

NH3, and 03; the changes in vegetation can have consequent effects on the 
associated invertebrate and vertebrate faunas and on soils. Indirect effects result 
from the deposited load of the pollutant Sand N compounds and are soil 
mediated in the case of terrestrial vegetation and soil and water mediated in 
the case of aquatic fauna and flora. 

6.2. Impacts of the gaseous pollutants 

There are few reliable dose-response relationships available for the impact of 
gaseous pollutants on natural plant species to form the basis of a similar 
methodology to that used to quantify impacts on crops. However, critical levels 
have been set for forests and natural vegetation for each of the main gaseous 
pollutants of interest. These critical levels tend to be general values for natural 
vegetation rather than for individual species or plant communities. They are 
being refined and revised as knowledge increases. The impact of current, 
ambient levels of the various pollutants can be assessed by overlaying spatially 
disaggregated data of pollutant concentrations on spatially disaggregated infor­
mation regarding the occurrence of relevant receptors to determine the propor­
tion of the area of the stock at risk for which the critical level is exceeded. 
Damage is assumed to occur in areas where the critical load for a given receptor 
is exceeded. This methodology does not, however, provide any quantification 
of the magnitude of the impact on, for example, growth or flowering. It should 
also be noted that there is little or no data currently available for valuation of 
air pollution impacts on ecosystems (European Commission, 1995). In a recent 
study (Ecotec, 1994) a contingent valuation study was performed to value a 
reduced threat of acid deposition damage to upland vegetation in the UK. 
Results seem specific to the exact case in question, and the degree to which 
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they can be extrapolated more generally is open to question. However, the 
study did demonstrate that valuation work on pollution impacts to natural 
ecosystems is possible. 

6.2.1. Data requirements 

The approach requires the following input datasets/models: 

• spatially disaggregated pollution concentration data for the relevant 
pollutant, 

• spatially disaggregated data on the distribution of the relevant receptor 
(stock at risk), 

• critical levels for the relevant pollutant-receptor combination. 

Pollutant data 
In the present exercise, pollutant data was provided on the basis of 1 km, 5 km 
or 20 km grids. For S02, NOx and ammonia, the mean annual concentration 
for each 1 or 5 km square for 1992 was used and for ozone the total ppb hours 
above 40 ppb during the growing season for each 20 km grid cell for 1989. 

Stock at risk 
This was defined using the ITE Land Cover map, based on satellite imagery 
(Fuller et al., 1994). The database provides information on land cover on the 
basis of 25 m pixels. These data have been aggregated to provide receptor maps 
on grids of 1 km, 5 km or 20 km squares. The scale of the aggregation was 
determined by the scale of the pollutant data available. The area of semi­
natural vegetation in each 1 km square was determined; the procedure was 
repeated to give data for semi-natural grassland, herbaceous semi-natural vege­
tation, deciduous forest and, by combining these datasets a total cover of semi­
natural vegetation. 

Critical levels 
The critical levels were taken from the UN-ECE Manual on 'Methodologies 
and Criteria for Mapping Critical Levels/Loads and Geographical Areas Where 
They are Exceeded' (Federal Environment Agency, 1993) or, in the case of 
ozone from Fuhrer and Ackerman (1994). 

The current critical levels for S02 are as follows: 

Cyanobacterial lichens: 
Forest ecosystems: 

Natural vegetation: 

10 ~g S02 m -3 annual mean 
20 ~g S02 m -3 annual mean and half-year (March­
October) mean 
20 ~g S02 m -3 annual mean and half-year (March­
October) mean 

A critical level of 30 ~g m -3 of the NOx gases has been currently set for forests 
and semi-natural vegetation. 
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A series of critical levels have been set for ammonia for all vegetation types 
and depending on the duration of the exposure at a given concentration 
(Table 6.1). 

A critical level of ozone for natural vegetation has been set at 5.3 x 104 ppb 
hours above a mean concentration of 40 ppb during daylight hours of the 
growmg season. 

6.2.2. Quantification of impacts 

The methodology used in the calculation of the impacts is illustrated using the 
impact of NOx on semi-natural vegetation. 

Sulphur dioxide 
The critical level for forest ecosystems and natural vegetation are currently 
only exceeded in a very small areas of the Midlands in England. In total, the 
critical level is exceeded for some 1 % of the area of the semi-natural vegetation 
receptors in the UK, the total area of which was estimated to be 60,184 km2• 

Nitrogen oxides 
The critical level for semi-natural vegetation is exceeded over 26% of the land 
surface of Great Britain but for only 3 % of the area of semi-natural vegetation. 
In this case heathland was also considered separately as a subset of the total 
semi-natural vegetation; the critical level was exceeded over 9% of the area of 
heathland, with the area of heathland estimated at 17,635 km2 . 

Ammonia 
In the UK the critical levels shown in Table 6.1 are only exceeded in small 
areas adjacent to large intensive animal units. 

Ozone 
The critical load for natural vegetation is exceeded over 42% of the UK and 
for some 64% of the semi-natural vegetation stock at risk. 

Table 6.1. Critical levels for ammonia 

Critical level (Ilg m -3) Duration 

3300 1 hour 
270 1 day 

23 1 month 
8 1 year 
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6.3. Pollutant loads 

Many approaches are being explored for defining the magnitude and geographi­
cal extent of the impacts of acidic deposition, and its components, on natural 
and semi-natural ecosystems e.g: 

• critical load based approaches, 
• models of the relationship between environmental factors and soil nutrient 

status on the one hand and plant species distribution/occurrence, 
• mechanistic growth models, 
• linked hydrochemical and water chemistry-aquatic biota models. 

Mechanistic growth models have, for example, been applied in the Netherlands 
to assess the impacts of enhanced nitrogen deposition on Call una heathland 
(Heil and Bobbink, 1993) but to-date the models have not been tested outside 
the Netherlands. The use of the nutrient status-plant species occurrence 
approach has also been explored in the Netherlands (Latour and Reiling, 1993) 
but similar relationships have not been developed in the UK nor have the 
Dutch models been tested outside the Netherlands. 

Linked hydrochemical and water chemistry-fish status models have been 
applied to determine the effect of changing atmospheric inputs of pollutants 
on fishery status (Ormerod et al., 1990) and, in principle, the same approach 
could be used to assess impacts on other aquatic biota for which the relevant 
water chemistry-biota status are available, for example invertebrate population 
status and populations of some water feeding birds. This approach has yet to 
be fully tested. Critical loads based approaches enable the determination of the 
area of the stock at risk for which the critical load is exceeded; damage is 
assumed to be taking place in these areas. A critical load based approach has 
been explored here. 

