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1 Introduction 

This project scope sets out the methodology and approach for the ‘Service Contract for 
Carrying Out Cost-Benefit Analysis of Air Quality Related Issues, In Particular in the 
Clean Air for Europe (CAFE) Programme’.   
 
This service contract is required to establish the analytical capability and conduct the 
analysis of the ten main scenarios within CAFE.  Specifically, the objective of the work is 
to complete an analysis of the impacts, as well as the benefits, of different policy options 
for improving air quality in the enlarged EU mainly as part of the CAFE programme.  The 
impacts of air quality policy will be demonstrated, with both quantitative and qualitative 
through a multi-criteria analysis. 
 

2 The Project Team 

The project team assembled for this study includes a multi-disciplinary team of 
researchers from institutes across Europe.  The teams included are presented in the 
Table below.  
 
Organisation Role 
Project 
manager 

Paul Watkiss,  
AEA Technology Environment 

Co-ordinator 

AEAT AEA Technology Environment 
Lead. Paul Watkiss  

Co-ordination.   
Technical input 
Model generation 
Web-site 

EMRC EMRC. 
Lead Mike Holland 

Technical Coordinator, 
MCA, modelling 

E-CO E-CO Tech.   
Lead: Stale Navrud. 

Environmental 
valuation  

IER  Institut fuer Energiewirtschaft und Rationelle 
Energieanwendung, University of Stuttgart. 
Lead: Professor Rainer Friedrich. 

Modelling, material 
damages.   

ME Metroeconomica.   
Lead. Professor Anil Markandya. 
 

Environmental 
valuation, Macro-
economic effects 

IOM Institute of Occupational Medicine.   
Lead: Fintan Hurley. 

Health impacts 

WB Witteveen en Bos, Netherlands.  
Lead: Elisabeth Ruijgrok. 

Ecosystem valuation. 

 
The consortium represents an extremely strong team of natural scientists, economists, 
engineers, health experts, and social policy experts from a number of countries.  
 
It is essential for the above team to interact with other European experts, in order to that 
the project team work effectively within the CAFE programme, and take full advantage of 
past and present research activities.  The project specifically includes interactions with 
IIASA, the UNECE groups acting under the Convention on Long Range Transboundary Air 
Pollution (CLRTAP), WHO, NEBEI and the EVRI programme, and many others. Such 
interactions are planned throughout the entire study period. 
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3 Methodology and Task Descriptions 

Background 

This service contract is required to establish the analytical capability and conduct the 
analysis of the ten main scenarios within CAFE, through the creation of an appropriate 
framework and model. The modelling framework will be established for the following 
pollutants: 
• Primary particles; 
• Secondary particles; 
• SO2 and its reaction products (sulphate aerosols, acidity); 
• NOx and its reaction products (nitrate aerosols, ozone, acidity, deposited N); 
• NH3 and its reaction products (ammonium aerosols, acidity, deposited N); 
• Ozone. 
 
From past experience under the ExternE and other projects, the team has the potential 
to quantify the impacts of particles expressed as either PM10 or PM2.5.  The assessment 
here will be based around whatever fraction or fractions are considered within RAINS. 
 
The study is required to quantify critical health effects and environmental effects on 
natural ecosystems, crops, waters, materials and cultural heritage addressing the years 
2010,2015 and 2020 in response to changes in the transport, energy production and 
combustion, industrial and agriculture sectors. 
 
To the extent possible, ancillary benefits and disbenefits will also be accounted for.  This 
will be based on interaction with IIASA so far as greenhouse gas emissions are 
concerned.   
 
The framework adopted for previous benefits work, and the one the study team 
recommends for the core of this project, is based on the impact pathway approach (see 
box 1 below).  Specific details of the methods (stock at risk, functions, values, etc.) will 
be updated from previous work undertaken in the ExternE Projects and in association 
with development of legislation on national emission ceilings, ozone, etc.  This review will 
draw on the knowledge of experts both within and outside the project team, for example, 
through ongoing projects for EC DG Research and the UNECE Working Groups. 
 
In certain key areas the analytical framework will be extended to address issues that, in 
the past, were not covered well, or in some cases, at all. These include: 

• Macro-economic impacts of air quality policy 
• Quantification at different scales (i.e. continental, national and urban scales) 
• Integration of effects for which quantification of impacts or monetary value (or 

both) is not well developed. 
 
Resolving these issues requires the use of additional models and methods, such as multi-
criteria analysis (MCA).  It is essential that these models and methods are developed or 
used in such a way that they are compatible with both the impact pathway framework 
and the separate costs assessment being undertaken using the RAINS model at IIASA.  
They also need to be effectively disseminated in order that stakeholders accept the 
outputs so generated. 
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Box 1.  The Impact Pathway Approach 
 

The ExternE Project commenced in 1991 as a jointly funded project between the Research 
Directorate of the EC and the US Department of Energy, with the aim of developing a consistent 
approach to evaluating external costs.  The collaboration produced a workable methodology for 
detailed quantification of the environmental costs of power generation. The principal innovation of 
the joint study was the impact pathway approach. 
 

EMISSIONS

 tonnes/year of SO2

DISPERSION

Increase in ambient concentrations 
e.g. ppb SO2 for all affected regions

IMPACT
Using exposure-response curves, 
e.g.  change in crop yield per ppb

COST

IMPACT

CONCENTRATION

Damage costs, WTP estimates  
 

Figure 1.  The impact pathway approach that forms the basis of the ExternE methodology, here 
shown applied to assessment of crop damages from SO2 exposure. 

 
The method has a two-stage approach.  It first estimates the impacts caused by a change in 
emissions. It then quantifies the damage in a monetary value.  A major advantage is that the 
analysis looks at actual impacts, rather than potential burdens.  It can thus take account of space 
and time dependent effects. 
 
