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Earlier this year, on May 4th 2001,the EuropeanCommissionadoptedthe official Communi-
cationannouncinganddescribingthenew CleanAir For Europe(CAFE) program.CAFE hasthe
generalaim of developinglong-termstrategic andintegratedpolicy to protectagainsttheeffectsof
air pollution on humanhealthandtheenvironment.Althoughthemajorprioritiesidentifiedfor the
next phaseof EU’s air quality policy relateto particulatematterandozone,CAFE alsoaimsto ad-
dressproblemsof acidification,eutrophicationandmaterialdamage.

Both theUN/ECEConventionon Long RangeTransboundaryAir Pollution(CLRTAP) andCAFE
have recognizedthe needto createandmaintainstrongstructurallinks to ensurecooperationand
coordinationbetweenthe technicalanalysiswork carriedout underthe two programs.Structural
links have beenestablished(ECE/EB.AIR/71)andthe technicalwork to supportthe development
of future policy work hasalreadybeeninitiated. The time frameof the CAFE programcoincides
with theenvisagedrevisionof theGothenburg Protocolby 2004.Therefore,thenext few yearsoffer
a uniquepossibility for scientificcooperationto improve the underlyingknowledgeusedin policy
development.Amongothers,two projectshavebeenidentifiedaspotentiallysignificantcontributors
to thescientificwork underthisprocess.Theseare:

1. Thefurtherdevelopmentof theRAINS model,aspresentlyunderwayundertheIIASA-DNMI
contractcontribution to CAFE

2. TheMERLIN project

Both projectsaddressthe furtherdevelopmentof integratedassessmentframeworks to supportthe
air quality policiesin Europebut proposedifferentapproaches.This chaptershortlydescribesthe
mainsimilaritiesanddifferencesbetweentheprojectsandexploreshow they canbebestconducted
in acomplementarymanner.

The IIASA-DNMI contribution to CAFE focuses(i) on the derivation of source-receptorrelation-
shipsfrom theEulerianEMEP/MSC-Wmodelthatcanbeusedin integratedassessmentmodelsand
(ii) on the inclusionsof the mostrelevant aspectsof urbanscalepollution into the RAINS model
framework.
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The MERLIN projectaimsat an integratedassessmentframework, which will includethe assess-
mentof costsandbenefitsaswell asthe macro-economicimpactsof emissioncontrols. Thereby
MERLIN will alsoinvestigatetheadvantagesof introducinga cost-benefitapproachinto integrated
assessment.

Theparticipantsof bothprojectsareawareof theneedto coordinatetheireffortsandto avoid duplica-
tion of work. ThefactthattheEMEP/MSC-Wmodelingteamis involvedin bothprojectsfacilitates
theexchangeof informationandcoordinationbetweenthe projectsandtheir links to the CLRTAP
work. It is shown herehow bothprojectscanbenefitfrom eachotherandhow their addedcontribu-
tionscanbestsupportthestrategy discussionon thedevelopmentEuropeanair qualitypolicies.

2.1 Two different integrated assessmentapproaches

Integratedassessmentaimsto supportthedevelopmentof emissioncontrolstrategiesto reducethe
impactof air pollution. Integratedassessmentstudiesincludeemissionmodels,atmospherictrans-
portmodels,effectsindicatorsandassesstheinvolvedcosts.Integratedassessmentmodelscombine
this informationin a commonframework andincludeanoptimizationfeatureto find optimalsolu-
tions for given environmentalproblems.Therearevariousconceptsto drive anoptimizationin an
integratedassessmentframework, for instance:

a cost-effectivenessconcept will provideananalysison how to reachadefined

environmentalpolicy targetat minimumcosts.

a cost-benefitapproach will balancethecostsof reducingemissionswith

themonetarybenefitsof reducedair pollution impacts.

Uncertainty concepts will searchfor emissionreductionmeasureswhich

provide theminimumuncertaintywhile attaining

theenvironmentaltargets.

