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This note has been prepared by Markus Amann, Matti Vainio and Keimpe Wieringa. It
includes the comments from the Technical Analysis Group and the CAFE Secretariat.

��2&72%(5�����



1

��� 385326(

In the discussion paper presented at the first CAFE Steering Group meeting on 18 May
2001 ("Towards a detailed work-plan for CAFE") the need for a "general discussion on
principles and concepts used for integrated assessment modelling" was identified. The
subject was therefore discussed at a first meeting of the Technical Analysis Group (TAG)
on 3 July 2001. In this meeting it was agreed that there should be a discussion on the
wider issue of "integrated assessment" (and not only integrated assessment modelling)
within CAFE, based on a note produced by the TAG.

The purpose of this note is therefore to briefly describe what integrated assessment is
(section 2) and how integrated assessment modelling can contribute to integrated
assessment (section 3). It will also draft how integrated assessment and integrated
assessment modelling will be carried out in CAFE (section 4). Finally, two specific issues
will be highlighted: how to include the benefits of clean air within the integrated
assessment  (section 5), and how ancillary benefits and dis-benefits on other policy areas,
such as climate change and transport can be taken into account (section 6).

Thus far integrated assessment has been used exclusively to frame policy at European
level. It could also be used for helping in the implementation of air quality legislation e.g.
by making recommendations on measures. This important issue is not addressed in this
note.
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The objective of integrated assessment is to gather all relevant information to assess the
policy alternatives for improving air quality. In doing so, information needs to be
organised systematically in such a way that efficient emission reduction strategies can be
explored. Integrated assessment does not actually make policy decisions. ,QWHJUDWHG
DVVHVVPHQW� LV� D� SURFHVV� WKDW� KHOSV� XV� WR�PDNH� GHFLVLRQV� LQ� WUDQVSDUHQW�� RSHQ� DQG
LQIRUPHG�PDQQHU�� ,Q� VXP�� LW LV� D� PHWKRGRORJLFDO� IUDPHZRUN� WR� KHOS� XV� WR� PDNH
EHWWHU�GHFLVLRQV� In the case of CAFE the environmental problem to be addressed is air
pollution and its effects. In CAFE, we need to address the following issues:

(i) what are the causes of emissions (economic activity, e.g., power generation or
transportation),

(ii) how local and regional emissions affect air quality and depositions,

(iii) how air quality is influenced by other factors (e.g., natural emissions, backgound
levels, meteorological conditions)

(iv)  to what extent and at what costs anthropogenic emissions could be reduced at the
various sources, and

(v) what the effects of cleaner air are on health and ecosystems (e.g., increased life
expectancy, better health status, better soil and water quality).

Integrated assessment tries to relate information on these aspects to each other in order to
(i) quantify the likely effects of present emission reduction legislation on future air
quality, (ii) to assess scope, costs and benefits of the available additional measures to
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further improve air quality, and (iii) to identify cost-effective packages of additional
emission controls to meet certain air quality objectives.

A schematic picture of the information flow in the integrated assessment of air quality is
given in Figure 1 below. It indicates possible policy objectives1 for improving air quality,
which could alternatively be used in an integrated assessment process. As shown in
Figure 1, integrated assessment allows the balancing of costs of emission reduction
against their benefits. In other words, we can use integrated assessment to search for
emission reduction strategies that maximise net benefits. Finally, Figure 1 also indicates a
feedback from improved environment and quality of life back  to economic activity
(through increased productivity), although it is difficult at the moment to reliably quantify
this effect.

)LJXUH����6FKHPDWLF�SLFWXUH�RI�LQWHJUDWHG�DVVHVVPHQW

Bringing together the elements outlined in Figure 1 is in itself a complex task. In a
comprehensive integrated assessment, we need to address institutional, legal and social
aspects related to policies that would improve air quality. It is also essential to ensure that
air quality problems are not viewed in isolation from other problems connected with
sustainable development (environmental, social and economic). Thus, DOWKRXJK
LQWHJUDWHG� DVVHVVPHQW� LQ� WKH�&$)(� FRQWH[W�ZLOO� SUHGRPLQDQWO\� EH� IRFXVHG� RQ� DLU

                                                

1 For instance, specific activities could be affected directly (e.g. through technological control), some
emissions could be capped (e.g. through National Emissions Ceilings) or specific air quality targets
(for selected pollutants) could be set. It could also be possible to set targets for limiting depositions of
particular pollutants. Moreover, particular health related objectives could be set, e.g. by specifying how
many people should have a better health condition due to the legislation.
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TXDOLW\�� LW�ZLOO�DOVR�QHHG�WR�DGGUHVV�WKH�RWKHU� LVVXHV� LQ�DQ�DGHTXDWH�PDQQHU, i.e. to
include ancillary benefits and dis-benefits, the subject of section 6 of this note2.
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Integrated assessment is a complex process, which can be facilitated by computer models
that put quantitative information on the various relevant aspects into consistent relations.
Through such computer models scientists from different disciplines can share their
information and views, test different assumptions and assess the importance of
uncertainties and inaccuracies in data.