Implementation of the impact pathway approach involves: 

 identifying the various causal chains (impact pathways) linking burdens and emissions with 
adverse effects on human health, amenity and the environment (in its widest sense, to include 
ecology, materials, etc); 

 quantifying various steps in each causal chain (e.g. through modelling of incremental pollution; 
identifying relevant and reliable exposure-response relationships linking pollution to health); 

 linking together the components, and the population-at-risk, to estimate impacts; 
 aggregating suitably across pathways, taking care to avoid double-counting; 
 costing the impacts; 
 addressing uncertainty. 

 
While the approach is described above in terms of adverse effects and costs, clearly there is a 
corresponding implementation framework for benefits. 
 
The following sections describe our approach to the tasks as set out in the original study 
specification. 
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Task.1  Development of a conceptual framework for the 
quantification of the impacts of the baseline scenarios as 
well as the alternative scenarios 

Objective of the task 
To define the framework for undertaking the assessment of benefits (in its widest sense, 
including those aspects that can be evaluated using economic approaches and those that 
cannot).  This framework must account for the highest standard of scientific rigour 
possible, and be transparent to stakeholders. 
 
Timing: 
Start: Month 1 
End: Month 4 
Deliverables: Draft report month 2, final report month 4 
 
Deliverables 
The first deliverable from this task will be a discussion paper for consideration by the 
Commission and others considered appropriate.  This will be delivered within 2 months of 
starting the project.  Following discussion and comment a final version of the paper will 
be produced.  This will form the basis of the development of methods for the study as a 
whole. Together with the detailed work plan, this will form the inception report. 
 
Task Description 
The conceptual framework proposed by the study team will be based on implementation 
of the following techniques, both on their own and in combination: 

• The impact pathway approach developed through the ExternE Project, 
supplemented by; 

• Multi-criteria analysis 
• Quantification of the wider economic (and social) impacts of policies 
• Uncertainty analysis. 

 
The task is comprised of a number of separate sub-tasks, set out below. 
 
a) Developing a comprehensive overview of the environmental and social 
impacts of pollutant abatement measures 
In order to permit the analysis to take a comprehensive overview of the environmental 
impacts of abatement measures, it is first necessary to draw up a list of all possible types 
of measure that may be considered.  It will also assess the potential environmental and 
social burdens (e.g. chemical emissions, noise, congestion) from these activities. 
 
Following from this, impacts will be identified for all of the burdens.  For example, for 
particles the list would include a large number of health impacts, soiling of buildings, and 
possibly other effects.  The purpose of this part of the sub-task is to gain an objective 
view of what can be quantified from past experience and to consider what would be 
quantified in an ideal situation.  This will form an important input to the definition of what 
might be included in the multi-criteria assessment.  Following from this, consideration 
will be given to areas that have been less researched than others, and may generate 
impacts that are as yet unknown or not usually quantified.  For example, this might 
include long-term effects of ozone exposure on health or of particles on the development 
of chronic cardiovascular disease. 
 
In this way the framework will build up in a logical and stepwise fashion an appreciation 
of both the direct and indirect benefits of measures designed to improve air quality. Such 
a framework would be flexible enough to allow additional benefits to be added in 
response to development in understanding. 
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b)Identifying data needs and their probable sources 
The next sub-task will set out the information required to deliver the project objectives, 
including the data needed, and the likely source of this information.  A preliminary view 
on this for the direct benefits of measures on air quality is set out in Table 1 below, and 
will be subject to confirmation during this sub-task.  It will be particularly useful for 
highlighting the connections that need to be made in the project with other 
organisations, an essential part of the first few months of work. 
 
Table 1  Project data needs and principal sources 
 

Stage Data needed Core sources 
Background analysis   
Definition of scenarios Scenario objectives DG Environment 

CAFE steering group 
Quantification of 
emissions 

Emissions of SO2, NOx, 
VOCs, NH3, PM10, PM2.5 
for each scenario 

IIASA/RAINS model 

 
Service contract Data needed Core sources 
Concentration data Concentrations of air 

pollutants (50x50km2), 
or, if appropriate, local 
scale. 

IIASA/RAINS model, 
Leuven/TREMOVE model, 
City based models 

Stock at risk 
• 50x50 km2 scale 

 
 
Stock at risk 

• City scale 

 
Population  
Building materials 
Cultural heritage 
Crops 
Ecosystems 
Population  
Building materials 

 
IIASA/RAINS 
Study team (+UNECE) 
Study team (+UNECE) 
UNECE/EMRC 
IIASA/RAINS 
City-specific sources 
Scaled from national data 

Impacts – exposure-
response functions 
 

Health 
Materials 
Cultural heritage 
Crops 
Ecosystems 
Other 

WHO, study team, other 
quantification projects 
UNECE ICP 
UNECE ICP 
UNECE ICP 
IIASA/RAINS 
As needed (e.g., NAPAP 
for visibility impacts) 

Valuation Health 
Materials 
Cultural heritage 
Crops 
Ecosystems 
Other 

Study team, NEBEI 
Study team 
Study team, NEBEI? 
FAO, Eurostat 
Study team, NEBEI 
As needed (e.g., NAPAP 
for visibility impacts) 

 
c) Defining approaches for quantifications specific to each impact 
This part of the analysis will identify those burdens that can be quantified through to 
impact, and then through to monetisation.  All impacts will be considered suitable for 
assessment under multi-criteria analysis, given a need to make comparisons between 
those issues that can be monetised and those that cannot.  A preliminary view will be 
taken on the impacts that are likely to make most difference to the balance of costs and 
benefits, in order to reduce the number that need to be considered by MCA.  This 
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screening process is needed to manage the complexity of MCA at a level that will provide 
a basis for reaching valid conclusions.  The inclusion of too large a number of impacts 
would dilute the power of the MCA to differentiate between what is important and what is 
not. 
 

 
 

d) Defining the approach for integration of the impact pathway approach 
with social and macro-economic assessment and MCA 
This sub-task will outline how the different elements of the analysis may be brought 
together, i.e. how the MCA will be used to provide a unified comparison between those 
benefits that can be quantified, and those than cannot.  
 
e) Defining approaches for calculating benefits at different spatial scales 
Quantification of benefits at different scales is not difficult, simply requiring population 
and other stock at risk data at the same geographical resolution as concentration data.  
This sub-task will consider the potential approaches for the analysis of a few urban areas 
up to all urban areas of the EU, nested within a quantification of the benefits of 
abatement measures across the whole of the modelled domain.   
 
f) Characterising uncertainty 
This sub-task will identify possible approaches to quantifying uncertainty in the analysis, 
and methods for presenting it in way that is transparent with respect to consequences for 
the balance of costs and benefits. 
 