Thechoiceof themostappropriateoptimizationprinciple is political. The 2ndSulphurProto-
col, theEU NationalEmissionCeilingsDirective andtheGothenburg Protocolusedtheeffect-based
cost-effectivenessapproach,which aimedfor the least-costmeasuresfor attainingpolitically de-
cidedenvironmentaltargets.Althoughthereis muchroomfor improvementin thecost-effectiveness
approach,the revision of the presentair quality policiesin Europecould alsoconsideralternative
concepts.It is probablytoo difficult at presentto introduceanuncertaintybasedapproachbecause
thedeterminationof uncertaintiesin integratedassessmentis still preliminary. However, thescien-
tific developmenton cost-benefitapproachallows a discussionon thepossibilityof usingthis type
of optimization.A cost-benefitapproachasenvisagedin theMERLIN projectwouldbalanceabate-
mentcostsagainstmonetaryenvironmentalbenefitsandwould therebyreplacethepolicy choiceof
the desiredenvironmentalambitionlevel with a model-determinedoptimal balancebetweencosts
andmonetarybenefits.

Table2.1lists themainsimilaritiesanddifferencesbetweentheRAINS extensionsundertheIIASA-
DNMI contractandtheMERLIN project.Thescopeof theprojectsis verysimilar, bothdealingwith
the analysisof measuresaffecting differentair pollutantsanddifferenteffects. We have identified
threesignificantdifferencesbetweentheprojects.

Onesubstantialdifferenceis thefactthattheMERLIN projectaimsat includingmacro-economic
effectsandcost-benefitassessmentin theoptimization.TheRAINSconceptdoesnotplanto internal-
izeeconomicbenefitassessmentin theoptimization,but insteadacknowledgestheroleof negotiators
in decidingthepolitically mostappropriateenvironmentalambitionlevel. ThismeansthatMERLIN
will includeaneconomicevaluationof thebenefitof reducingthe environmentalimpactof the air
pollutantsin thesearchfor optimalemissioncontrols.In this respect,thecomparisonof theresults
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Table2.1: Main similaritiesanddifferencesbetweenthe IIASA-DNMI contractandtheMERLIN
projectfor integratedassessmentmodelingin Europe.
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from thesetwo projectscanbroadenthe scientificbasisfor a political discussionaboutthe role of
optimizationconceptsin Europeanair qualitypolicy.

Another substantial difference is the approachchosenfor determinationof cost-effectiveness.
Basedoncountry-andtechnology-specific sectoralanalysis,thepresentsetupof theIIASA-RAINS
modelconsiderscost-curvesandtherebydecisionvariablesof theoptimizationproblemonacountry-
by-countrybasis.TheMERLIN-OMEGA-2 systemusesrepresentationsof sectoralabatementmea-
suresasbuilding blocksto setup efficient reductionstrategies.Both approachesarevalid andcom-
plementeachother. Theactualimprovementfor integratedassessmentmodelsthatwill beachieved
by the MERLIN projectis to have the possibilityof choosingbetweenanoptimizationaddressing
nationalmeasuresandanoptimizationof Europe-widesectoralmeasures.

The third substantial differenceconcernsthe inclusionof urbanair quality in integratedassess-
ment. MERLIN proposesto assessthe impactsof regional air quality control strategies in urban
areasby couplingtwo different typesof urbanmodelswith a regional scalemodel in an iterative
way. The IIASA-DNMI contribution exploresinsteadwhich informationabouturbanair quality
needsto beincludedinto a Europe-widecost-effectivenessanalysis.Througha Europe-widemodel
inter-comparisonorganizedby theJointResearchCenter(JRC)at Ispra,theresponsesof urbanair
quality towardschangesin regional andurbanemissionswill beexploredandthe findingswill be
introducedinto theRAINS integratedassessmentframework. It is envisagedthattheurbanmodeling
teamin MERLIN will participatein thecity modelinter-comparisoncoordinatedby JRCandbenefit
from thediscussiononurbanintegratedassessmentcarriedoutundertheIIASA-DNMI contract.

Otherdifferences,like the inclusionof greenhousegasesandheavy metalsin the pollutantanaly-
sisor theinclusionof materialdamagein theanalysisof effects,arenotsubstantialin nature,asboth
modelingsystemsarein principlepreparedto dealwith these.