Integrated assessment models help policy makers to explore the implications of
alternative policy scenarios in a quantitative way quickly, consistently and without
excessive costs. Integrated assessment models store a wealth of relevant information on a
large variety of aspects3 in a consistent, comparable and transparent manner and thus
allow consistent comparisons of costs and benefits of actions in different economic
sectors and in different countries. Input data to such models are usually derived from
national information from all European countries and is open for review for all interested
stakeholders.

Furthermore, integrated assessment models can be used to systematically search for
solutions that would meet environmental policy targets in the most efficient manner. In
other words, ZLWK� WKH� KHOS� RI� LQWHJUDWHG� DVVHVVPHQW� PRGHOV�� SROLF\� PDNHUV� FDQ
LGHQWLI\�PRVW�PHDQLQJIXO�HQYLURQPHQWDO�SROLFLHV�LQ�D�WLPHO\�IDVKLRQ�

In addition to models, other tools, including qualitative analysis of non-quantifiable
issues, need to be used in a transparent manner as part of integrated assessment.

At European level, we have two operational integrated assessment models for air
pollution and a third one is under development:

 (i) 5$,16 (5egional $ir Pollution�,Qformation and 6imulation model) has been
developed by the International Institute for Applied Systems Analysis (IIASA)
since 1983. It has been the central model in the negotiation of international
agreements to control air pollution in Europe. For details,
http://www.iiasa.ac.at/~rains/index.html.

 (ii) $6$0 ($batement 6trategies $ssessment 0odel) has been developed by the
Integrated Assessment Unit of T. H. Huxley School of Environment, Earth
Sciences and Engineering of the Imperial College.  For details, see
http://www.huxley.ic.ac.uk/emma/airpollution/.

 (iii) 0(5/,1 (0ulti-Pollutant Multi-(ffect Modelling of European AiU Pollution
ControO Strategies - an ,Qtegrated Approach) is being developed through the

                                                

2 The impact of ancillary benefits and dis-benefits is not shown in Figure 1.

3 For instance, integrated assessment models have information on economic development, emission
control options, their cost estimates, atmospheric dispersion, environmental sensitivities, stock at risk,
etc.
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support of the EU 5th Framework Programme under the direction of Institute of
Energy Economics and the Rational Use of Energy (IER) and should be ready for
use in 2004. For details, see
http://www.ier.uni-stuttgart.de/public/abt/tfu/projekte/merlin/en/.
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In essence, CAFE programme outlines a comprehensive integrated assessment process of
the policy options for the revision of the air quality related EU legislation in 2004 with
direct participation of all stakeholders. This integrated assessment process will be carried
out by the various CAFE working groups. Computer models need to support this
assessment process, so that a quantitative analysis based on best available data can be
conducted.

In CAFE, integrated assessment models will be used

• To predict future air quality taking into account the effects of recently decided
emission reduction legislation, as well as latest information concerning developments
in other areas affecting air quality (e.g. change in fuel mix, growth of economic
activity etc.). This prediction forms the baseline scenario for CAFE.

• To explore the potential, the costs and the benefits of further emission reduction in the
various economic sectors and countries; and

• To identify efficient emission reduction strategies that would meet air quality targets
in the most efficient (e.g. least cost) way.

As for the development of the proposal for the National Emission Ceilings Directive, the
selection of appropriate policy targets (the environmental ambition level) could be an
iterative and interactive process between the policy makers and modellers. Policy makers
would suggest certain policy targets and integrated assessment models would explore
their implications e.g. in terms of costs and environmental benefits. This process could
then be repeated with revised policy targets until a solution that is acceptable to most
(hopefully all) stakeholders and policy makers.