 

Task 2 Development of multi-criteria analysis (MCA) 

Objective of the task 
The primary aim of this task is to enable the Commission to gauge the importance of all 
impacts, whether they can be monetised or not.  Compared with past analyses that dealt 
only with the quantification of monetary benefits, the use of MCA has the potential to 
provide an extremely important new element.   
  
The approach here may require adaptation in the light of new data, or in response to 
stakeholder concerns during the development of the methods.   
 
Task timing 
Start: Month 3 
End: Month 14 
Deliverables: Information packs on impacts and methods and report on results. 
 
Task Description 
Overview: A schematic of how this task would be carried out is shown in Figure 2.  
Further details on each of the steps in the process are given below.  A major challenge 
for this task arises because of the potential for wide variation in opinion across a large 
number of different stakeholders, and the need to provide a coherent summary of their 
opinions. 
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1.  Define aims, objectives, methods

2.  Identify stakeholders and define roles

3.  Develop information pack and questionnaire

4.  Test approach on selected stakeholders

5.  Revise methods, etc.

6.  Main consultation

7.  Analyse results and report them
 

Figure 2.  Schematic of the proposed multi-criteria analysis 

 
The success of this task is dependent on the development of an effective partnership 
between the study consortium and the numerous stakeholders who will wish to have 
their opinions heard and recorded.  Development of this partnership will be built on: 

• Clarity and simplicity in the definition of methods, and application of results; 
• Provision of sufficient data to provide a good level of background awareness that 

is widely shared amongst the different stakeholders; 
• Provision of opportunity for full and frank debate on the MCA. 

 
Step 1 Define aims, objectives and methods 
The aim of the MCA is quite straightforward – to enable the benefits analysis to take a 
more comprehensive account of the health, environment and social changes associated 
with air quality legislation than would be possible relying solely on CBA.  This is done by 
asking stakeholders to weight different impacts according to the strength of their 
concerns.   
 
The proposed scope of the MCA is that it should cover all of the major impacts associated 
with abatement measures, not just those that cannot be quantified in monetary terms.  
This will permit comparisons to be drawn between monetised and non-monetised effects, 
and checking of consistency in response amongst the group of impacts that can be 
monetised.  The scope is restricted to ‘major impacts’ in order to reduce the problem to a 
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manageable scale.  Experience shows that MCAs that go into too much detail are unlikely 
to provide consistent results.  However, key areas that have previously eluded 
quantification such as damage to ecosystems and cultural heritage would certainly be 
included. 
 
Stakeholders should not be asked to consider impacts in absolute terms (e.g. total air 
pollution effects on mortality vs. total air pollution effects on exceedence of the critical 
load for acidification), but in terms of potential improvements.  These will be described 
through analysis of two extreme scenarios, for example, business as usual for a baseline 
year (either 2000 or 2010) and a maximum feasible reduction (MFR) scenario for 2020. 
Markus Amann of IIASA has been contacted and confirmed that these scenarios would be 
assessed on a time scale suitable for the CBA work.  The focus is thus very much on what 
might be achieved, rather than what people would like to see in an ideal world. 
 
Clarity will be needed at this initial stage with respect to the application of the results.  
As discussed above, they could be used in three different ways: 

• To prioritise emission scenarios having converted all impacts into monetary 
equivalents.  This would only work, of course, if there were some level of 
consistency between the benefits assessment and MCA responses. 

• Prioritise emission scenarios without going to monetisation.  This would permit 
conclusions to be drawn on the relative cost-effectiveness of different scenarios, 
but not on whether costs exceeded benefits or vice-versa. 

• Do both, and investigate the similarities and differences in the conclusions drawn. 
 
Step 2 Identification of Stakeholders for involvement in the MCA process, and 
definition of roles  
It is proposed that there are three distinct groups of stakeholders.  The first includes 
those who feel able to take a broad overview of the relative importance of different types 
of impact, and would go through the whole MCA process to provide weights for the 
different impacts considered: 

• Governments of Member States and Accession Countries 
• Governments of other countries 
• Industry 
• Non-governmental organisations 
• And possibly others. 

 
The second group is made up of the scientists engaged in the EC and UNECE air quality 
legislation processes, including WHO.  The distinction is made as experience in earlier 
work on characterising uncertainty in the cost-benefit analysis of the NECD and 
associated legislation demonstrated that scientific experts felt able to comment on their 
own disciplines, but not areas outside of their direct professional experience.  Thus, 
health experts were not happy to comment on ecological issues and ecologists did not 
wish to comment on health issues (for understandable reasons).  This group would be 
requested to consider the background materials prepared for the MCA.  They would also 
be free to comment on the results of the analysis. 
 
A third group could comprise those facilitating the development of legislation, the 
European Commission and possibly also the UNECE Secretariat.  These stakeholders 
would be used solely to test the methods prior to wider consultation and review the 
results. 
 
It is important to ensure that the delegates for each of these groups really are 
representative of those for whom they speak.  It would clearly be wrong, for example, for 
‘industry’ to be represented solely by one sector.  The Commission will be asked for a list 
of those that it considers relevant, and information will also be posted on the CAFE and 
project websites inviting the views of other groups.   
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The decision on how disaggregated the different groups wish to report their views should 
lie with the groups themselves.  We return to this issue later on, specifically in terms of 
how to deal with responses from a set of responses highly disaggregated within each of 
the groups listed above. 
 
Step 3 Preparation of information pack and questionnaire. 
The information pack will provide stakeholders with information on the aims and 
objectives of the MCA process, the methods used and background materials on impacts.  
It will also contain a questionnaire designed to provide the project team with structured 
and reliable feedback.  Experienced environmental economists working on the team will 
play a key role in the development of the questionnaire.  Information to be disseminated 
in the information packs will be checked with senior European experts in relevant fields. 
 