In summary, the two projectscomplementeachother in their cost-effectivenessanalysis. MER-
LIN providesadifferentapproachwith cost-benefitassessmentandthetwo projectscanbenefitfrom
eachother in the developmentof requirementsfor urbanintegratedassessment.Their envisaged
addedcontributions,togetherwith thework onemissionscenariosandintegratedassessmentcarried
outby theEuropeanEnvironmentAgency (EEA)andtheworkby modelinggroupsandstake-holders
atnationallevel, shouldprovide asolidbasisfor therevision of Europeanair qualitystrategies.

2.2 The IIASA-DNMI contract

The IIASA-DNMI contractprovided bt the EuropeanCommissionunderLOT10 “Preparatoryac-
tionsin thepublichealthandenvironmentalpolicy sector”focusesoncost-effective strategiesfor re-
ducinghealthimpactscausedby fineparticulatematter. This includesananalysisof theinteractions
of particleswith otherpollutantssuchasozoneandsulphurdioxide. It alsoinvolvestheassessment
of interactionsbetweenregional andurbanair pollution. Progressreportsandinformationon this
projectcanbefoundat http://www.iiasa.ac.at/˜rains/index.html.

Cost-effectivenessin RAINS

Theprojectaimsat extendingtheanalyticalcapabilitiesof theRAINS modelby carryingout a sys-
tematicstudyof non-linearitiesin the air concentrationsof primary andsecondarycomponentsof
ParticulateMatterdueto changesin primaryemissionsof particlesandprecursorgases.Regionalair
concentrationfieldsarecalculatedwith theEMEP/MSC-Wmodeldevelopedat DNMI.

Different emissionsscenariosare usedas a basisto derive source-receptorrelationshipsand are
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calculatedon a country-by-countrybasisfor the RAINS model. Non-linearresponsesin air con-
centrationsdueto emissionchangesaremainlydueto thecomplexity (non-linearity)of atmospheric
photo-chemistryandto a lesserdegreeto thenumericaltreatmentof atmospherictransportanddis-
persion.Thesystematicanalysisof thesenon-linearresponsesservesto identify critical interactions
on the impactsandin relationto atmosphericprocessesandthuscontributesto improve the relia-
bility of the transportmodelsusedin integratedassessment.The datasamplewill also IIASA to
developa reduced-formstatisticalmodelthat is requiredby theRAINS modelfor thesimulationof
atmospherictransport.

The inclusion of urban air quality

In collaborationwith the Joint ResearchCenter(JRC)at Ispra, the projectproposesan European
wide city modelinginter-comparison.Thegoal is to determinethe influenceof regionalandurban
scaleemissionreductionsonurbanconcentrationsof ozoneandparticulatematterfor selectedcities
in Europe.This requiresasystematicanalysisof theinteractionsbetweenchemistryandtransportat
differentscalesandaninterpretationof thenon-linearresponsesto emissionchanges.

The main focusof the model inter-comparisonwill be on the responseof urbanair quality to re-
ducedemissionsaspredictedby thedifferentparticipatingurbanandregional transportmodels.In
this way, the rangeof modelresponsesto emissionchangescanbe identifiedandtheuncertainties
in atmospherictransportmodelingcanbe determined.JRCis presentlyworking on the selection
of thetemporalandspatialcoverageof the inter-comparisonto allow a discussionon theEuropean
representativenessof theresults.

It isdesirablethattheurbanmodelingteamin MERLIN participatesin thiscity modelinter-comparison
coordinatedby JRC.Thestatisticalcapabilityof theOFISmodelto provide long-termsimulations
andthepossibilitiesof theEulerianmesoscaleapproachfrom theEuropeanZoomingModel (EZM)
will beusefulin thediscussionof theEuropeanrepresentativenessof theresults.At thesametime,it
is expectedthattheparticipantsfrom MERLIN will benefitfrom theunderlyingdiscussiononurban
integratedassessmentcarriedoutunderthis IIASA-DNMI contract.