In the past the RAINS model has been used as the dominant integrated assessment model
for much of the EU’s air quality policy so far, in particular for the calculation of national
emission ceilings. In continuity with this practice, RAINS will be used as the main
integrated assessment model within CAFE. The reasons for this are that (i) RAINS is
very comprehensive and well known to all air quality negotiators in both the EU and
UN/ECE-CLRTAP, and (ii) its inputs have been reviewed by Member States. Further, it
should be noted the Commission is currently supporting its development (to include e.g.
particulate matter)4 ,W� ZLOO� EH� HVVHQWLDO� WR� LQYROYH� WKH� VWDNHKROGHUV� RI� &$)(� ±
LQFOXGLQJ� WKH� 6WHHULQJ� *URXS� ±� LQ� WKH� VFUXWLQ\� DQG� DSSUDLVDO� RI� 5$,16� to gain
confidence on the results in the CAFE. process.

                                                

4 Following the selection of the International Institute for Applied Systems Analysis (IIASA)’s bid in
response to an open call for tender issued in 2000.
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It is recognised that WKHUH�ZRXOG�EH�D�YDOXH�DGGHG� WR�FRPSDUH� WKH�UHVXOWV�REWDLQHG
IURP� WKH� 5$,16� PRGHO� ZLWK� RWKHU� LQWHJUDWHG� DVVHVVPHQW� PRGHOV (ASAM and
MERLIN). Practicalities and funding of such an undertaking need to be resolved.

Since the RAINS model is limited to ozone, acidifying compounds, eutrophication, and
eventually, particulate matter, other models will be used for those compounds that are not
covered by RAINS. In addition, specialised models are required to assess air quality in
street canyons, if this issue is addressed in CAFE.

Results from other models will be used to cover areas that are not explicitly included in
RAINS. For instance, the potential of modified energy scenarios will be analysed by the
35,0(6 energy model5, which will then be used as an input to the further analysis in
RAINS. Results from the 75(029( model6, which addresses emissions from the
transport sector in great detail, will be transferred into the RAINS model to incorporate,
LQWHU� DOLD, the potential of non-technical measures for controlling emissions from
transport activities.

In sum, 5$,16�LV�WKH�PDLQ�PRGHO��DQG�WKXV�RQH�RI�WKH�PDLQ�WRROV��WR�KHOS�WR�FDUU\
RXW�LQWHJUDWHG�DVVHVVPHQW��EXW�QRW�WKH�RQO\�RQH.
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����� ,PSRUWDQFH�RI�LQFOXGLQJ�EHQHILWV�WR�LQWHJUDWHG�DVVHVVPHQW

The reasons why we wish to get cleaner air appear fairly obvious: we want to improve
health –  less cancer, respiratory and other illnesses, – to improve and conserve our
environment from both ecosystem and amenity standpoints -cleaner waters7 (to swim,
fish, to drink etc.), cleaner soils and forests (to maintain their productivity and preserve
biodiversity), and simply “because it is the right thing to do”.

However, to guide policy we need a deeper, quantitative assessment of what the different
effects on human health and the environment of different levels of emission control will
be. That is, we need to assess each option to determine what reductions in emissions will
arise, to what extent this will improve human health and the environment, and the
disadvantages (costs) of each option. Otherwise decision makers lack information that is
important for weighing up the merits of different policy options.

It should also be noted that the�$PVWHUGDP�7UHDW\�VWLSXODWHV�³,Q�SUHSDULQJ�LWV�SROLF\
RQ�WKH�HQYLURQPHQW�«�WKH�&RPPXQLW\�VKDOO�WDNH�DFFRXQW�RI�WKH�SRWHQWLDO�EHQHILWV�DQG

                                                

5  For details, see http://www.e3mlab.ntua.gr/models.asp?title=primes The energy balances (which
determine the fuel mixes used in power generation) will not be derived by RAINS but by PRIMES.
PRIMES has been developed through the support of DG Research and is currently used by Transport
and Energy as well as Environment DGs when energy related questions are analysed.

6 For details, see http://europa.eu.int/comm/environment/enveco/auto-oil/index.htm. TREMOVE was
used in Auto-Oil II Programme and is currently being developed further by the Commission.

7 Note that while water quality is affected by air emissions (acidification and eutrophication), direct
discharges to water are still the main source of concern, in particular for drinking water.
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FRVWV�RI�DFWLRQ�RU�ODFN�RI�DFWLRQ´ (Art 173.3). There is therefore a Treaty obligation to
consider both benefits and costs.

