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I.INTRODUCTION

1. This report describes the results of the workshoprcertainty treatment of
integrated assessment of air pollution and clirstittegies organised by the Task
Force on Integrated Assessment Modelling and theMEACS-project, held from 3 to
4 November 2010 at the International InstituteApplied Systems Analysis (IIASA)
in Laxenburg, Austria. The presentations made duhe meeting and the reports
presented are available http://gains.iiasa.ac.at/index.php/tfiam/past-tfiaraetings

2. Sixty experts attended, representing the followagties to the Convention:
Austria, Belarus, Belgium, Czech Republic, Crodfaland, France, Ireland, Italy,
Netherlands, Serbia, Spain, Sweden and The Unitegddm of Great Britain and
Northern Ireland. Also the Expert Group on Techmoiomic Issues (EGTEI), the
Network of Experts on Benefits and Economic Insteats (NEBEI), the Co-
operative Programme for monitoring and evaluatibthe long-range transmissions
of air pollutants in Europe (EMEP), the EMEP Cerfor Integrated Assessment
Modelling (CIAM), the EMEP Meteorogical Synthesi@gntre-West (MSC-W), the
Coordination Centre for Effects (CCE), the Worldatlle Organisation (WHO), the
European Commission, the Institute for Environmke8testainability of the Joint
Research Centre of the European Commission, thepEan Environmental Bureau
(EEB), CONCAWE, and the Union of the European Eleity Industry
(EURELECTRIC) were represented. A representativenfthe Executive Body of the
Convention and the UNECE-secretariat also attended.

3. Mr. R. Maas (Netherlands) chaired the meeting.

II. OBJECTIVESOF THE MEETING

4. The purposes of the workshop were:

* To review the main sources of uncertainty in indegt assessment
modelling;

e To identify approaches for treating uncertaintied tor risk management
strategies in the context of the revision of thélf®@aburg Protocol,

* To discuss possibilities for improved communicatbdruncertainties to
decision makers.



5. The meeting was reminded of insights gained frorfiezavorkshops on
uncertainties in integrated assessment modellingaf lesson learnt at the TFIAM-
uncertainty workshop in 2002 was that policy makergontrast to scientists, are less
interested in detailed quantitative statistics almeertainties, but rather in robust
strategies that do not significantly change duehtanges in uncertain model elements.
A systematic approach to uncertainties was consitienportant for establishing
confidence in model results. Such an approachldltbffierentiate between the
reducible and the irreducible uncertainties. Rermost significant sources of
reducible uncertainties, it should determine by mouch further scientific effort

could increase the robustness of the models. rfaatucible uncertainties, sensitivity
analyses should be conducted for different asswmgti These should be made
explicit and, where they significantly influenceetihodel outcome, alternative
scenarios should be explored.

6. The 2010 workshop of the Network of National Integd Assessment Modellers
(NIAM) re-iterated the importance of sensitivityadyses to explore the effects of
possible systematic biases that might emerge frigsing data, model

simplifications, incomplete scientific understarglend assumptions about the future.

1. WHAT DO WE WANT TO KNOW ABOUT UNCERTAINTIES?
Per spectives from stakeholders and decision makers

7. Different stakeholder groups share concerns abaegrtainties, although with
different perspectives. Industrial stakeholderpleasized their interest in avoiding
regret investments, especially of expensive pati@asures. Particular concerns relate
to a too narrow scope of sensitivity analyses (&.gmited to energy scenarios with
rather similar assumptions on future economic dgyakent), too short time scales

that do not fully grasp the dynamics of the turrasfethe capital stock, and too

limited consideration of alternative hypotheseshealth impacts of different
components of particulate matter.

8. In contrast, non-governmental environmental orgatiuas are concerned about
insufficient health and environmental protectioonfrmodelled emission control
strategies. These could results from too pessitrasumptions on achievable
emission reductions, e.g., due to limited consitil@neof the potential offered by
technological progress, the ongoing renewal oftehptock, and behavioural
changes.

9. To bridge these concerns and to develop robudegties, decision makers are
faced with three basic questions: Is there confiden (1) the basic science (Is there
a problem?), (2) the size of the effect (How bithis problem?), and (3) the
effectiveness of policy measures (What is the thsi policy measures prove to be
wrong or insufficient later on?).