The objective of the questionnaire will be to derive the following: 

1. A list of impacts ranked in terms of the perceived importance of potential 
improvements.  The necessary weighting process is seen here as a separate 
step, with the two separated in order to make completion of the questionnaire 
easier for consultees. 

2. Weightings for each impact relative to others in the list considered. 
3. Views on any impacts that are not considered for inclusion in the MCA. 

 
The information pack will also give concise data on each type of impact for consideration 
in the MCA.  This will address the current state of the environment relative to each 
impact and possible improvements through air quality policy.  It will also seek to provide 
guidance on impacts, for example, addressing what the effects of critical loads 
exceedence are likely to be. (For example, are all types of ecosystem similarly affected, 
or are some affected more than others?  If the latter, are the worst affected ecosystems 
of special merit or rarity?). 
 
Step 4 Test approach on selected stakeholders 
It is proposed that the approach is tested on a limited number of stakeholders.  The third 
group identified above (Commission staff and possibly UNECE Secretariat) would seem to 
be the best candidates for this role.  Consultees would be asked for their reaction to the 
information pack and questionnaire, and results would be checked for consistency.  
Individual responses may be checked in some depth, for example, by structuring 
questions differently.  Comparison could be drawn between the responses of those that 
are questioned face to face or in small groups, with those that complete the 
questionnaire over the Internet. 
 
Step 5 Revise methods and materials in line with experience of Step 4 
Responses from the initial set of stakeholders will be used to refine the methods prior to 
wider consultation.  Based on the responses received, consideration will be given as to 
the best form of consultation.  Ideally it will be possible to do it remotely or in large 
groups (e.g. with the CAFE steering group).  If not a series of face-to-face meetings will 
be convened.  Most of these would take place in Brussels, for example at the offices of 
industry bodies and the EEB.   
 
Step 6 Main consultations 
The precise form of consultation will be determined following evaluation of responses 
received from the trial phase.  It will clearly be possible to generate the largest number 
of stakeholder responses if consultation can be done without the need for face-to-face 
meetings.  Previous stages of the task will have assessed the issues that arise through 
alternative approaches. 
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Step 7 Analysis and reporting 
Analysis will first list the weightings from each response received, together with any 
comments.  Responses will be grouped in different ways, for example: 

• According to the broad group represented by the stakeholder 
• According to the consistency of responses. 

 
This will highlight similarities and differences in responses both between and within 
groups.  A summary of the results will be published, containing one or more (depending 
on consistency across consultees) sets of weightings.  Ideally this will feature one core 
set of weightings and one set either side for sensitivity analysis.  It will also describe how 
the results are to be used.  This will be particularly useful in the event that opinions have 
changed since development of the information pack. 
 

Task 3  Ensuring the Costs and Benefits are Measured 
with the same metric 

Objective of the task 
The aim of this task is to ensure that the two sides of the cost-benefit equation can be 
compared on equal terms. 
 
Discussions held in the past between IIASA and AEA Technology and other interested 
parties suggested that this was not an important issue in earlier work on the NECD and 
Ozone Directive.  The cost-effectiveness and cost-benefit analysis were both based on 
annualised estimates and common approaches to discounting.  However, there was no 
opportunity then to undertake a detailed and formal consideration of the issues.  This 
package of work is more complex, however, given that there are additional models, such 
as TREMOVE to consider. 
 
Timing: 
Start: Month 1 
End: Month 5 
Deliverables: Draft report month 2, final report month 5 
 
Task Description 
In completing this task the team would: 

• Review the basis for the calculation of benefits and of costs.  It is envisaged that 
information on RAINS and the other models will be readily available in their 
documentation.  Where it is not, a questionnaire will be prepared for completion 
by model developers, to be followed up by direct contact where clarification is 
necessary.  Factors that need to be taken into consideration include (but are not 
limited to) approaches to annualisation and the way that taxes are dealt with.  
Consideration also needs to be given to the way that the analysis treats benefits 
in different countries – should these be monetised using average European 
values, or country-specific data?  Bearing in mind the time horizons of the 
analysis in relation to the Accession process, the former may be preferable. 

• Issue a paper addressing the issues and highlighting any potential problems, for 
consideration by all interested parties (including as a minimum the Commission 
and IIASA, but probably other stakeholders as well).  The paper can then be 
discussed at a joint meeting of the Commission, the proposed study team, IIASA, 
and other model developers as appropriate. 

• Finalise this paper, including agreement on the solutions to any potential issues 
that are raised by it. 
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Task 4  Review and Consultations on the Key Monetary 
Unit Values and Other Parameters Used in the Benefit 
Analysis 

Objective of the task 
To develop an agreed set of data on stock at risk and exposure-response functions for 
use in quantification of pollutant impacts and, where possible, associated values.  This 
task needs to take account of uncertainty in the quantification.  In addition to providing a 
sound basis for the quantification of monetary benefits, work undertaken in this task will 
also provide input to the multi-criteria analysis. 
 
Timing: 
Start: Month 4 
End: Month 12 
 
Deliverables: 
A series of position papers will be produced as follows, each one being targeted at a 
specific expert audience: 

• Description of stock at risk data and exposure-response functions for health. 
• Description of stock at risk data and exposure-response functions for materials 

including cultural heritage. 
• Description of stock at risk data and exposure-response functions for crops and 

other ecosystems. 
• Description of stock at risk data and exposure-response functions for other 

receptors. 
• Description of valuation data for all receptors. 

 
Preliminary versions of these papers will be circulated for discussion, and final versions 
will be produced by month 12 of the project. 
 
Task Description 
 
a) Database of stock at risk 
The database of stock at risk required for this work needs to contain data on the 
distribution of the following receptors across Europe, as a minimum.  Much of the data 
needed is already held in existing models held by the study team (AEA Technology’s 
ALPHA and NAEI impact models and IER’s EcoSense).  This information will be extremely 
valuable in populating the database, though other sources will also be used or 
investigated: 

• Human population (disaggregated by age).  To ensure compatibility with RAINS, 
the model will be based on the data used by RAINS to generate exposure indices 
and quantify the impacts of particles on longevity, although other data sources 
(e.g. Eurostat) will be used to provide country specific age profiles, etc. 