6.3.1. Critical load approaches 

Various methodologies have been developed over the last ten years to calculate 
and map the critical loads of acidity, sulphur and nitrogen for a range of 
receptors. These approaches can be grouped into the following types (Hettlingh 
et aI., 1991): 

• Empirical approaches - where a critical load is assigned on the basis of 
empirical evidence or data, field observations or additional experiments 
for example, 

• Simple mass balance models - where the sources and sinks of the relevant 
pollutant at equilibrium are balanced to calculate the pollutant inputs 
which will not produce imbalance or other damage with respect to the 
selected receptor, 
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• Dynamic models - process or mechanistic models which incorporate the 
main processes or mechanisms controlling the fate and impact of the 
relevant pollutant in the receptor system. 

The approach requires the following data/model inputs: 

• spatially disaggregated data on current deposition of the relevant pollutant 
compounds, 

• an estimate of the natural background deposition of the relevant pollutant, 
• spatially dis aggregated data on the stock at risk, 
• critical loads of the relevant pollutant for the stock at risk. 

6.3.2. Use of a critical loads based approach to assess the impact of increased 
deposition of oxidised nitrogen 

An empirically-based approach was used to determine the impact of current 
levels of deposition of oxidised nitrogen compounds on a number ofN-sensitive 
types of vegetation. 

Pollutant data 
For illustrative purposes, this work has concentrated on the effects of oxidised 
forms of nitrogen, derived from the burning of fossil fuels, primarily from 
vehicles, power plants and industry. In contrast, the dominant source of reduced 
nitrogen, ammonia, is agriculture. The pollutant dataset used gave mean annual 
deposition of oxidised nitrogen compounds on a 10 km grid cell basis for the 
years 1989-1992. 

Stock at risk 
Empirical studies have been used to identify N sensitive plant communities 
and empirically derived critical loads assigned to these communities (Hornung 
et al., in press). Three of these sensitive communities have been considered in 
the current study: Calluna heathland, Calcareous species-rich grassland and 
montane sub-alpine grassland. The plant species typical of these communities 
were first identified, using published records but chiefly the data held in the 
National Vegetation Classification (Rodwell et al., 1991). These data were used 
to identify a number of indicator species for each of the vegetation types. For 
each of the vegetation types, the number of species, from the indicator list, 
occurring in each 10 km grid cell in Great Britain was then identified and 
plotted using the databases of the Biological Records Centre (BRC). 

The stock at risk was then defined as those 10 km grid cells in which more 
than a specified number of the indicator species occurred; the cut off number 
used for the calcareous grassland was 12 and for the montane-sub-alpine 
grassland 4. The number of species used for the cut off value was decided after 
discussions with research workers with extensive knowledge of the relevant 
vegetation communities. 
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Critical loads 
The critical loads for the relevant vegetation types are shown in Table 6.2. The 
stock at risk maps were converted to critical load maps by assigning the mid­
point value of the relevant critical load from Table 6.2. 

Exceedence of critical load 
For the purposes of this report it is assumed that there would have been 
no significant exceedence of critical loads for nitrogen in the 'pristine', pre­
industrial revolution environment. 

The critical load for the montane grassland is exceeded over only 0.7% of 
the area of this vegetation type by deposition of oxidised compounds of N. In 
contrast, the critical load is exceeded over 70% of the area if total nitrogen 
(oxidised + reduced) deposition is considered. The difference in results reveals 
two important points. The first is that non-energy sector emissions are of great 
importance: in order to protect ecosystems against nitrogen, action is also 
needed in other sectors. The second is that the assumptions made regarding 
the appropriate baseline for the assessment have a very significant outcome on 
the results, particularly where there is a well established interaction at the 
effects level between pollutants. 

The critical load is not exceeded for the calcareous species rich grassland 
by deposition of oxidised N compounds. For comparison, the critical load is 
exceeded over 19% of the area of this vegetation type if the total nitrogen 
deposition is considered. 

The critical load for heathland is not exceeded by the deposition of 
oxidised N. 

6.4. Other approaches 

A recent study by Tickle et al. (1995) for the World Wide Fund for Nature 
provides an assessment of the effects of acidic deposition to ecosystems through­
out Europe. The first part of the report provides listings of species known to 
be affected directly or indirectly by air pollution. These listings were derived 
by literature review, and should be regarded as indicative only; they are certainly 

Table 6.2. Critical loads for nitrogen deposition for selected vegetation types 

Vegetation type 

Nitrogen limited Calcareous species rich grassland 
Montane subalpine grassland 
Upland Calluna moorland 
Lowland heathland 

Critical load, 
(kgNha- 1 yr- 1 ) 

14-40 
10-15 
10-20 
15-22 
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Table 6.3. Species of national conservation status identified as being sensitive to acidic air 
pollution 

Mosses 
Liverworts 
Charophytes 
Lichens 
Higher plants 

UK 

5 

4 
2 

Germany Italy Netherlands 

7 2 4 

not exhaustive. Of most concern is the identification of 26 species of interna­
tional conservation status that are believed to be at greater risk through air 
pollution effects. The number of species identified as being sensitive to acidic 
air pollution which are also of national conservation status in the GARP study 
countries (see Table 6.3). 

Whilst stressing that this data is not exhaustive, it demonstrates that air 
pollution is a threat to some species that are regarded as being at risk. It must 
be said that changes in land use and management and other factors are in 
many cases a more serious stress for these species than air pollution. Lichens 
are, however, a notable exception because of their often extreme sensitivity to 
S02' Indeed, following a reduction in S02 emissions in Europe in the last 
20 years it has been noted that lichen abundance and diversity has increased 
in many areas. 

Tickle et ai. also provided an analysis of the number of protected sites (taken 
from the 1990 United Nations List of National Parks and Protected Areas: 
IUCN, 1990) where air pollution is likely to be a significant threat. The analysis 
was based around the use of the RAINS model (Alcamo et ai., 1990), and the 
RAINS 'Current Reduction Plans' scenario, which unfortunately does not 
reflect the 1994 Sulphur Protocol for the UN ECE Convention on Long Range 
Transboundary Air Pollution. However, the analysis demonstrated that many 
sites are under threat. Of the countries being assessed within GARP, risk is 
greatest in the Netherlands and least in Italy. 