10. Integrated assessment modelling offers a good frenmiefor identifying critical
elements of uncertainty, translating them intogplisks, and developing risk
management approaches.

11. The workshop identified key uncertainties that@xecial for the development of
robust policy conclusions. These include basic tagdies about the future
economic development; the effectiveness of endrggsport and agricultural policies
assumed in the baseline; possible changes in noébdgaral conditions due to climate
change; the impacts of pollution on human healththe environment; and the
effectiveness and costs of abatement options ferggad transport and agriculture).

12. Good communication between integrated assessmetelias, stakeholders and
decision makers on uncertainties and policy ris&s wonsidered to be important,
both at the national and the international scateedttainty analysis should not be
placed at the end of the assessment process, dultidorm an integral part of the
workplan for modelling and policy development. Iiigaa wide range of scenarios
needs to be investigated that cover broad rangdgseohdicators and parameters that
are uncertain, with established priorities.

IV.CLASSIFICATION OF UNCERTAINTIESAND RISKS

13. A variety of classifications of the types of une@nties have been proposed in the
scientific literature, and different approachesgdntify and manage risks have been
developed.

14. The approach used in the Netherlands distinguighesrtainties in data, in

model structures and in expert judgements, asasgdbiases due to the chosen system
boundaries and the choice of output indicators. &ancertainties could be reduced
by more research, but uncertainties due to inpuabiity, lack of knowledge or
recognised ignorance will always remain to somemtxtand have to be taken into
account in the decision making process.

15. When stakes are high and scientific knowledge isignous, a good process for
managing scientific uncertainties should acknowteiggorance in understanding and
provide tolerance towards opposing perspectivesutin cases the available
information on uncertainties should be considermedraasset. Translated into
associated policy risks, the knowledge of existingertainties make important
contributions to the policy process.

16. Thus, extended peer review on knowledge inputscedestl space for dissident
views and regular reviews and revisions of scieara policy strategies are key
elements of the approach to uncertainties adoptéuki Netherlands. The Netherlands
Environmental Assessment Agency has institutioedlizest practices in uncertainty
communications through guidance documents andfspeoiurses.



17. The UK hazard assessment methodology (HAZOP) engdsaghe importance of
side-effects of policy measures. Integrated assesismodelling can systematically
explore such side effects that are often overlooked

V. REVIEW OF UNCERTAINTIESOF MODELLING ELEMENTS

18. The workshop reviewed key uncertainties of theatsgimodel elements, and
how they would influence the robustness of overalicy conclusions from the
integrated assessment modelling.

19. Key uncertainties in scenarios of future energy(esg., those developed with the
PRIMES model) originate both from continuous mamifions of historical statistical
data (as they influence the modelled future behawd the different actors) as well
as from assumptions about future driving forceg.{(@acro-economic development,
energy world market prices, technological progressietrospect, baseline energy
scenarios developed over the last decade changadd®eof (i) different prospects on
economic development, (i) more optimistic assuomion technological
development (e.g., on carbon capture and storéggrie vehicles), and (iii)) new
legislation on climate change. However, the extenthich new legislation will
effectively change the future development is uraeyrtand thus the assumption of
successful implementation of existing policies barseen as a systematic bias in
baseline projections.

20. Along the same line, agricultural projections (etlgose developed with the
CAPRI-model) prove sensitive towards policy inittas that are assumed in these
projections. As in the model the assumed effectigsrof legislation — and thus the
basic response of agricultural actors to policgnmentions - is based on expert
judgement, agricultural baseline projections arergfly influenced by the current
perception among European Community experts. Eapeei shows that expert
perception is often dominated by the current stahgsby very recent events with a
tendency to underestimate the potential for sigaift and structural changes in the
longer term. Along these lines, current baselirggations in CAPRI do not consider
potential disruptions of historic trends, suchadden changes in diets, agricultural
subsidies, or abandoning of overfertilisation.

21. The transport sector, as modelled by the COPERTemptbvides a prime
example of emission control regulations that hasefuily achieved the desired
outcomes. While earlier versions of the COPERT rhedw®loyed the designed
efficiency of NQ-control measures, higher real life emissions H@een observed for
a.o. Euro-3 vehicles, inter alia as a consequehddferent driving patterns in reality
as compared with the regulatory test cycle. Fowheaty vehicles, the SCR-
equipment proved to be malfunctioning at low terapges, leading at lower speed to
50% higher N@-emissions than estimated on the basis of theyes. While the
effect on total national emission is estimated f@&vapercent, the effect on urban
emissions and concentrations could be substankigglyer, and represents a major
area of uncertainty in projections of emissions laadl air quality.