7KH� LWHUDWLYH� DVVHVVPHQW� SURFHVV� EHWZHHQ� GHFLVLRQ� PDNHUV� DQG� PRGHOOHUV as
described above therefore LQFOXGHV��DV�IDU�DV�SRVVLEOH��D�TXDQWLILFDWLRQ�RI�WKH�EHQHILWV
RI�HPLVVLRQ�FRQWURO� This information is offered to decision makers as one (but not the
only one) element for choosing the appropriate environmental ambition level (the
environmental targets). Increasingly, tools are becoming available allowing us to address
these benefits in a more systematic manner within integrated assessment models�
+RZHYHU��EHQHILWV�FDQ�EH�GLIILFXOW�WR�TXDQWLI\�DQG�UHODWLRQVKLSV�EHWZHHQ�HPLVVLRQV
DQG� KHDOWK� LPSDFWV� QRW� IXOO\� XQGHUVWRRG�� ,Q� RUGHU� WR� WU\� WR� HQVXUH� FRQWLQXRXV
LPSURYHPHQW�LQ�WKH�ZD\�LQ�ZKLFK�KHDOWK�EHQHILWV�FDQ�EH�DFFRXQWHG�IRU��(8�IXQGHG
UHVHDUFK� SURMHFWV� ZLOO� EH� VWUXFWXUDOO\� OLQNHG� ZLWKLQ� WKH� &$)(� SURFHVV� WR� WDNH
DGYDQWDJH�RI�UHVHDUFK�UHVXOWV�DV�WKH\�EHFRPH�DYDLODEOH�

����� 4XDQWLILFDWLRQ�RI�EHQHILWV�LQ�LQWHJUDWHG�DVVHVVPHQW

Any policy process that leads to air quality or emission targets makes, implicitly or
explicitly, decisions about the relative importance of different pollutants and how much
to spend in reducing aggregate emissions. This is unavoidable. The question is how far
the relative importance can be quantified.

������� 0XOWL�FULWHULD�IUDPHZRUN�IRU�EHQHILWV�WKDW�KDYH�QR�PRQHWDU\�YDOXH

Where it is not possible to quantify all effects, or where it is not considered credible to
give these quantified effects monetary values (particularly relevant with respect to health
benefits), WKH� UHVXOWV� RI� LQWHJUDWHG� DVVHVVPHQW� FRXOG�EH�SUHVHQWHG� LQ� WKH� IRUP�RI� D
�PXOWL�FULWHULD��IUDPHZRUN� That is, all effects – both qualitative and quantitative – are
presented in a clear and understandable way, so as to encourage careful consideration of
what trade-offs are being made, and whether or not the right option balance between the
different outcomes has been found.

������� ,QFOXGLQJ�WKH�YDOXHV�RI�EHQHILWV�LQ�LQWHJUDWHG�DVVHVVPHQW

Translating changes in risk to health and the environment into a standard unit of account,
such as money, is a potentially useful way of facilitating such comparisons (while
recognising the imperfect nature of the methodology in representing sometimes emotive
and difficult to measure health ‘cost’) and making these trade-offs more explicit. 0DNLQJ
WKH� WUDGH�RIIV� H[SOLFLW�E\�DOORZLQJ�D�GLUHFW� FRPSDULVRQ�RI� FRVWV�DQG�EHQHILWV� FRXOG
DOVR�SURYLGH�VRPH�LQVLJKW�RQ�ZKDW�WKH�DSSURSULDWH�OHYHO�RI�HQYLURQPHQWDO�DPELWLRQ
VKRXOG�EH�

If values of benefits can be estimated or derived in an acceptable manner, the choice of
the optimal ambition level (i.e. the environmental policy target) could be included into
the integrated assessment models. In such a case, models could help to determine the
level of abatement, e.g., at which net benefits are maximised. The MERLIN project aims
at such a fully internalised approach while RAINS does include the values of changes in
effects of air pollution. Both models naturally provide information about physical
benefits of emission controls that is indispensable for any monetary evaluation of
environmental benefits.
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It should be noted that XVH� RI� PRQHWDU\� YDOXHV� SURYLGHV� D� XVHIXO� ZD\� RI� HQVXULQJ
FRQVLVWHQF\� EHWZHHQ� GLIIHUHQW� PRGHO� UXQV� DQG� VFHQDULRV. The use of "benchmark"
monetary values for certain clearly defined effects (eg a unit reduction in lifetime risk)
can be very helpful in ensuring coherence and consistency between different modelling
exercises, or in examining the differences between different model runs. DG
Environment, many Member States and the academia are working on the valuation of
environmental improvements and valuation of risk reduction, and the latest information
will be included in the integrated assessment of air quality in CAFE.