6.5. Conclusions 

Use of the critical loads and critical levels approach has allowed maps to be 
produced identifying the areas under greatest threat from air pollution. 
Although we have concentrated on oxidised nitrogen species the methodology 
is applicable to any pollutant for which a critical load or level has been defined. 
Emissions from energy use are not the only source of air pollution to affect 
natural ecosystems. Other sectors, agriculture in particular, also need to be 
considered. 

A number of species of significant conservation interest face increased threat 
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as a result of exposure to air pollution. Economic valuation of the effects of 
air pollution on natural ecosystems is not possible at the present time. Further 
review of the results of this work and the methods used to present information 
needs to be conducted by economists experienced in the use of contingent 
valuation, to see whether an appropriate valuation study could be designed. 

It should be remembered that effects of air pollution are only one of several 
threats to natural ecosystems. Changes in land use and management are likely 
to be more important. However, the present study has not considered possible 
effects resulting from global climate change, which seem likely to have major 
impacts on the distribution of species particularly in the northern temperate 
region where many species are at the extreme of their geographical distribution, 
and in coastal areas. 

Introduction 

Acidic deposition resulting from the burning of fossil fuels can impact indirectly 
on freshwater fisheries. Water chemistry is one factor which influences the 
status of fish stocks and fisheries and this can be affected by acidic deposition 
onto the catchment of the stream of lake and, in the case of larger lakes, by 
direct deposition to the surface of the water body. As the acidic inputs do not 
affect the fish directly, impacts on fishery status cannot be quantified using a 
dose-response relationship between deposition and fishery status. However, 
relationships do exist between water chemistry and fish survival, or fishery 
status, and models have been developed to determine changes in water chemis­
try in response to variations in atmospheric deposition. The impacts on changes 
in deposition can therefore be quantified by linking these two types of model. 
A number of methodologies have been explored and the present study has 
applied the approach used in ExternE Project (European Commission, 1995). 
The approach requires the following data and models: 

• data on atmospheric deposition of major anions and cations from pollu­
tant and non-pollutant sources, 

• hydrochemical model to predict changes in surface water chemistry in 
response to variations in atmospheric inputs, 

• a damage function relating fishery status and water chemistry, 
• stock at risk data for (a) fisheries and (b) streams (chemistry) in the area 

of interest. 

The method used in the ExternE project links the MAGIC hydrochemical 
model (Cosby et aI., 1985) and a damage function for fish numbers per unit 
length of stream derived by Ormerod et al. (1990) from a national survey of 
surface water chemistry and fish populations in Wales. 
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Data requirements 

6.7.1. Atmospheric inputs 

Background sulphur deposition was set at 40 meq m -2 yr- 1. 

6.7.2. Stock at risk 

The sensitivity of surface waters to acidification by acidic atmospheric inputs 
is influenced by a number of factors, but the main controls are the chemistry 
and mineralogy of the soils and bedrock which underlay the stream catchment. 
Thus, the streams of catchments underlain by calcareous soils and rocks, which 
have a large buffering capacity, are insensitive while streams of catchments 
underlain by shallow, acid soils and massive granitic rocks are highly sensitive. 
The stock at risk can be broadly defined as the surface waters in those areas 
underlain by soils and bedrock with low buffering capacities. 

A methodology has been developed for predicting the sensitivity of surface 
waters in Great Britain to acidification which is based on data on the buffering 
capacity of soils and rocks plus information on land use (Hornung et aI., 1995). 
Datasets on soils, solid geology and land use, each based on 1 km grid cells, 
were combined in a GIS and each 1 km grid square in Great Britain was then 
allocated to one of five sensitivity classes. For the present study, the grid cells 
allocated to the three most sensitive classes were defined as the stock at risk 
area. The area in the two classes totalled 57,070 km2; equivalent to 22% of the 
total land area of Great Britain. 

The damage function used in the current study requires information on 
stream length and gives fishery data in terms of numbers of fish per 100 m 
length of stream. Data on stream length for the two most sensitive classes of 
land was calculated from a sample of 1 km squares within the stock at risk 
area. The streams in each of the sample squares were digitised and the total 
length within each square determined. The mean stream length in the sample 
squares was multiplied by the total number of 1 km squares in the stock at 
risk area to give the stock at risk stream length, which was 88,857 km. 

Detailed investigations in Wales and Scotland have shown that, even in the 
predominantly sensitive areas, there are less sensitive streams and catchments 
because of small scale variations in bedrock chemistry and mineralogy. Data 
from the stream survey within Wales was used to allocate the streams within 
the stock at risk area within Wales into four sensitivity classes on the basis of 
stream hardness (Table 6.4). The total calculated stream length in the stock at 
risk area was allocated to the same four classes and in the same proportion as 
found in Wales. This is clearly a gross simplification but was used in the 
absence of a national dataset on which the allocation of the stock at risk stream 
length could be made to hardness classes. 
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Table 6.4. Distribution of streams in the stock at risk area in Wales (hardness classes and the 
trout density of streams in each class) 

Hardness Trout density % of streams 
Stream class (mg 1-1 CaC03 ) (per 100 m) in class 

1 <5 <5 17 
2 5-8 5-25 33 
3 8-10 26-138 26 
4 >10 > 138 22 

6.7.3. Application of the linked hydrochemical model and the fish status model 

The MAGIC model has been run for sample streams for each of the 
sensitivity/hardness classes within the stock at risk area. The model was used 
to generate water chemistry for the sample streams in pre-industrial conditions 
using the sulphur deposition value of 40 meq m2 yr-l, for the pre-industrial 
environment, as the main driving variable. 

The water chemistry generated for the sample stream by the application of 
the MAGIC model were used as input data to the fish density model of 
Ormerod et al. (1990). Stream flow in pre-industrialised times was assumed to 
be the same as at present. The output from the fish model gave fish densities 
per 100 m of stream in pristine conditions. 

6.8. Quantification of impacts 

The application of the combined hydrochemical and fish density models for 
the pre-industrial environment suggests that all the classes of streams had 
between 80 and 200 fish per 100 m in this environment. The less sensitive 
streams, in sensitivity/hardness class 4 showed no significant change in indivi­
dual stream chemistry or fish density compared with the present day. However, 
the model outputs suggest that the streams in classes 1, 2 and 3 had similar 
fish densities to the less sensitive streams in the unpolluted environment. 