• Materials in utilitarian applications (in other words, those used in applications of 
no significant cultural merit, such as modern housing and so on).  The prime 
source of data here will be that collated under the ExternE Programme, drawing 
extensively on information generated for the UNECE’s ICP on materials.  This 
would be presented to the UNECE ICP on materials for discussion and possible 
refinement. 

• Materials in cultural applications. The stock at risk for cultural heritage will be 
determined by the input from Sub-centre on Cultural Heritage (CLRTAP hosted by 
ENEA) and the analysis in the UNECE ICP. 

• Crops:  Crop yield maps generated by the Stockholm Environment Institute for 
the UNECE’s ICP on vegetation will be used.  They are already incorporated into 
an ozone-modelling framework developed by members of the team under a 
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separate contract.  Results of this analysis were presented to the international 
community in December 2002. 

• Forests: Maps of forest distribution in Europe were developed for the earlier work 
undertaken on the benefits of the NECD, ozone directive and Gothenburg Protocol.  
These will be updated if necessary through contact with relevant experts (e.g. the 
UNECE ICP on Modelling and Mapping). 

• Ecosystems: The assessment of ecosystem effects will be based on critical load 
exceedence data generated by RAINS, and so separate maps for ecosystems 
would not be required here.  However, ecosystem data will be investigated. 

 
b) Exposure-response functions 
Within Europe there are a number of fora established to develop response data for 
characterisation of the effects of air pollution, involving both WHO and the UNECE.  The 
study team has good links with these groups, and in the majority of cases are already 
working closely with them.  It is proposed that the position papers to be produced in this 
task are discussed at meetings of these groups.  Contact has been established with the 
UNECE Secretariat during the development of this project scope and we have gained 
their agreement for this approach. 
 
In all cases the functions will be described together with information on uncertainty, in 
both qualitative and quantitative terms (structured in this way the descriptions will be 
more meaningful than if they were purely quantitative).  Areas where uncertainty may 
have a fundamental influence on the balance of costs and benefits will be highlighted for 
possible exploration with sensitivity analysis. 
 

Health impacts 
The primary source of health exposure-response data will be the work by WHO funded by 
the Commission under the CAFE programme.  Within the project team this will be 
reviewed and adapted by Fintan Hurley and his colleagues at the Institute of 
Occupational Medicine, who are well known to the WHO group.  The objective of this part 
of the work programme will be to clarify issues relating to the quantification as 
necessary, for example: 

• For various pollutants the range of impacts considered quantifiable by WHO and 
whether additional effects should be quantified (noting that the ExternE project 
has taken a more comprehensive approach to quantification than other analysts). 

• Availability of health impact data (e.g. incidence of asthma, hospital admissions, 
etc.) across Europe and the applicability of these data to the quantification. 

• Recommended exposure-metrics and how compatible they are with the air quality 
data. 

• Thresholds (or their absence). 
• Avoidance of double counting when quantifying impacts separately for several 

pollutants. 
• Precise definitions of health endpoints (to facilitate the link to valuation). 
• Annualisation of the effects of long-term (‘chronic’) exposure 
• Description of uncertainties. 

 
The second bullet point here is important because, in meta-analyses of the effects air 
pollution on health, exposure-response functions are typically expressed in terms of 
percentage changes in incidence or prevalence of an effect, per unit concentration and 
per unit population (e.g. per 100,000 persons at risk). There is, however, a problem with 
using functions of this type for quantification of morbidity impacts, because of a lack of 
relevant regional baseline prevalence and incidence data.  (Mortality data usually are 
available.)  Even where these morbidity data are reported, experience shows much 
inconsistency in reporting between countries (accepting that there have been attempts to 
standardise it).  The solution to this problem is typically to express change of incidence 
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from the original studies in terms of the change in number of cases of an effect, per head 
of population per unit concentration. 
 
However, this implicitly brings in the assumption that the baseline rate of incidence in the 
originally studied population is the same as that in the target population (here, the 
population of Europe, or, for the more detailed analysis, individual cities).  Whilst the 
assumption does not appear unreasonable, it is an issue that needs more structured 
debate at the European level. 
 
It is not anticipated that there will be significant differences in the views of the study 
team and WHO on these issues, but these and no doubt some other issues are important 
in the context of communicating the methods to stakeholders more generally.  IOM and 
other members of the project team would prepare a paper defining in precise terms all 
stages of the assessment, sources of data, outstanding issues and so on, following the 
initial review.  This paper would be distributed to the Commission and other stakeholders 
as the Commission sees fit, together with a questionnaire (designed to encourage 
feedback).  Following this feedback the report would be modified appropriately prior to its 
final issue. 
 

Materials 
Exposure-response functions for materials would be taken principally from the work of 
the UNECE ICP on materials, led by Professor Kucera at the Stockholm Corrosion 
Institute.  Key issues for clarification concern the way that functions should be applied 
when moving from small experimental samples exposed to the ambient atmosphere on 
racks, to quantification of impacts on buildings that do not, of course, present the same 
uniform structure to the air and rain.  It should also be possible to factor in the results of 
past analysis of the effects of ozone on rubber and paint previously reported to the ICP.  
Members of the study group (IER and AEA Technology) have worked closely with 
Professor Kucera and have used the ICP functions in impact assessment models at a 
European scale.   
 
As elsewhere in this task, a briefing paper would be prepared for distribution and 
comment, following which recommendations would be revised where appropriate.  This 
would include discussion of the maintenance criteria as well as the exposure response 
functions. 
 

Cultural Heritage 
Much of the information on the impacts on materials will be relevant for the analysis of 
the impacts on cultural heritage.  Additional input on specific impacts of cultural heritage 
will be based on discussion with the UNECE ICP group. 
 