It should also be noted that DQ�HYDOXDWLRQ�RI�VRPH�HQYLURQPHQWDO�EHQHILWV�DSSURDFKHV
WKH�IURQWLHUV�RI�RXU�NQRZOHGJH� For instance, while there is considerable data relating to
material damage and impact on human health, not all of the potential impacts are well
understood or accounted for.  Additionally, there remain significant uncertainties and
gaps in knowledge, e.g., in the evaluation of ecological effects. As a consequence,
benefits to ecosystems are omitted in many benefit analysis at present, leading a
systematic underestimate of the real benefits. Further work is needed to develop a
methodology to include the values of ecological benefits in CAFE and to report the
results in a transparent way.

Cost-benefit and multi-criteria analyses can also be applied so that various options are
compared with a purpose of finding an optimal set of policies to maximise net benefits.
With the help of integrated assessment models different sets of policies can be compared
in a timely and transparent manner.

(YHQ�LI�LQWHJUDWHG�DVVHVVPHQW�PRGHOV�LQFOXGHG�WKH�YDOXHV�RI�WKH�EHQHILWV�RI�HPLVVLRQ
UHGXFWLRQ�� WKLV� LV�VWLOO�RQO\�DGGLWLRQDO� LQIRUPDWLRQ� Policy decisions need to be made
taking into account various objectives. For instance, one of the objectives of the 6th

Environmental Action Plan  ³$FKLHYLQJ� OHYHOV� RI� DLU� TXDOLW\� WKDW� GR� QRW� JLYH� ULVH� WR
VLJQLILFDQW� LPSDFWV� RQ� DQG� ULVNV� WR� KXPDQ� KHDOWK� DQG� HQYLURQPHQW.”8 One can see the
integrated assessment process as one important way of helping to define what
“significant” means in the overall air quality objective.
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So far we have discussed integrated assessment in the context of “only” air quality.
However, legislation or action in other policy areas may have important positive or
negative impacts on air quality. For instance, if a power generator tries to reduce its CO2

emissions by shifting away from burning lignite or coal and use, e.g., natural gas instead,
air quality would improve as well.

,Q�RUGHU�WR�DVVHVV�WKH�DLU�UHODWHG�LVVXHV�FRUUHFWO\�WKHVH�DQFLOODU\�EHQHILWV�QHHG�WR�EH
ORRNHG� LQWR� DV� ZHOO� LQ� &$)(� This is important for three reasons. By enlarging the
vision in assessment,

                                                

8  6th Environment Action programme of the European Community ’Environment 2010: Our future, Our
choice’, 24.1.2001.
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(i) we may find options that nobody was looking at, or we may find that our baseline
assumptions might ignore ongoing developments in other policy areas

(ii) we may find options that initially show excessive costs, but these options may
also contribute solving other environmental problems (thus the air quality costs
can be reduced), and

(iii) we may find threats that one should be aware of (e.g. if some emission control
techniques raise CO2 emissions excessively, we should be mindful of this).

Obviously, we should be mindful to not to justify air quality policies with ancillary
benefits in cases where more suitable policy options are available in other environmental
domains. In sum, LW�LV�LPSRUWDQW�WR�LQFOXGH�WKH�PRVW�LPSRUWDQW�DQFLOODU\�EHQHILWV�DQG
GLV�EHQHILWV� LQ�DQ�LQWHJUDWHG�DVVHVVPHQW�VR�WKDW�ZH�GR�QRW�RYHUORRN�VRPH� OXFUDWLYH
VLGH�EHQHILWV��RU�VLPSO\�VKLIW�HQYLURQPHQWDO�SUREOHPV�IURP�RQH�GRPDLQ�WR�DQRWKHU�

Including ancillary benefits and dis-benefits in integrated assessment is conceptually
fairly simple. However, from a modelling point of view this is a challenging task and
thus, one should focus on those policy areas where the effects are likely to be most
important. These are, probably in a descending order of importance as well as easiness to
tackle from modelling point of view: climate change/energy, transport, agriculture, waste
and water. The links between CAFE and other policy areas are given below:

• Climate change, energy and transport policies all affect the amounts and types of
fuels that are burned and these changes have an effect on air quality. And YLFH
YHUVD, air quality standards affect the operation of energy producers and transport
sector and consequently e.g. CO2 emissions. These issues need clearly to be
quantified in integrated assessment of CAFE.

• Agricultural policies are likely to have smaller, but still potentially important
effects on air quality, e.g., through ammonia releases. Further, air quality
(acidification and eutrophication) affect agricultural productivity. These issues
need to be quantified to the extent possible.

• Water quality (through acidification and eutrophication) is affected by air quality
but it unlikely that water policies affect air quality. Thus, it is unlikely that any
model runs would be made explicitly to look into this link but the effects of
different air quality policies to water quality (acidification and eutrophication)
need to be quantified.