The current ranges of fish density in each class of stream, as in Table 6.4, 
and the densities in pre-industrial conditions, 80-200 fish per 100 m stream 
length, have been multiplied by the total stream length in each stream class 
within the stock at risk area (Table 6.5). This gives current and past fish stocks 
in the stock at risk area (Table 6.6). Fish densities in stream class 4 have been 
assumed to be between 80 and 200 both currently and in the past. These data 
suggest that the trout stocks within the stock at risk area have been reduced 
by some 60% since industrialisation. 

6.9. Conclusions 

The linkage of data on atmospheric deposition, hydrochemical models, damage 
functions and data on stock at risk has been demonstrated to estimate changes 
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Table 6.5. Lengths of streams in each sensitivity/hardness class within the stock at risk area of 
Great Britain 

Stream class 

1 
2 
3 
4 

Length of streams 
(m.102 ) 

151059 
293231 

23103077 
195488 

Table 6.6. Estimated current and pre-industrial fish stocks in the stock at risk area of Great 
Britain by stream class 

Stream class Current population (x 106 ) Past population (x 106 ) 

0-0.76 1.21-3.Q2 
2 1.47-7.33 23.46-56.30 
3 6.00-8.78 18.53-46.21 
4 15.64-39.04 15.64-39.04 

Total 23.11-55.91 58.84-144.57 

in fish populations in freshwater systems in Great Britain. Overall, a 60% 
reduction in fish numbers is predicted by the models, when comparing present 
day conditions with those predicted to have existed prior to industrialisation. 
In the long term it is anticipated that conditions will improve, following pan­
European agreement to further reduce emissions of sulphur, though it should 
be noted that the critical load for acidity will still be exceeded in some areas 
of the UK. The situation with respect to nitrogen deposition and its influence 
on acidity is not so clear. 

Valuation of damage to fisheries has not been performed. There is some 
literature on this subject which may be of use (e.g. Ecotec, 1994), though this 
needs further evaluation before application to the present case. 

The methodology presented contains several sources of uncertainty, some 
of which will be answered by ongoing research. It is to be hoped that the 
demonstration of a coherent methodology for the full impact pathway will 
provide an impetus for other areas of uncertainty to be addressed, and also for 
the application of the methodology to be investigated for other countries where 
freshwater acidification is a problem. 

Whilst we have sought to quantify the total effect of pollutant deposition 
above natural background levels, the change in impact between different years 
may also be of interest in the context of national accounts. This would establish 
whether or not there had been improvement from year to year. The same 
methodology could be applied to such a case. 
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MATERIALS 

7.1. Introduction 

The effects of atmospheric pollutants on buildings have for many years provided 
some of the clearest examples of damage related to the combustion of fossil 
fuels. In particular, damage to the stonework on cathedrals and other buildings 
of cultural and aesthetic merit has caused much concern. 

Valuation of material damage is complicated by several factors. One of the 
most important concerns variation in behaviour between individuals. Some 
people will allow damage to proceed well beyond the point at which action 
would ideally be taken, allowing secondary damage mechanisms to take effect, 
perhaps affecting the structural integrity of their property. Acceleration of 
damage by air pollution may in these cases increase damage costs. Other people 
will take action earlier than what could be defined as the economic 'ideal' from 
the perspective of repair costs. This could be because they believe that a given 
action should be performed at a particular frequency, or, for example, simply 
because they want to paint their house a different colour. In such cases it is 
logical to assume that there is no economic effect of pollution damage. 
Quantification of the proportion of cases that may fall into either category is 
not currently possible. However, it is clear from the English House Condition 
Survey that a substantial number of dwellings (the most common type of 
building) require significant amounts of remedial work. 

Another problem concerns valuation of damage to buildings of aesthetic or 
cultural merit such as ancient cathedrals. Consideration should be given to 
amenity and existence values for such buildings, as replacement costs do not 
adequately reflect the full cost of (for example) the loss of fine carvings that 
are several hundred years old. Costs associated with damages of this type are 
extremely site-specific, not only in terms of the merit of the item in question, 
but also in the way in which it can be treated. Unfortunately, therefore, no 
assessment has been made of damages to buildings in this sector. 

A further problem is that there is no available inventory to describe the 
stock at risk. Given that these buildings make up only a fraction of the total 
UK building stock there is some justification for the belief that associated 
damages will be small in comparison to those calculated for utilitarian build­
ings. However, it is worth noting that the National Audit Office in the UK 
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estimated that 21 % of 'listed' buildings (those of special merit, which are legally 
protected) were unoccupied or in a state of neglect in 1992. 

7.2. Scope of the analysis 

7.2.1. Impact pathways for materials damage 

Impact pathways have been used to describe the effects of emissions of acidic 
pollutants and precursors of photo-oxidants on stone, metals and paints. 
Impacts for most materials fall into three categories: 

• discoloration, 
• material loss, 
• structural failure. 

There are no valuation studies or material inventories from which estimates of 
the costs of discoloration could be estimated. However, such effects seem likely 
to be small. Structural failure resulting from pollutant exposure seems unlikely 
unless either the design of a building is fundamentally flawed, or the owner of 
a property has not carried out routine maintenance. In the latter case air 
pollution may increase damages (see above). 

7.2.2. Definition of the impact under assessment 

In this Chapter the main damage assessment, for effects of S02 and deposited 
acidity, is undertaken for 'utilitarian' buildings (houses, shops, factories, offices 
and schools), and galvanised structures in other sectors, including agriculture, 
transport (e.g. street furniture and railway gantries) and energy (e.g. electricity 
pylons) using a repair cost method, which is similar to the impact pathway 
approach used in previous chapters. Utilitarian structures of other materials 
are not considered because no suitable inventory exists. Historic buildings have 
not been assessed for the consequential damage from impacts as there is 
insufficient data concerning material inventory, repair and existence values. 

The materials for which damage caused by acidic deposition is considered 
are calcareous stone, mortar, paint, concrete, aluminium and galvanised steel. 
Although not exhaustive, this list includes the most sensitive of the materials 
commonly used by the construction industry. All steel is assumed to be painted 
and this stock is therefore transferred into the paint inventory. 

Effects of 0 3 on rubber and paint in the UK have been taken from a report 
by Lee et al. (1995). A detailed assessment of damages was not possible in this 
case. Possible effects of 0 3 on textiles are reviewed but not quantified. A 
mechanism for synergistic interaction between 0 3 and S02 for effects on metals 
is identified, but at this stage no quantification of impacts has been attempted. 