It is important to recognise that there would be deterioration of stonework and other 
materials in the absence of pollution through the natural formation of acids and other 
chemicals in the atmosphere.  It is thus clear that culturally important materials exposed 
to the ambient environment would not survive indefinitely even in the cleanest air.  The 
issue for policy is thus not one of seeking to prevent deterioration altogether, but to 
reduce it to an acceptable rate – this representing a fundamental difference to 
considerations of objectives for ecosystems.  The ICP has already provided some material 
on the subject of ‘acceptable rates’ – this would be reviewed and integrated with the 
study.  Another element of the work will be comparison of current and forecast rates of 
degradation under different scenarios with both the rates of deterioration experienced 
during the late 19th and 20th centuries, and the natural weathering rate. 
 

Agriculture 
Exposure-response functions for the effects of ozone on agriculture would be taken from 
the UNECE ICP on vegetation.  Members of the team are already working with the Centre 
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for Ecology and Hydrology in the UK (the lead institute of the ICP) in the process of 
refining the existing modelling framework to move towards a more detailed Level II 
approach where data allow.  (A Level II approach would take account of environmental 
factors such as variation in growing season and rainfall, which interact with ozone levels 
to determine the magnitude of crop losses.) 
 
All data used in the quantification of impacts on agriculture will be written up in a briefing 
paper to be circulated to the Commission, ICP on vegetation and others as appropriate.  
As for other receptors this would include a questionnaire to encourage feedback.  The 
report would be modified appropriately following the receipt of any comments. 
 

Ecosystems 
As stated earlier, the assessment of ecosystem effects will be based largely on critical 
load exceedence data generated by RAINS, and so separate functions for ecosystems are 
not required here.  However, some work is needed to define more precisely what types of 
ecosystem will be affected and what form impacts may take.  Past work revealed that 
these issues, that may well be considered fundamental to detailed policy consideration 
(whether involving monetisation or not), are not well characterised by existing systems.  
We propose that it is appropriate to do this work through contact with the UNECE ICPs in 
this area (e.g. ICP on Integrated Monitoring of Air Pollution Effects on Ecosystems, ICP 
Modelling and Mapping). 
 

Other receptors 
A brief review of other potentially important effects will be considered.  For example, 
visibility will be considered drawing on material collected by AEA Technology for the 
earlier work on the NECD and Gothenburg Protocol, and the extensive review conducted 
for the US NAPAP Programme.  A number of other issues, for example relating to effects 
on groundwater would also be considered for inclusion. 
  
c) Valuation data 
As elsewhere in the work programme, this task will feature close collaboration with 
established international fora.  In this area the most relevant groups are UNECE’s 
Network of Experts on Benefits and Economic Instruments (NEBEI) and the groups 
developing the EVRI and RED databases.   
 
In addition to quantifying unit values for different impacts, the work programme includes 
development of the wider framework for valuation, dealing with issues such as 
discounting, through the earlier task to ensure that costs and benefits are derived on a 
comparable basis.   
 
Uncertainty will also be accounted for, in a similar way to that identified for exposure-
response functions (i.e. using both quantitative and qualitative approaches, and 
highlighting issues that may be appropriate for investigation using specific sensitivity 
analysis).   
 
One position paper will be produced under this activity, covering all receptors.  It seems 
unnecessary to produce separate papers for each receptor, given that they would be 
likely to share a common readership (unlike the papers, outlined above, for response 
functions and stock at risk data on health, materials, ecosystems, etc.). 
 
It is understood that there are plans for a third meeting of NEBEI, to focus on the 
valuation of damage to cultural heritage.  In the event that this meeting takes place on a 
time frame to fit the schedule of this work, it is proposed that the meeting provides a 
forum for discussion of the draft valuation position paper, in a session to be chaired by 
the Commission.  This would provide wider and more cost-effective access to experts in 
the field of valuation than if separate meetings were held.  In addition to the position 
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paper participants would also be provided with a questionnaire seeking to generate 
structured and comprehensive response.  This would be circulated not just at the 
meeting, but also emailed to specific key individuals should they be unavailable for the 
meeting, and also made available on the Internet for wider comment.  All comments 
received would be collated and the position paper updated as necessary.   
 
Turning to the specific areas for valuation: 
 

Health 
The study team includes two of the organisations that are involved in primary valuation 
studies in the health area (Metroeconomica and E-CO Tech).  Some of the more complex 
issues that will be addressed by the team including the discounting of chronic mortality 
effects.  
 

Materials  
The study team has collated information on building replacement and cleaning costs 
within previous projects.  This information will be updated and used in the study.  
 

Cultural heritage 
There are two types of valuation data relevant to impacts on cultural heritage relating to 
maintenance and impacts on amenity.  From past experience it is considered doubtful 
that these data, to the extent that they exist for cultural heritage, can be properly 
combined with information on stock at risk and exposure-response functions.  In the 
event that these data cannot be used for a direct quantification they may at least be 
useful for scoping the potential magnitude of benefits for the MCA. 
 

Crops 
The valuation of crops is one of the easier aspects of the overall framework, due the 
presence of direct markets.  As in previous studies, however, consideration will be made 
of the costs at European and International levels, to take account of subsidies in Europe.  
 

Ecosystems 
The valuation of ecosystems is one of the most controversial aspects of cost-benefit 
analysis.  It is anticipated that the most likely route to quantify ecosystem damages will 
be via the use of the critical load maps to be generated by IIASA, and the direct input 
through the multi-criteria analysis.  However, the study team includes two of Europe’s 
leading teams in this area, and a review of the potential approaches for valuation will be 
key to this task.  As well as Stale Navrud of E-CO Tech, the task will involve Elisabeth 
Ruijgrok (Witteveen en Bos) who was also involved in the Network of Experts on Benefits 
and Economic Instruments (NEBEI) meeting on ecosystems. 
 

Other receptors 
A brief review of other potentially important aspects will be considered as necessary. 
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Task 5. Estimation of the marginal damage of different 
pollutants for 2010, 2015, and 2020 

Objective of the task 
This task will update the marginal damage estimates in the BeTa model.  It will 
investigate marginal external costs for future years, for individual pollutants. 
 
