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Impact of Climate Change on Air Quality
4™ ACCENT Barnsdale Expert Workshop

1. Executive Summary

Climate change is already uponiuthe first 2007 IPCGScientific Report provides near
certainty that it is happening together with ample evidence to show that it is induced by
human activities. Climate change is a consequence of the increased concentrations of
CO, and other radiatively active trace gastsgeher with particulate matter in the
global atmosphere. The overall effect is to entrap energy in the lower atmosphere,
increasing the average surface temperatingeasing the intensity of the circulation

and probably changing the general pattern of weather systems themselves, with
direct consequences for us who live on the surface.

Air quality dependsthe trace gas emissions from the biosphere and from human
activities, the chemical reactions which govern the concentrations of trace species in the
atmosphere, andn thetemperature and theeather systemsAll these processes will

be affected by the changes in temperature and circulation, so air quality is likely to be
subject to appreciable changes as well. And ithedded to therobableincreass in
humanproduced emissions due to the necessary increases in industrial activity as we
attempt to cope with the Bhfs ever increasing population.

While some qualitative effects of climate change on air quality can be imagined, the
detailed response ff@ny particular place or region is far from clear. In the future, the
majority of the parameters within the models used to encompass our understanding of
air quality will change as the climate changes, as will the emissions and the land use
which governsmany of them. Whether the models which have been developed and
tested within the present climate are flexible enough to cope with the changes is,
necessarily, an open question. Thus much intensive research work, both observational
and modelling, will be mguired to ensure that our understanding keeps pace with the
changes so that, if possible, more extreme consequences can be predicted and possibly
avoided.

It was within this context that the ACCENT"8Barnsdale expert workshop dhe
Impact of Climate Chage on Air Quality(CCAQ) was initiated. The workshop was
held under the auspices of six ACCENT groufsiscess to Emission Data, Access to
Laboratory Data, Aerosols, Remote Sensing from Space (AT2), BIAFLUX, Modelling
and Transport and Transformation oblRitants (T&TP) The meetingg1 was held at the
Barnsdale Hall Hotel in Rutlandn Monday to Wednesday, thé” o the ' of
November 2007. Some 45 experts attendédpéndix ).

The meeting was organised around four discussion groups, addressing thareego

of concern.The workshop Appendix 2 started with a plenartalk on each topic. The
major part of the meeting was taken up with group discussions, the participants
reassembling to consider the recommendations from each grbespEakers, chairs,
rapporteurs and participants received detailed instructions to try to ensure that the
discussions were as productive as possiyppéndix3). The following conclusions and
recommendations emerged from the three discussion groups.
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1.1 Investigating changes in photeoxidants, precursors and feedback
mechanisms

1.1.1 Emissions

* Scenarios should be developed which not only take into account actudirectd
future anthropogenic and biogenemissions butwhich also try to implement
downstream humamduced banges related to emission control and {asd
change.

* In situand remote measurement techniques for the analysis of the whole range of
biogenic VOCs (i.e. isoprene, monoterpenes, sesquiterpenes) should be developed
in order to give a longer term perspeeton change in the oxidative environment.

* Emission inventories for biogenic VOCs should be improved both on the spatial
and temporal scaland be expanded to include speciated terpenoids of higher
carbon number

* Usage of satellites to assess both natmdlbiogenic emissions of VOGas.g. via
oxidation productsshould be seen as a key tool in detecting directly climate
induced responses with influence on phoxwdants

* Potential emissionis hitherto remote regions, for examplew shiging routes in
the Arctic ("NorthWestPassage") should be exploradd their longrange impact
on the European and US bound&yer concentrations should be fully explared

* Usage ofin situand remote measurements to observe-lasalchange related to a
warmer climate(due to natural processes and anthropogenic activities (bio fuel
prodiction/sequestrationshould be integrated fully with biogenic emissions
inventories

1.1.2 Chemicalprocesses

* Continuous measurements of tracer compowhasild beused for determinatio
of changes related to theng term trends imeactivity of the atmosphere Iy situ
and remote techniques. Potential candidates are:

- peroxides antheir precursors
- HCHO,

- PAN,

- organic nitratesand

- oxygenated VOCs

* Development of improved structure ti@dy relationship (SARs), to model
degradtion pathways and reactivities especially for the higher molecular biogenic
compounds, such as terpenes and sesquitergeagsquired

* Developmentand validationof Arrhenius expressionfor rate constant®ver
wider temperature rangehan at present is needed

* Investigation of reaction rates of ROM@rganic nitrates) with highecarbon
number.

* Investigation  of exact reaction pathways of alkoxy radicals
(isomerisation/degradation).