The costs associated with the soiling of buildings by particulates are also 
included, based on a review by Newby et al. (1991). 
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7.3. Assessment of damages caused by acidic deposition 

7.3.1. Dose-responsefunctions 

Dose-response functions, showing the rate of loss of material for the building 
materials considered to be at risk, were identified by literature review. A full 
description of the functions and the studies they were taken from is presented 
elsewhere (European Commission, 1995). In all cases, we have based results 
on an average of the best available functions. In general, we have concentrated 
on three studies: the UK National Materials Exposure Programme (NMEP) 
(Butlin et ai., 1992), Lipfert (1989), and the UN-ECE Integrated Collaborative 
Programme (Kucera, 1994). 

The UN-ECE study (Kucera, 1994) is particularly noteworthy because data 
is being collected at no fewer than 36 test sites throughout Europe (in the 
Czech Republic, Estonia, Finland, Germany, Italy, the Netherlands, Norway, 
Portugal, Sweden, Spain, Russia and the UK) and 3 sites in Canada and the 
USA. These sites clearly cover a broad geographical region, with substantial 
variation in climate and pollution exposure regime. The work is not yet com­
plete, and hence finalised relationships are not available. Comparison of the 
relationships derived after 2 and 4 years of exposure (the experiment is to last 
for 8 years in all) reveals variation in both magnitude of predicted effect and 
functional form with time. The study has produced functions for steel, weather­
ing steel, aluminium, copper, bronze, nickel and silver (electric contacts), lime­
stone, sandstone and paint coatings. The effects on glass and polymers are also 
under analysis although no functions have been derived as yet. The study 
provides functions for both sheltered and unsheltered material. 

The dose-response functions we have considered for each material type are 
presented below. The following key applies to all equations given in this section: 

ER = erosion rate (Ilm/year) 
P = precipitation rate (m/year) 
S02 = sulphur dioxide concentration (llg/m3) 
0 3 = ozone concentration (llg/m3) 
H+ = acidity (meq/m2/year) 
RH = average relative humidity, % 
fl = 1- exp[ -0.121· RH/(lOO - RH)] 
f2 = fraction of time relative humidity exceeds 85% 
f3 = fraction of time relative humidity exceeds 80% 
TOW = fraction of time relative humidity exceeds 80% and temperature 

exceeds ODC 
ML = mass loss (g/m2) per year 
MI = mass increase (g/m2) per year 
CD = spread of damage from cut, mm/year 
Cl- = chloride deposition rate in mg/m2/day 
D = dust concentration in mg/m2/day 
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To convert mass loss for stone and zinc (equations 3, 9, 10 and 11) into an 
erosion rate in terms of material thickness, we have assumed densities of 2.0 
and 7.14 tonnes/m3 respectively. For the Kucera functions, the original H+ 
concentration term (in mg/l) has been replaced by an acidity term using the 
conversion: 

p. H+ (mg/l) = 0.001· H+(acidity in meq/m2/year) 

We stress that all of the functions given below may characterise only the early 
stages of damage. To this extent they may underestimate later, more severe 
damage. For instance, in stone these later mechanisms are known as Stage II 
and Stage III damages. Stage II damage occurs as the soluble calcium carbonate 
is washed away and the large insoluble particles left behind drop out as their 
matrix is removed. Stage III occurs when a large crust is formed with eventual 
exfoliation (the point when large flakes of crust fall away). However, a recent 
report (Budin et aI., 1994) suggests that Stages II and III may be reached very 
quickly (within 4 years), though this seems to contradict earlier evidence. 

Stone 
For calcareous stone, mass loss in exposed material depends both on dry 
deposition of S02 and time of wetness, as well as on the load of acidity from 
rain. The functions from all three studies have been evaluated. Equation 1 
(Lipfert, 1989) is a theoretical universal damage function for stone loss, sup­
ported by a meta-analysis of data. Equation 2 is taken from Budin et al. (1992). 
Equations 3 to 6 are taken from Kucera (1994). Equations 3 and 5 are derived 
from unsheltered samples of limestone and sandstone, respectively, whilst equa­
tions 4 and 6 are taken from samples that are sheltered from the rain. The 
analysis of sheltered stone is complicated. Mass of samples initially increases 
through the formation of a crust of gypsum on the stone surface. This layer 
eventually flakes off, often removing some underlying material with it (Cooke 
and Gibbs, 1994). 

Unsheltered limestone 

ER = 18.8P + 0.052· S02 + 0.016· H+ 

ER = 2.56 + 5.1· P + 0.32· S02 + 0.083· H+ 

ML = 8.6 + 1.49· TO W· S02 + 0.097 . H + 

Sheltered limestone 

MI = 0.59 + 0.20· TOW· S02 

Unsheltered sandstone 

ML = 7.3 + 1.56· TOW· S02 + 0.12· H+ 

Sheltered sandstone 

MI = 0.71 + 0.22· TOW· S02 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 
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Mortar 
The primary mechanism of mortar erosion is through attack on the calcareous 
cement binder (UK BERG, 1990; Lipfert, 1987). Assuming that the inert silica 
aggregate is lost when the binder is attacked, the erosion rate is determined by 
the erosion of cement. There are no functions available derived from work on 
mortar, and hence it is necessary to approximate, using those derived for 
limestone and sandstone. 

Concrete 
It is believed that the reaction between acidic gases in the atmosphere and the 
alkaline constituents of the cement matrix in concrete is dominated by carbona­
tion by carbon dioxide. Because of excess CO2, no costs arise from incremental 
pollutant concentrations. As a result of this we have not assessed damage to 
concrete any further. More important mechanisms concern the damage to 
structural steel elements encased within concrete. The high alkalinity of the 
cement matrix protects the reinforced steel from corrosion. Carbonation is 
the main process leading to the loss of alkalinity which in tum can lead to the 
corrosion of steel. There is some evidence that when the concrete layer is too 
thin or badly prepared, atmospheric pollutants may have a role in accelerating 
damage. Thus, the role of acidic pollutants cannot be negated although there 
are no appropriate quantification methods available at present. 