22. Atmospheric dispersion models embody a vast arfagientific understanding
of physical and chemical processes, although thkwalvays remain an incomplete
representation of reality. Obviously, new scientresearch is constantly improving
much of this understanding while opening new qoesti Thus, the EMEP model
which provides quantifications of atmospheric drspmn characteristics to the
GAINS integrated assessment is constantly beingtepdo incorporate recent
scientific findings.

23. The source-receptor relationships incorporatedAtNS have been derived from
an EMEP model version of 2006, and the EMEP modslldeen updated in several
respects since then. Model intercomparison - d@epeed under Eurodelta and the
Task Force on Measurement and Modelling - is arkethod of uncertainty
assessment in atmospheric models. Model intercasguer show that grid average
depositions from the original model as well as fropaated versions are generally
well within the range produced by other models.gBithe uncertainties related to the
quality and representativeness of available deposimonitoring data, it is difficult to
unambiguously establish the superiority of diffénerodel versions. Thus, the
workshop concluded that the source receptor matdeeived from the 2006-model
version could still be used for integrated assesssrfer the revision of the
Gothenburg Protocol.

24. Scientific progress was also made in quantifyiregygansitivity of ecosystems
towards acidification and eutrophication. In aduiti national focal centres provided
critical loads estimates with finer spatial reswlng so that at the moment the
European critical loads database holds approximat8I million data points. With all
these refinements, however, the current map atalitbads does not differ
significantly from the one used 10 years ago, wipiglvides a sense of robustness of
these estimates. The robustness had been furthanesd by analyzing the
implications of empirically determined critical lds, which provides an independent
alternative methodological approach. One remaiameg of uncertainty in this area is
the environmental consequences of exceedancesgicdldoads and the
establishment of deposition-response relationdegding ultimately to a
guantification of effects.

25. Numerous new studies have focused on the quantittiicaf health impacts from
air pollution. While earlier studies showed heattipacts of short-term ozone
episodes, new research suggests an associatioadrepsremature mortality and long-
term ozone exposure. Thus, health impacts frome@nauld be systematically
underestimated by analyses that rely only on sieont-time series studies, as was
done by the GAINS model before. The workshop recemuied exploring this aspect
through ex-post analyses.

26. For particulate matter, despite a large body of sewntific studies, uncertainties
prevail about the relative toxicities of the vasatomponents. The assumption of
equal toxicity should be considered as a cautippsaach, although the implications
on cost-effective mitigation strategies should lnher explored in targeted
sensitivity analyses. However, the holistic pergipeaf the multi-effect approach



that combines health and vegetation concerns rsaga practical and powerful way
to minimize overall uncertainties of strategied thalude multiple pollutants.

27. An additional source of uncertainty is relatedrie limited spatial resolution of
European wide atmospheric models. As also locakorea could reduce population
exposure at the sub-grid scale, integrated assessmeuld develop methodologies
that could provide robust assignments of effegbiokcy actions at the local, national,
international and inter-continental scales.

28. In addition to the uncertainties in the previoudpaf the causality chain, cost-
benefit analysis faces uncertainties in the vaduatif impacts. Current estimates
relate about 90% of the economic damage to hetitbte, mainly determined by the
valuation of mortality. Five percent of total daneag estimated for crops and five
percent from damage to materials. However, thesma&®s are incomplete as there is
no accepted method yet to estimate the damage pbliition to ecosystem services
and cultural heritage. It was recommended to feaumsitivity analysis on alternative
assumptions for the valuation of mortality and ab@nt costs.

VI.HOW TO INCREASE THE ROBUSTNESS OF POLICY?

29. Experiences from the UK demonstrated that recevémmnent projections were
mainly focussed on alternative trajectories towgnol#tically desired low emission
pathways, although these pathways represent dnfcton of the full uncertainty
margin that was derived by Monte-Carlo analysissésh a narrow focus could entalil
business risks for investments in the energy seittaas recommended to consider a
broader range of baseline scenarios, includingscagté potential policy failures.