* Development of atmospherahemistry models (regional and global) capable of
handling reactionsat increased temperatures, sayto 40°C.
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1.1.3 Dynamics

* Combination ofsatellite and grountiased observations to detect changes in
dynamic processes in the atmosphere.

* The use of eXit modelsto explain and forecast air pollution issuegher than
adaptingnumerical weather forecastodelsfor this purpose.

* Knowledge of the ertical distribution of air pollutants and informatiom o
boundaries between differembwer layers of theatmosphere and exchange
processes should lmproved

* The use of ontinuous vertical observation platforms should be enfoed
extended to reactive photochemical speciEsamples are: lonterm aicraft
campaigns €.9g. CARIBIC), balloon soundings, zpplins,and the use ohigh-
tower networks

1.1.4 General

Heat wave eventsuch aghoseexperienced in Europe in 2008an be importanin
guiding our thinking and understanding of photochemistriutiare climates [Scharet

al., 2004. Observations inuch events are limited to only those made continuously and
those where there is serendipitous coincidence of -shiont activity with extreme
event.

* The European capacity to undertake responsive and -teort detailed
observationand modellingcampaignsof extreme pollution episodeshould be
enhanced

1.2 Investigating changes in surfacestmosphere interactions

1.2.1 Oceans andce

* To better predict the impact of climate change on polar and espe&ialig air
quality, improved mdelling of sea ice dyamics is required. Measurement
campaignsanda continuous monitoring of surface halogen ana@centrations
are recommended to complement satellite.data

1.2.2 Soils

* Future research should address extreme events that are likely to affect soil water

conent significantly such as floods and droughts, as these are predicted to occur
more frequently.

* Freezethaw events are known to trigger sprtmge N,O emission pulses, and as
permafrost recedes there is likelihood that wider avalisbe affected by trs
phenomenon, warranting further studies.

* More field dataare needed to demonstrate whether wetlarid, @missions are
already responding to climate changed more generally the glob@H, budget
should be better understood and quantified.

* Integrated remarchefforts should bringogetherdifferent scientific communities
and projects that are currently focusing, with too little interaction, on fields as
wide-ranging asatellitedatg remote sensing and process understanding

1.2.3 Vegetation

* Since majomglobal change factors such @©,, O;, drought and temperature are
known to influence the biogenic source strength of VOCsshwet and long
term responses of VOC emissions to each factor and to their combinations are
required as a priority.
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To better gantify national and global source strengths of VOCs at present and in
future, it is crucial to developspatially resolved vegetation/laluse and
speciation mapat different spatial scales, forming a reliable basis to afstess
projected changespaially and tempordy disaggregated hydrometeorological
data are also need&mlquantify biogenic emissions

An improved understanding of species specific compensation points in vegetation
for NH; and oxygenated VOCs for dominant plant species and landgaearent

in the model domains necessary. @ipled predictive meteorological VOC
emission- air chemistry- transport modelshould be developeidr studying the
impact of biogenic sources on air qualitycorporatingbiogenic processesn
shorter timesales, for applicatiomn smallas well as larger spatial scales.

For the assessment of ozone damage to vegetation, and feedback effects on trace
gas exchange, there clearly is a need to develop a new assessment tool based on
ozone uptake by plants, rathtban the currently used AOT40 exposure approach.

Land use changes: biomass burning, urbanization, agriculture

The esponse of biomass burning to climate changeds to be quantified.
Research is needed dhe net climatic and air quality impacts ofofuel
production and useithin the framework of integrated studies.

As major land use changes are expected in the tropicent and future trends of
biogenic VOC emissions from tropics and their speciasioould be assessed. In
all these researdreas, improvedahd use datasefBner spatial resolution, better
speciation)are required both for present conditions and projected changes.

As megacities develop and since current global estimates of anthropogenic VOC
emissions are based on data froemywfew selected countries from the northern
hemisphere, speciated anthropogenic VOC emissions globalled to be
quantified at different spatial scales, more paitrly in developing countries.

1.2.5 Atmospheric processes: turbulence, energy partitiogyi hydrometeorology

*

1.3

13.1

*

At present the consensus on effectscbimate changeon the frequency of
summestime air quality episodeis that the frequency will increase, but there are
many uncertainties, and studies to tackle this issue need to integrate fnlaay o
aspects, including increased urbanization to agricultural land use changes, and the
need for speciated anthropogenic and biogenic VOCs data to coupled
meteorologicakmissionchemistrytransport modelsAt the ecosystem level, a
better understandingf chemical reactions on vegetation surfaces and inbigle
canopy air spacs needed.

Investigating changes in aerosols and their precursors

Air quality and climate science questions meet on regional scales, and it is on
these scales that key quessoof boundary layer dynamics, convection, and
stability and cloud processes and their simulation, including formation, frequency,
extent and precipitation, must be better understood. For example processing of
aerosols by clouds and wet deposition requaesurate prediction of the cloud

and precipitation frequency and amount.