Paint 
The only pollution related mechanism for which dose-response functions have 
been derived is surface erosion (NAPAP, 1990). The most extensive review is 
from the USA (Haynie, 1986). This identifies a 10-fold difference in acid 
resistance between carbonate and silicate based paints. In the USA, silicate 
based paints predominate in the house paint market (NAPAP, 1990). However, 
discussions with a leading European manufacturer confirm that the overwhelm­
ing majority of house paints contain calcium carbonate and that this component 
is particularly important in the cheaper grades of paints (ICI, 1992). The dose­
response function for carbonate based paints (equation 7, Haynie, 1986) is 
therefore appropriate for UK house paints, in which tc = the critical thickness 
loss, which is about 20 /lm for a typical application: 

!!.ER/tc = 0.01 (P)(8.7)(lO-PH _10- 5.2) + 0.006(S02)(fd (7) 

In areas where silicate paints predominate, as seems to be the case in mainland 
Europe, Haynie's function for silicate paints is more appropriate (equation 8). 

!!.ER/tc = 0.01 (P)(1.35)(10- pH _10- 5.2) + 0.00097(S02)(fd (8) 

The Haynie function is derived for laboratory prepared samples on inert 
substrates. Therefore, it does not take into account corrosion of the substrate 
and substrate/paint interactions that together provide an alternative mechanism 
for paint decay. It has been observed that damage to paint predominantly 
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occurs as a result of blistering, cracking, etc., where the presence of flaws or 
scratches allows the pollutants to attack the substrate. The extent to which 
pollution is implicated in these processes is not known, though there is good 
reason to suspect some association. 

In the UN-ECE study, the only equation for painted surfaces obtained so 
far is for the spread of defects on scratched steel panels. It is difficult to see 
how this function could be implemented within the present study. 

Zinc 
The mechanism for corrosion of galvanised steel proceeds by a series of para­
bolic reactions where an oxide film is built up on the surface and subsequently 
destroyed. When placed in series these parabolic reactions equate to a linear 
function. Acidic pollutants are responsible for breaking down this film. We 
have again studied the same three sources for zinc functions. Lipfert (1987) 
proposes a complex function, with kinetics intermediate between linear and 
parabolic. There is a strong dependence on time of wetness and an additional 
term is included to represent the removal of a protective film by wet deposition. 
The function has a complex time function, which complicates its use within 
our study. 

An alternative function has been derived from the UN-ECE study. This 
function is dependent on the parameters for ozone and the time of wetness; 
both of which are not well characterised across Europe. Moreover, the synergis­
tic action of ozone with dry deposition of S02 is controversial. The sheltered 
function is shown in equation 11. 

Unsheltered samples 

M L= [to.78 + 0.4610~(H+)] • [4.24 + 0.55· f2· S02 

+0.029·Cl- +0.029·H+] (9) 

ML = 14.5 + 0.043· TOW· S02· 0 3 + 0.08· H+ (10) 

Sheltered samples 

ML = 5.5 + 0.013 • TOW· S02 ( 11) 

Aluminium 
Aluminium is the most corrosion resistant of the common building materials. 
The major pollution related damage mechanism of concern is pitting due to 
S02 (Upfert, 1987). However, no dose-response functions have been derived 
for this process. Surface corrosion is less of a problem. A thin surface oxide 
film is formed, which is highly corrosion resistant down to a pH of 2.5. A few 
dose-response functions been derived and there is general agreement that the 
kinetics are approximately linear. However, we have elsewhere concluded that 
effects of acidic deposition on aluminium are unlikely to cause significant 
damage (European Commission, 1995). 
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7.3.2. Compilation of reference environment data 

The bulk of the data describing the stock at risk was derived from ECOTEC 
(1986), which provides results of an intensive survey of building types in 
Birmingham, the second largest city on the UK. An improved inventory was 
obtained towards the end ofthis study. Unfortunately this could not be included 
in this project, though it will be used for future work. Due to limited statistical 
data being available for the UK as a whole, the 21 common building types 
identified by ECOTEC were reduced down to 5, and a building materials 
'identikit' was prepared for: 

• dwellings, 
• schools, 
• shops, 
• offices, 
• industrial buildings. 

The distribution of these different building types within each 100 x 100 km grid 
cell of the UK was taken from the following sources: 

dwellings: 
schools: 

shops, offices 
and industry: 

Central Statistical Office (1991a; 1991b); 
Central Statistical Office (1991b) divided between grid cells in 
proportion to the popUlation in each (OPCS, 1991); 
Central Statistical Office (1991c), Welsh Office (1990). Data for 
Wales was extrapolated to Scotland based on population data. 

The UK materials inventory for each 100 x 100 km grid cell of the British 
National Grid was calculated by multiplying the number of each type of 
building in a grid square by the average area of each material type per building 
(given by the building identikits). A separate inventory was used for galvanised 
steel. The inventory was extended to cover the wider use of galvanised steel in 
general infrastructure. Values were derived from industrial zinc usage in the 
UK galvanising industry and factored to give a 'stock at risk'. This stock was 
proportioned to National Grid squares according to population. Both 'dipped' 
products and continuous process products (such as sheet and strip) were 
included. Sectors included: 

Dipped material: 

• building and construction, 
• street furniture, 
• power sector (electricity pylons), 
• transport infrastructure, 
• agriculture. 

Continuous process (sheet and strip): 

• building and construction. 
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For each sector, the proportion of material likely to be exposed to the elements 
was estimated. Other industrial sectors were analysed but are considered not 
to be at significant risk from atmospheric pollution. For instance, galvanised 
sheet and strip on automobiles will be corroded by road salts far more than 
by atmospheric pollution. Air pollution will clearly have some impact, but it 
is likely to be very small in comparison. Incremental costs seem likely to be 
made negligible by the effect of obligatory annual vehicle inspections in most 
countries on repair cycles. 

The proportion of the galvanised stock which is painted was then estimated. 
The upper and lower limits on exposed material give the range of our analysis. 

For the best estimate of stock at risk, the painted stock has been transferred 
to a separate paint inventory, which is analysed for paint damage and repair. 
This is very important in some industrial sectors, for example, construction, 
where the majority of dipped products will be painted to fit the local architec­
tural colour scheme. 

Each sector has also been assigned a specific galvanised film thickness. For 
example power transmission pylons have very thick coatings (200 11m) whilst 
sheet and strip have very thin ones (25 11m). In all sectors, there is a coating 
limit of around 300 microns. Above this level, there is a tendency for the 
material to become brittle. It should be noted that more resistant coatings are 
appearing in the market and that this will affect future damage calculations. 