Timing: 
Start: Month 12 
End: Month 18 
 
Deliverables 
The task will deliver an updated version of BeTa, available for download.  
 
Task Description 
This task will draw heavily on the work previously undertaken by the study team for DG 
Environment in developing the BeTa model. 
 
The key task within this will be to develop marginal cost scenarios of different regions for 
different years. 
 
The task will involve the following steps: 
• Review the research recommendations of the BeTa output. 
• Review the issues with marginal externalities, taking into account issues with linearity 

especially in relation to ozone. 
• Undertake a series of analyses (using the EcoSense model) to look at the marginal air 

pollution increases from increased emissions in different areas across Europe. 
• Using this output with the CBA/MCA model developed in this study to assess marginal 

costs for different areas. 
• Update the BeTa model and guidance. 
 
Within the current budget and time-scale, it is not possible to undertake the number of 
model simulations that would be needed to estimate the marginal increase in pollution 
for every 50x50km2 grid cell across Europe.  In any event, this would be likely to reduce 
the ease of use of the database, increasing the potential for misunderstandings. 
 
Instead, we propose to run the model for around 25 regions in Europe, each for the base 
year (2000) and three future years, for the pollutants NOx, SO2, PM and VOC.  Some 300 
runs will be undertaken with the EcoSense model, based on input data from IIASA on 
these future years.  
 
The 25 regions will be discussed and agreed with the Commission, but are likely to 
include EU 15, some accession countries, and some sea areas (i.e. to investigate 
marginal damage costs due to shipping). 
 
It is not considered necessary to run a separate stakeholder consultation on this part of 
the analysis, given that most aspects of it will be open to discussion under other tasks.   
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Task 6 Inclusion of the costs and benefits of the impacts 
of local scale 

Objective of the task 
To permit analysis at a more localised scale than is possible using the standard EMEP 50 
x 50 km2 grid. 
 
Timing: 
Start: Month 12 
End: Month 16 
 
Deliverables 
A position paper identifying the approach for inclusion of the costs and benefits of the 
impacts operating at scales under the 50 by 50 km2 resolution of the EMEP grid. 
 
Task Description 
This task will consider the potential for increasing the resolution of the benefits analysis, 
to take into consideration higher resolution air pollution data.  
 
The principal action here is to define the way in which the CBA/MCA model developed 
under this study could be adapted to operate at fine resolution.  Being GIS based this 
should be straightforward: it simply requires that pollution and population data are made 
available on a similar scale.  The stock at risk for utilitarian materials can be estimated 
from national and in some cases, city-specific, data.  Data for other receptors is not 
needed for analysis at this scale, assuming that it is concentrated on urban locations. 
 
The GIS based system we propose lends itself to this analysis.  It is possible to alter the 
resolution of the matrix to resolve impacts at different scales, and adjust the overall 
analysis so that this does not subsequently double count regional calculations.  In the 
event that models do not provide output in a way that can be conveniently integrated 
with GIS alternative approaches can be used.  The BeTa model, for example, integrated 
data on exposure indices to estimate externalities, drawing on the output of previous 
modelling exercises.  This latter approach may be particularly suited to interaction with 
the TREMOVE model. 
 
This task will: 
• Review the local scale issues and their importance (urban areas). 
• Demonstrate the potential use of the local scale impacts with a single case study 

looking at a single urban area.  It will take output for a local scale area, for example 
at 1km2 scale and run an analysis to show the difference between the regional and 
local scale analyses.  

• Make recommendations on the greater resolution and importance of local scale effects 
for the study.  
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Task 7  Developing the Framework to Carry out the 
Analysis of Social and Macro-Economic Impacts of 
Improved Air Quality 

Objective of the task 
To assess the wider social and economic effects of air quality policy.  
 
Timing: 
Start: Month 4 
End: Month 15 
 
Deliverables 
Draft position paper defining the approach to quantification of social and macroeconomic 
impacts of improved air quality for discussion.  Final version of the paper, with comments 
accounted for. 
 
Task Description 
 
Macroeconomic impacts 
This task will first review the existing literature on the macroeconomic impacts of air 
quality improvement, including analysis of the distributional burden of such pollution.  
 
The work will then build on existing macroeconomic model of the European Union – most 
probably EUROGEM - to develop estimates of the macroeconomic impacts of improved air 
quality. EUROGEM is a dynamic multi-sector general equilibrium model for the European 
Union. EUROGEM has been used for the estimation of the impacts of carbon taxes on 
employment and different economic sectors. The sectors covered in EUROGEM include: 
agriculture; various energy sectors; electricity, gas and water; energy intensive 
industries; other industries and services; and public services. This sectoral coverage is 
useful for the analysis of the macroeconomic impacts of air quality improvement, as 
these sectors are most likely to be impacted by changes in regulations. The project 
intends to update the model (subcontracting Professor Ali Bayer) to reflect changes since 
its last revision and modified to allow comparison of the impacts of air quality measures 
on different sectors in the economy. 
 
Social aspects.  
Previous work by the study team has shown that there is a strong correlation between air 
quality and social deprivation.  Detailed analysis throughout the UK (AEA Technology 
Environment) has shown that areas with high air quality concentrations are highly 
correlated with areas of lower employment, lower income, and higher social deprivation.  
Air quality improvements are therefore likely to have greatest benefits to low income and 
socially deprived groups.  As part of this task, the study team will review the evidence on 
air quality and social deprivation and investigate the potential for how this could be 
incorporated within the framework.  



CAFE Benefits Analysis AEAT/ED51014/Project Scope Issue 1 

AEA Technology Environment 19

 

Task 8  Creation of a Modelling Tool, and reporting of the 
Methodology of the impact assessments as well as multi-
criteria and cost-benefit analyses in the CAFE 
programme 

Objective of the task 
To build a specific model for the task of assessing the CAFE programme output.  
 
Timing: 
Start: Month 8 
End: Month 12 
 
Deliverables 
Position papers on the methodology used in the study are identified as deliverables under 
other tasks.  The deliverable here will be a paper describing the different models used, 
and how they are combined within the overall analysis. 
 