2.3 MERLIN Project

The MERLIN project (Multi-pollutant, Multi-Effect Assessmentof EuropeanAir Pollution Con-
trol Strategies: anIntegratedApproach)aimsat thedevelopmentandapplicationof methodologies
andtools for integratedassessmentin Europe.Thesemethodologieswill be implementedboth for
cost-effectivenessand for cost-benefitassessment,thusallowing for comparisonof thesetwo ap-
proaches.More informationon theMERLIN canbefoundin theprojectwebsiteat http://www.ier.
uni-stuttgart.de/merlin

Cost-effectivenessin MERLIN

Cost-effectivenessis determinedin MERLIN with the helpof the optimizationmodelOMEGA-2.
Thereare a seriesof differencesbetweenOMEGA-2 and the RAINS optimizationmodule. The
mostimportantdifferenceis theway how abatementmeasuresareevaluatedandtaken into account
in the optimizationprocess.While RAINS usescountry-andtechnology-specificabatementcost
curves, MERLIN considersthe costsof individual sectormeasuresand combinationof measures
acrossEuropeancountriesfor aniterative optimisationapproach.Bothmodelsforeseetechnicaland
non-technicalmeasures,andboth.

OMEGA-2andRAINSuselong-termsource-receptorrelationshipscalculatedwith theEMEP/MSC-
W chemicaltransportsmodels.Howeverthesesource-receptorrelationshipsarenotthesamefor both
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casesbut requirea separateevaluationof the modelresponsesto emissionchanges.The resulting
two setsof source-receptorrelationshipscomplementeachotherandallow a cross-examinationof
thepresentunderstandingof thenon-linearresponsesfrom chemicalandphysicalprocessesto emis-
sionchanges.They providealsoarelevantinputto theevaluationof thedifferencesbetweenregional
andurbanscaleresponsesto emissionchanges.As statedbefore,MERLIN canbenefitfrom thedis-
cussionon urbanscaleintegratedassessmentenvisagedunderthe IIASA-DNMI contractandcan
contributewith theanalysisof Europeancitiescarriedoutby theOFISandEZN (EuropeanZooming
Model)modelsfrom theUniversityof Thessaloniki.

In MERLIN, measuresto reducegreenhousegasesareexplicitly analyzed.With theIIASA/RAINS
model,theanalysisof synergieswith greenhousegasemissionreductionis regularly conductedin
conjunctionwith theNationalTechnicalUniversityof Athensandundertheauspicesof theEuropean
EnvironmentalAgency. As many measuresreducegreenhousegasesaswell asotherpollutants,it is
interestingto notethatbothmodelingapproacheshavedevelopedmethodologiesto includethestudy
of synergieswith climatechange.

The inclusionof materialdamageand heavy metalsanalysiscompletethe study proposedin the
MERLIN project. Theseinclusionsrequireadditionaleffort on theevaluationof indicatorsfor ma-
terial damageandon the upgradingof the EMEP/MSC-Wchemicaltransportmodelto derive the
atmosphericdispersionof lead,cadmiumandmercury. Suchadvancesin themethodologicaltools
can be easily incorporatedby other integratedassessmentmodelsand in this way MERLIN can
contributeto thefurtherdevelopmentof theRAINS model.

Cost-benefitassessmentin MERLIN

The basicdifferencebetweenthe two approachesis the fact that MERLIN includesa cost-benefit
assessmentandan monetaryevaluationof the effectsof the abatementmeasures.The analysisin
MERLIN aimsto balancethe costsof reducingemissionswith the monetarybenefitsof reducing
their impacts.Themonetaryvaluesof theavoideddamageby air pollution control in thedifferent
countriesare determinedin MERLIN by using a complex tool calledECOSENSEdevelopedby
IER (Universityof Stuttgart)in theframeof theExternEprojectseriessupportedby DG Research.
A further specialfeatureof the project is the inclusion of macroeconomiceffects. By coupling
OMEGA-2 to a partialequilibriummodel,somestatementson the impactsof abatementstrategies
on unemployment andon economicgrowth in the differentcountriescanbe made. Furthermore,
the impactsof pollution control strategieson incomedistribution canbe investigated.In this way,
MERLIN will bring thepossibility to consideranalternative approachto thewell establishedcost-
effectivenesspolicy andbroadenthescientificbasisfor the strategy discussionsfor the revision of
air qualitypoliciesby 2004.