In addition, the following sources of data were used: 

• precipitation averages; UK Meteorological Office (1977); 
• average relative humidity; UK Meteorological Office (1970); 
• estimated % of time that relative humidity exceeds 80%, 85%, 90%; UK 

Meteorological Office (1975); 
• UK ozone levels; background levels assumed to be 40 Ilg/m3; 
• precipitation outside the UK; 0.6 m/year chosen as a representative value 

(within a factor of 2 of all major centres of population in Europe); 
• average background humidity and ozone levels from the UK were applied 

to the rest of Europe. 

7.3.3. Atmospheric modelling 

The maps of pollution concentration described in Chapter 1 were not used to 
estimate damage to materials. Instead, concentrations of S02 and deposition 
of acidity were modelled using the Harwell Trajectory Model (European 
Commission, 1995). The principal reason for this was to demonstrate the use 
of alternative methods for describing air pollution. The Harwell Trajectory 
Model is a receptor oriented Lagrangian type box model, incorporating a wind 
rose weighted dispersion, atmospheric chemistry of sulphur and nitrogen and 
both dry and wet deposition. The model output is given at a 20 x 20 km 
resolution; we have averaged to 100 x 100 km grids based on the British 
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National Grid to fit our material inventory. Only values for cells containing 
land mass have been used in this process. 

7.3.4. Calculation of repair frequency 

Replacement of material was judged necessary when the following amount of 
surface erosion had occurred: 

Stone and mortar 
Paint (Haynie, 1986) 
Galvanised steel (Short, 1994) 

Dipped - Building and construction 
Street furniture 
Power sector (electricity pylons) 
Transport infrastructure 
Agriculture 
Sheet and strip - Building and construction 

5mm 
20 Jlm 

100 Jlm 
100 JlID 
200 Jlm 
100 Jlm 
200 Jlm 
25 Jlm 

These figures were specified (European Commission, 1995) based partly on 
published information and partly on expert judgement. Further work is required 
to reduce the uncertainty associated with the analysis. 

Some commentators have said that figures of the order of the 5 mm erosion 
used for mortar and stone are too low. However, it must be remembered that 
damage is typically not uniform across a surface, and that the timing of 
maintenance is likely to be determined by the condition of the worst affected 
areas. In view of this an average loss of 5 mm depth of mortar certainly seems 
to be justified. In the case of stone the argument seems to be irrelevant, as 
quantified damages seem insignificant (see below, though remembering that 
damage to structures of aesthetic merit has been excluded from this analysis). 

For bare galvanised steel, when the repair action is painting rather than 
replacement (see below), we have assumed repair would take place before total 
removal of the film. As an approximation, we have taken the value of 50% 
zinc film erosion (i.e. half the above values), for the initiation of repair action. 

7.3.5. Estimation of repair costs 

Estimated repair costs (Table 7.1) are taken from unit cost factors for each of 
the materials for which assessment was performed. These figures are based on 
data from ECOTEC (1986) and Lipfert (1987). 

We have applied identical repair costs for all repainting, whether on wood, 
steel or galvanised steel. This is likely to underestimate impacts. For exposed 
(bare) galvanised steel, the first round of maintenance is likely to comprise of 
painting. The upper limit for damages has been calculated assuming 50% 
replacement of material and 50% painting, as it is unlikely complete replace­
ment would occur. 
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Table 7.1. Unit cost factors for materials assessed for pollution damage (ECU 1990) 

Activity 

Repainting 
Repointing (brick) 
Replacing zinc/galvanised 
Refacing stone 

Cost, ECU/m2 

11.3 
22.8 
45.1 

248 

7.3.6. Implementation of methodology and sensitivity analysis 

The dose-response functions were used to estimate the change in repair fre­
quency caused by anthropogenic emissions of the acidifying gases. In all cases, 
we have assumed complete exposure of material. The functions described for 
sheltered material have thus not been used. 

Upper and lower estimates for damage to stone were calculated from the 
three dose-response functions (equations 1, 2 and 3). The best estimate is the 
mean calculated from the use of the three functions. The upper limit of the 
range also uses German data for assessment of the stock at risk. This roughly 
doubles the quantity of stone predicted by the ECOTEC (1986) inventory, 
which was produced from a survey of the City of Birmingham, where an 
unrepresentatively small number of buildings are made of stone. 

The best estimate for mortar is taken as the mean of results from three 
dose-response functions (equations 1, 2 and 5). The upper and lower limits 
show the extremes calculated using the three functions. 

For paint, the best estimate was calculated using the function for carbonate 
paint (equation 7). The silicate function (equation 8) was also used to calculate 
the lower estimate. The upper limit is a nominal factor of 2 from the best 
estimate. 

Galvanised steel that is painted before or during construction is treated in 
the same way as other painted surfaces. All estimates for unpainted galvanised 
steel use an average of the Kucera and Lipfert functions. The best estimate 
assumes painting after a 50% erosion of the coating film. The lower and upper 
estimates are based on the possible proportion of stock exposed (i.e. not 
painted). Repair costs are calculated in a similar way to the best estimate, 
though the upper estimate allows for 50% replacement of exposed galvanised 
steel once the entire galvanised layer has corroded. 

7.4. Estimation of soiling costs 

The estimates obtained are presented in Table 7.2, showing damage to all 
materials assessed, and Table 7.3 which provides a more detailed breakdown 
for galvanised steel. It should be noted that a very high proportion of total 
damages are associated with impacts on galvanised steel. This suggests that 
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Table 7.2. Annual effects of acidic deposition and S02 on various building materials 

Annual Costs (1990 MECU) 

Material/action Best estimate Low High 

Stone refacing 3.0 0.9 10.0 
Brick repointing 64 17 109 
Paint 502 79 1,004 
Galvanised (painted) 326 51 652 
Galvanised (unpainted) 617 404 1,191 

Total 1,512 552 2,966 

Table 7.3. Estimated cost for galvanised steel damages in different sectors in the UK 

Annual costs (1990 MECU) 

Damage category Best estimate Range low Range high 

Building construction ('dipped') 29 12 90 
Street furniture 45 26 92 
Power sector 12 12 17 
Agricultural sector 21 14 42 
Transport sector 2 1.4 3.9 
Construction (sheet and strip) 508 339 946 

Total 617 404 1,191 

further investigation of materials damages should focus on damages to galva­
nised steel. 