Task Description 
The study team has over 10 years experience of developing successful models for 
benefits analysis in Europe using the impact pathway approach.   
 
This experience, together with existing models held by the study team, will be used to 
build a purpose built model for the current study.  This model will be built around a 
Geographical Information System, operating at a 50 x 50 km2 resolution, but with the 
potential to operate at a higher resolution with more local input. 
 
The input for the model will be information on costs, emissions and concentrations from 
IIASA.  The model will take the stock at risk, exposure response relationships and values 
from previous tasks and combine these in an analytical model.  The model will be able to 
automatically calculate the benefits for the various incremental pollution maps generated. 
The model will be linked to the output of the multi-criteria analysis and the macro-
economic analysis to provide the overall model framework, as shown in the schematic 
figure 3. 
 
An interface for rapid generation of reports on each scenario analysed will also be 
established. 
 
The framework will be based on three models developed previously for benefits analysis 
by the study team: the ALPHA model, the NAEI benefits model, and EcoSense, 
summarised in Box 2 below. All of these models are able to quantify the benefits of air 
pollution across Europe. 
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CAFE Benefits model

Stock at Risk
(population, buildings, crops, ecosystems, etc)

Agreed valuation endpoint list
(health, buildings, crops, ecosystems, etc)

Agreed dose-response list
(health, buildings, crops, ecosystems, etc)

RAINS
pollutants SO2, NOX, PM10, VOC, ammonia each cell, 50 * 50 km2 grid across Europe

GIS based, held central hub, AEA Technology

Stock put into GIS model, task 5.14

Input from study task 5.1.4 and 

Task 5.14 and  input from other 
European working groups/organisations

Input from study task 5.1.2

Additional components model

MCA component
(cultural buildings, ecosystems)

Macro-economic model

Possible stand alone component

Input from study task 5.1.7

Other input

 
 
 Figure 3 Schematic of the CBA/MCA tool structure 

 
  
Box 2.  Existing benefits models 

 
The ALPHA (Atmospheric Long range Pollution Health-environment Assessment) model was 
generated by AEA Technology during development of the Acidification Strategy, NECD and 
Gothenburg Protocol.  The original version of ALPHA combined mapped data on population, 
materials, crops, forests, etc., with data on pollutant concentrations, exposure-response and 
valuation, to estimate pollution damage. 
 
The NAEI benefits model includes geographical databases of population, crops, forests and the 
stock at risk of building materials for the UK and Europe.  The output from dispersion models is 
linked to these databases to calculate the receptor-weighted increases that arise from incremental 
emissions or air quality concentrations.  Impacts are quantified using dose-response functions that 
link pollution concentration to specific endpoints (e.g. cases of asthma).  Finally, each endpoint is 
assigned a monetary value, so that impacts are expressed in economic terms. 
 
The EcoSense model has been developed in the ExternE project series. The model supports the 
quantification of environmental impacts by following a detailed site-specific ‘impact pathway’ 
approach. EcoSense provides harmonised air quality models, linked to a database of stock at risk, 
exposure-response functions and monetary values for the whole of Europe. 
 

 
The model developed will be used solely for DG Environment for the CAFE programme 
analysis, unless agreement is reached on its use elsewhere, for example in analysis 
conducted in the context of the UNECE Convention on Long Range Transboundary Air 
Pollution (CLRTAP).  
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A standard set of uncertainty analyses will be developed for automatic implementation in 
the model.  These will address particular issues of sensitivity, such as the precise 
functions used for the dominant impacts in the CBA, such as chronic effects of particles 
on mortality. 
 
Results will be checked to the extent possible to ensure their validity from two 
perspectives.  First, have the impact pathways been properly implemented by the 
different models that are used in the assessment?  This requires inspection of the data 
and structure of models.  Protocols will be developed for doing this. 
 
Secondly, and more fundamentally, do results reflect wider experience?  In other words, 
leaving aside the theory behind the analysis, do the results seem right?   
 

Task 9  Carrying out First Assessments 

Objective 
This task will use the developed CBA/MCA model to undertake the first set of policy 
analyses. 
 
Timing: 
Start: Month 12 
End: Month 16 
 
Deliverables 
A report describing the results of the first assessments written in a way that can be easily 
understood by all stakeholders. 
 
Task Description 
As detailed in the project specification, up to 2 main scenarios would be fully assessed at 
this stage. Since this task is demonstrating the correct functioning of the model tools and 
providing general information on the scale of benefits for different scenarios, we propose 
that the analysis concentrates on the time span 2010 to 2020 for the 50 x 50 km2 
European grid. 
 
 

Task 10.  Project web-site and data dissemination 

AEA Technology will create a project web site.  We recognise that key aims of the 
implementation of the CAFE programme are the active dissemination of policy 
information along with transparency of how policy is developed and opportunities for 
stakeholders to comment on and influence development. The web site would be the most 
useful tool in achieving these aims where this contract is concerned. 
 
Close co-operation is planned with both IIASA and the Commission in developing the web 
site. The aim is to provide a proposal of the structure of the web site within the two 
months of the study start date. 
 
Part of the discussion would include consideration of how best to publicise the existence 
of the site. It may be that a press release from the DG Environment to the established 
environmental and media would ensure the widest possible broadcast to the public of the 
European Community and Accession Countries. Other methods may be more suitable for 
raising awareness in the policy research community. 
 
The plans for the web-site include: 

• Documented project scope, aims and timetable; 
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• Contacts and links for all members of the bid consortium; 
• External links to DG Environment and other relevant CAFE sites; 
• Meeting schedules and minutes/presentations posted; 
• A consultation area (in particular to host the position papers, questionnaire and 

recorded responses for the contract task “review and consultation on the key 
monetary values used in the benefit analysis”); 

• A ‘work in progress’ and project management area for the bid consortium 
members (only); 

• Project deliverables (e.g. work plan, interim and results reports); and 
• A downloads area where the revised BeTa model and other relevant data could be 

obtained. 
 