Inorganic aerosol

Work is needed orto identify current and futurérends in wtrate aerosol
distributiors which depend on the free ammonia availability as well as
temperature.



Overview & Recommendations 11

* An improved understanding of the roles of sulphur and nitrogen in the formation
of organic aerosol is needed to establish the effect on SOA of changingndO
SO, emissions. This is an important topic for the legislator.

1.3.2 Organic aerosol

* Organic aeosol is important as the sources, chemistry, pathways and
biogenic/anthropogenic balance will all respond to future changes in climate
change.Furthermore,it is an important component of local air qualignd
regional aerosol, where betwe80(-70 % of stlbmicron PMmay be organic in
nature.Therefore they preset one of the biggest challengesimpacts of climate
change on air quality through aerosdl®nsidering the many uncertainties in the
understanding, and the likely increase with climate changehmwork is required
to elucidate the fundamental processe®lved in the formation, processing and
precipitation of organic aerosols.

1.2.3 Ultrafine particles

* Whilst the current metric is PM; there is growing evidence that ultrafine particles
are impotant from a human health perspectjiiZmnaldsoret al, 2004. Ultrafine
particle fomation is observed widely in many areas, however, this is very
sensitive to changes in ambient conditioasd is highly nonlinear with
temperature. Considering the poiahteffects of ultrafine particles on human
health, detailed work is needed on their formation and processing.

1.2.4 Aerosols and clouds

* Improved representation of clouds and precipitation processes in global and
regional climate models is much needed a4 as a ktter knowledge oherosol
cycling due tacloud and preciipation processes.

1.2.5 Bioaerosols

* Bioaerosols may well be important sources of ice nuclei and the atmosphere could
well be an important pathway for disease and allergen transport reaobe
particles. Little is known about bioaerosols and their behaviour in the atmosphere.
However, as biological assay methods improve this will be an important area for
needed research.

1.4 Building observation and modelling systems to cope wittuture change

1.4.1 In-situ monitoring

So there are a number of recommendations to make for promoting the implementation
of common air quality and climate change infrastructures.

* Encouraging the current initiatives devoted to a better understanding of the
possibé links between air quality and climate change and promoting their
development. Beyond this objective, they should help to establish common
measurement and modelling practices and databases, worthwhile for both
communities. This is precisely the stake loé project GEOMON funded by the
6™ framework programvgww.geomon.ey

* Informing and involving users, especially policy makers, who could help support
the development of operational networks for monitoring climate change species
by, perhaps, providing &gulatory framework.

* Developing synergies around a key common issue for air quality and climate:
atmospheric aerosols. Better knowledge of aerosol compounds properties is
crucial for elaborating relevant control strategies in both fields.



12 Impact of Climate Change on Air Quality

* Enhancing synergs for the measurement of vertical profiles that are sought by
air quality and climate change scientists. Lidars, sonde networks could be
designed for both, as well as measurement campaigns based on aircrafts and
balloon measurements. This would the ragsamd highlighting of common issues
and developing links between the experts and scientists involved.

1.4.2 Satellitedata
The recommendations are as follows.

* Implementing a satellite earthbservation infrastructure based on both GEO
(geostationary) andBO (low earth orbit) approaches. The former is required for
air quality purposes which require the monitoring of dedicated areas with a high
temporal resolution (ag-situ supersites) Probably one satellite of each type
(GEO and LEO) would be enough feurope, extended to 2 LEO and 3 GEO for
the world.

* Improving some instruments such as GOMEZ2, especially in terms of
spatial resolution. Currently it is about & x 40 km, and a resolution of
20km x 20km can be reached for a better representatioir glality species.

* Filling in the technological gap that should hold from 2012 to 2020 between the
ENVISAT and posiMet-Op systems. This is necessary for the improvement of
CO, and CH global monitoring.

* Promoting integrated coupled approaches by datangatson with in-situ data
and models that will allow taking the best benefits from satellite data.

1.4.3 Modelling

Modelling is considered as an important approach for air quality assessment especially
if it is combined with measurements. It is also tmdy available mean for simulating
future climate, pollution events and for understanding their relationships. Some
recommendations for increasing confidence in modelling for policy making applications
are as follows.