Soiling of buildings results primarily from the deposition of particulates on 
external surfaces. Three major categories of potential damage cost may be 
identified; damage to the building fabric, cleaning costs, and amenity costs. In 
addition there could be effects on building asset values, as a capitalised value 
of these damages. 

Damage to building fabric through synergistic effects of particulates and 
other pollutants is a possibility. Indeed one dose-response function for steel 
identified includes such a factor. However, the effect is rather weak and is 
negligible in comparison to the effects of acid pollution. Cleaning costs and 
amenity costs need to be considered together. Data on the former is, of course, 
easier to identify. In an ideal market, the marginal cleaning costs should be 
equal to the marginal amenity benefits to the building owner or occupier. 
However, markets are not perfect and amenity benefits to the public as a whole 
lie outside this equation. It is therefore clear that cleaning costs will be lower 
than total damage costs resulting from the soiling of buildings. In the absence 
of willingness to pay data, cleaning cost are used here as an indicator of 
minimum damage costs. 
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The total UK building cleaning market is estimated to be £80 million 
(112 MEeU at 1990 prices) annually (Newby et al., 1991). Most of this is in 
urban areas and it is assumed that it is entirely due to anthropogenic emissions. 
It has been suggested that amenity costs are equal to cleaning costs at the time 
of cleaning (A. Rabl, personal communication). This would raise damages to 
£160 million (224 MEeU) annually. No data on the costs associated with 
cleaning windows, vehicles, etc. are available for the UK. 

7.5. Assessment of damages caused by ozone 

There is very little work available to allow assessment of the effects of 0 3 on 
materials. A recent review (Lee et al., 1995) makes tentative estimates of the 
potential costs of annual 0 3 damage in the UK. The first estimate, for total 
damage to rubber goods (including the costs of anti-ozonant protection) and 
surface coatings was a range of £170 million-£345 million (221-450 MEeU). 
This range was derived from extrapolation of studies performed in the USA in 
the late 1960s (there have been no more since then). As such the authors 
recognise the result to be very crude indeed. 

Independently of this Lee et al. estimated the costs of protecting rubber 
goods to be between £25 million and £190 million to the consumer 
(33-247 MEeU). The lower end of the range is a more robust figure represent­
ing the amount spent on anti-ozonant chemicals by the UK rubber industry 
each year. The upper end of the range includes additional costs that feed 
through to the consumer, such as those associated with a more complex 
compounding process, and was calculated using very generalised factors. 
Accordingly the upper end of the range has a high uncertainty attached to it, 
compared to the level of confidence associated with the lower end of the range. 
0 3 damage to tyres was estimated to be in the range £0 to £4 million 
(0-5.2 MEeU). 

For paint a range of £0 to £60 million (0 to 78 MEeU) was derived for a 
10 ppb reduction in 0 3 levels using a damage function approach, though only 
very low confidence can be associated with the dose-response functions avail­
able. No account was taken of potential damage to textiles, or the increased 
costs of manufacturing textiles so that they are not affected by 0 3 , At this 
stage no account has been taken of the effects of ozone on zinc expressed in 
equation 10, because the ozone map was not available at the time when 
materials damages were calculated. This can, however, easily be done in 
future work. 

Lee et al. essentially underlined the need for further experimental work on 
0 3 damage to materials. Most of the numbers that they produced are highly 
uncertain, though they do indicate that UK damages from 0 3 could be in 
excess of 100 MEeU per year, which is clearly a significant amount. This result 
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was checked against UK sales of rubber goods and paint and does not seem 
excessive in comparison. 

One of the problems with assessment of ozone damage to receptors that are 
concentrated in urban areas in the context of the present study, is the fact that 
vehicle emissions of nitrogen monoxide act as a sink for ozone. This can reduce 
urban levels below the natural background in some areas, with the net effect 
that current damages are lower than those that would occur in a (albeit 
hypothetical) 'pristine' environment. The effect of reducing emissions of NOx , 

an agreed policy goal throughout Europe and elsewhere, may therefore lead 
to some increases in 0 3 , The extent to which the damages identified for ozone 
can thus be attributed to human activity for the purposes of the present study 
is thus debatable. Further work, using modelled 0 3 data for different scenarios 
is therefore necessary to better inform the policy debate. 

7.6. Conclusions 

The analysis presented here demonstrates that air pollution may cause signifi­
cant damage to materials in the UK. The most serious damage from S02 and 
acidic deposition appears to affect paint and galvanised steel. Perhaps surpris­
ingly, effects on stone seem to be very small, though we were unable to 
characterise damage to buildings of cultural merit, in which stone is one of the 
most important elements. The annual costs of cleaning stonework have been 
derived directly from industry data. Some commentators suggest that the figures 
should be adjusted upwards in order to incorporate impacts on amenity. 
Estimates have been made of damage costs associated with ozone effects on 
materials, though the methods used were, in the light of a paucity of data, 
necessarily crude. No account was taken of synergism between effects of S02 
and 0 3 , which is suggested by some of the latest dose-response functions 
for metals. 

A number of uncertainties remain. The following are identified as research 
priorities: 

• improvement of inventories, in particular; disaggregation of the inventory 
for paint to describe the type of paint in use; disaggregation of the 
inventory for galvanised steel to reflect different uses; 

• further development of dose-response functions, particularly for paints, 
mortar and cement; 

• assessment of exposure dynamics of surfaces of differing aspect, and identi­
fication of the extent to which different materials can be considered to be 
sheltered; 

• better definition of service lifetimes for stone, concrete and galvanised steel; 
• integration of better data on repair techniques and costs, particularly for 

galvanised steel; 
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• improvement of awareness of human behaviour with respect to buildings 
maintenance; 

• development of dose-response functions and models of atmospheric trans-
port and chemistry for assessment of 0 3 effects. 

Although this list of uncertainties is extensive, it would be wrong to conclude 
that our knowledge of air pollution effects on materials is poor. Indeed, we feel 
that the converse is true; it is because we know a lot about damage to materials 
such that we can specify the uncertainties in detail. The factors affecting 
galvanised steel and paint are of most concern since they constitute a high 
proportion of total materials damage. Potentially important areas to be consid­
ered include: damages to historic buildings and monuments with 'non-utilitar­
ian' benefits, damage to paint work through mechanisms other than surface 
erosion, damage to reinforcing steel in concrete and synergistic effects of 
different pollutants. Nevertheless, we believe that this analysis has made an 
important start in quantifying materials damages. 
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