30. A study for Belarus highlights a large variabilitythe costs of abatement
measures across different plants within the sami®isdt was recommended to base
policy strategies not only on average unit abatéroests, but consider the probability
distribution.

31. It was found that a solid understanding and quiaatibn of uncertainties
provides certainly useful information for policygaiations. However, as many
uncertainties are genuinely irreducible, therenignderest on how these unavoidable
uncertainties could be managed in order to deobest policy conclusions. One
option, which was not explored at length in thetpasuld provide increased
flexibility in the implementation of cost-effectivamission control agreements.

32. Future emission targets, if expressed in absokitags, suffer from

uncertainties in current emission inventories. €ufremission estimates of particulate
matter showed much larger uncertainties than estgrfar SQ and NQ. These
uncertainties could be quantified based on methectsmmended in the emission
inventories guidebook. In the future, satelliteatations could provide additional



means to confirm suggested trends in emissiortgmudh it will remain a challenge to
derive absolute levels of emissions with such tephes.

33. Within the UN-Framework Convention on Climate Chamglative emission
reduction targets (%) have been accepted as aonN@anidle uncertainties in
greenhouse gas emission inventories at the tima wWieeagreement is signed. This
provides Parties with more time to refine theifraates, but requires elaborate
validation procedures to avoid biased correctidgsemission estimates of particulate
matter are similarly uncertain, this model couldablepted for a revised Gothenburg
Protocol too. Alternatively, newly detected emisssmurces or significantly modified
emission factors for known sources could be exdudem agreed emission ceilings,
as to not discourage parties from further improveimef their emission inventories.

34. In order to deal with uncertainties due to ecorwamd meteorological
fluctuations, emission ceilings could be set f@ #iverage of consecutive three years,
instead of one single target year.

35. Target setting with GAINS could possibly give moobust results when the gap
closure approach was based on (more certain) le@sevglues, rather than on
uncertain target year projections including currauitcies.

36. It was recommended to explore the implicationsitiédent energy and
agriculture baselines including a hypothetical mligy case, a more ambitious
climate policy case and a case with distinctiveffedent consumer preferences,
possibly induced by economic incentives.

37. In recent negotiations, emission ceilings for vasipollutants have been
negotiated based on a series of cost-effectivearemyses with the GAINS model.
While environmental targets for the different effebave been agreed upon by the
Parties, reductions for different pollutants haeerdetermined based on information
on mitigation costs that depend crucially on theuased baseline economic
development. However, these aspects are assowdtedonsiderable uncertainties

38. CIAM presented an exploratory analysis of to whaést Parties could swap
emission reductions between different pollutantheésame country without
compromising environmental integrity. This woulapide some form of flexibility to
Parties to adjust ex-post for, e.g., a differemin@enic development once a set of
emission ceilings has been agreed upon while safdmg the originally envisaged
environmental improvement. Analysis with the GAHN®del showed space for
pollutant swapping within a country through welfided ‘exchange rates’ that are
derived from information about atmospheric dispgrsand environmental
sensitivities. Pollutant swapping would not necelshave to be executed via
complex emission trading systems, but could beopexd by national redistribution
of emission reduction efforts according to courgpgcific exchange rates that could
form an integral part of the agreement on emiss@lings. The design of this



specific flexibility would however have certain litations. For example, NQvould
not be ‘swappable’ given its impact on the varietfects in the process. Exchange
rates should be established in a conservative maomasure that agreed health and
ecosystems targets are met.

39. In general participants welcomed the analysesffdifferent options for
providing more flexibility for compliance with ensi®n ceilings, although potential
legal challenges would need further exploration.

40. The workshop concluded that acceptance of restiltgagrated assessment
models will be enhanced not only through stakehdldelvement, model
transparency, and enhanced sensitivity analysés|$m by exploring suitable
arrangements that provide flexibilities in implertieg agreed policies.

VIl. CONCLUSIONS

41. While the workshop offered a long list of uncertalaments in integrated
assessment modelling, this should not lead todhelasion that current modelling
tools are not useable in a policy context. In gahre data base, the modelling
framework and the methods to develop targets wamsidered fit for purpose of
providing robust information for air pollution aleatent strategies. In particular,
experts confirm their confidence about the harnrfydacts of air pollution on health
and ecosystems, and that there is scope for clesttieE improvements.

42. Scientific knowledge will develop further and wiflost likely provide new
answers, but also create new questions and unugF&iA regular review of data and
knowledge was recommended. Uncertainty analysiategrated assessment
modellers could provide directions to future nagilband international research
programs to tackle salient sources of uncertainty.

43. It is important to establish confidence that no amant environmental problem is
overlooked and that suggested costly policy measuoeild not be regretted later.
Sensitivity analysis can help to establish the stiess of policy strategies.
Sensitivity analyses should not be done at theoéioe policy process. Sufficient
resources would be required to ensure that selgitisns accompany scenarios made
during the whole process.

44. Priority should be given to analysing a broadegeaof baselines with time
horizons extending beyond 2020, including casels mibre ambitious climate
policies as well as with policy failures. Furthemagsensitivity analyses should
address implications of alternative hypotheses ath@&utoxicity of different species
of particulate matter, of higher real life emissiaf vehicles and of new information
on the potentials and costs for ammonia abatement.



45. Communication with decision makers will be esserdiabuilding trust in
messages from scientists, to improve on the comeation of uncertainties and to
manage resulting policy risks.

46. The workshop concluded that the robustness of emnisilings based strategies
could be enhanced by creating more flexibility amigving the emission ceilings,
including possible mechanisms to adjust for différmconomic developments,
relative reduction targets for uncertain sourcas@ocedures to deal with new
sources and significantly revised estimates forssians from known sources.

47. Participants of the workshop were invited to pdavihe Chair and the secretariat
in writing their further input to the discussion oncertainty treatment and the
development of an extended list of elements fahirresearch and uncertainty
analysis. From this list, priorities within the @dahle time schedule and resources
should be selected.

VIIl. PROGRESS OF TFIAM-WORK

48. The revision of the Gothenburg protocol is enviskigebe agreed upon in
December 2011, so that the Working Group on Stresesnd Review should decide
upon new emission ceilings by September 2011. Cigbbntinuing its work on
modelling short term climate forcers, and a repolitbe finalised in January 2011.

49. During its 47th session (August 30 — Sept 2) theRivig Group on Strategies
and Review requested the Task Force to explordiaddi options for target setting.
CIAM would present a ‘hybrid option’ based on th#tions 3, 4 as well as 2 of the
CIAM report 1/2010) at the $9meeting of the Task Force in February 2011. CIAM
would analyse ambition levels between 25% and 7b8teogap between current
legislation and maximum feasible reductions.

50. Country data of the target setting options develdpes far would be made
available by end of November 2010.

51. During its next meeting the Task Force will ideptibatement measures that
would result in substantial further environmentaprovements. The Task Force took
note of the methodology developed by Italy to tlatesthe emission limit values in
the draft technical annexes as proposed by therEégpeup on Techno-Economic
Issues. CIAM would work further with Italy to dewgl GAINS scenarios for each of
the three ambition levels in the technical annexes.

52. The Task Force on Reactive Nitrogen had updateskiimmates on ammonia
abatement costs. Practical experience in a gromumgber of countries suggests that



low efficiency manure storage options and spreagifigcoming less expensive over
time, while costs for high efficiency storage opsare higher than previously
estimated. CIAM will look at the possibilities tmplement this new information in
GAINS, but need to await outcomes of the discussmithe applicability of various
options. However, the timeline of the Task ForceRaactive Nitrogen would not be
in line with the planned development of the ‘hyladget setting options’ by CIAM.

53. CIAM will make emission data available to the WadsiGroup on Effects for the
ex-post analysis of the environmental impacts eft@ment strategies. While
emissions for the baseline and the maximum feas#alection cases are already
available, after April 2011 a new set of emissioargrios will be made available that
covers the range of ambition levels being discusgdun the Working Group on
Strategies and Review.

54. The Network of Experts on Benefits and Economi¢rimeents (NEBEI) would

in collaboration with TFIAM-experts finalize the dgte of the guidance document on
economic instruments. The workshop took note dcdtalthse of policy measures
developed by Ireland and availablewatyw.policymeasures.contExperts were

invited to add information to this website.

55. The 39" meeting of the Task Force would be held in Stobkh@3-25
February 2011 and the @@neeting in Oslo, 18-20 May 2011.
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