* Reducing uncertainties in coupled ®yst (air quality and climate) with a better
description of dynamics and chemical processes (vertical exchange, cloud
chemistry, aerosol properties, urban meteorology) ;

* Controlling uncertainties describing input parameters in terms of probability
distribuion functions ;

* Improving emission description and quantification, especially biogenic emissions
that are particularly sensitive to climate change ;

* Developing ensemble systems for focused topics (extreme events for instance) to
define the range of possibimodel responses and assess modelling uncertainties ;

* Promoting integrated approaches linking climate, biosphere and atmosphere
systems for a better description of fluxes and concentrations.
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2. Introduction to the 4th Barnsdale Expert Workshop

2.1 Climate change

Climate change is already uponiuand, although two swallows do not make a summer,
the current sequence thfe highest average annual temperatures since records began, as
well as the apparently more frequent occurrence of events linked tonextveather,
provides ever more convincing evidence of its occurrence. firbe 2007 IPCC
Scientific Report provides near certainty that it is happening together with ample
evidence to show that it is induced by human activities. The two subsequent 2@7 IP
reports indicate the likely dire consequences in the medium and longTieenseptics

have largely disappearéccritics now maintain that the reports are too conservative and
the deterioration will be on us sooner, and with worse consequenceshé¢heeports
predict.

Climate change is a consequence of the increased concentrations, @n@@ther
radiatively active trace gasesuch as Ckj O;, CFCsetc and also particulate mattar

the global atmosphere. The effect is to reduce the infraredticadmitted from the

Earth into space, cooling the stratosphere and warming the troposphere. Energy is thus
trapped within the lower atmosphere and the surface temperature rises to restore the
quantity of energy emitted to space. Thus the steady statehial energy received

from the sm roughly equals the loss of energy by radiation into space, is maintained
and the earth again remains at a roughly constant, but increased, temperature. However
the effect of entrapment of energy is not just on temperafline weather systems
transfer energy through the atmosphere from the tropics towards the poles and the
energy contained in these systems must pass through a lower channel in the troposphere
with probable consequent increases in the intensity of weatkeatse In addition, the
changes in surface temperatures and energy transfer are probably changing the general
pattern of the weather systems themselves, with direct consequences for us who live on
the surface.

The immediate short and medium effects of elienchange in the temperate regions of
the planet are likely to be warmer wintersd longer period of very hot weather in
summer.There is likely to be a general increase in the amount of water vapour in the
atmosphere which will probably lead ¢hangedn rainfall patterns, and more intense
episodes of rain and wirid some areasHowever, while i seems as if, where there is
presently enough water there will, at times be too mitdh;likely that, thanks to the
changed circulation patternshere thee is a scarcity of water, there will be too little!

2.2 Response ohir quality to climate change

Air quality depends on the weather systems which circulate the air from place to place,
the trace gas emissions from the biosphere and from human acawvitighe chemical
reactions which govern the concentrations of trace species in the atmosphere. All of
these processes will be affected by the changes in temperature and circulation which
will result from climate change, so air quality is likely to apprel@zhanges as well.
Some of the possible effects are as follows.

* Warmer winters may wehleduce the high pressure stagnation periods which lead
to serious winter pollution.

* Warmer summer temperatures and lengthened growing seasons may increase the
production of biogenic compounds, which may result in increased fhodant
production.
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* Long hot periods in summer are likely to increase ploaidant pollution
episodes such as that suffered in pafsentral and wstern Europe in 2003.

* Changes indnd use, resulting both from climate change itself and the economic
responses to it, will bring changes in both biogenic #&uehanproduced
emissions.

* Any increases in storm frequency will increase the flash frequency of lightning
and the production of §.

* Increased temperature combined in some areas with lower rainfall will increase
the incident of serious forest fires and peat burning, increasing the release of
pollutants, sometimes on a global scale.

* Increased C@will, for some plant species, dace the stomatal openings, thus
reducing the uptake of pollutants such as ozone. This may be good for the plant,
but will maintain an increased concentration of ozone in the air.

And all this added to the increaseshimmanproducedemissions due to theenessary
increases in industrial activity as we attempt to cope with the Earth's ever increasing
population!

2.3 Understandingfuture air quality

While some of the qualitative effects of climate change on air quality can be imagined,
the detailed responger any particular place or region is far from cle@ur experience

of present airquality is encompassed withimodels that use emission estimates,
chemical reaction schemes and our knowledge of plant processewjthin a
meteorological frameworkp predict concentrations of trace substances and aerosols.
To try to ensure reasonable result® predictions are compared with values obtained at
observation stationsHowever, with such an unddetermined problem, it is not
possible to validate the mdden any mathematical sendgevertheless the majority of
models work reasonably well within the present context.

In the futurethe majority ofthe paramets within the model will changas the climate
changes, as will the emissions and the land usehadoverns rany of them. Whether

the models which have been developed and tested within the present climate are flexible
enough to cope with the changes is, necessarily, an open guestion.

Thus much intensive research work is required to ensure that éneiceth schemes
encompass the changing mix of trace substances and aerosols, that the parameters
describing biospheratmosphere interactions cope with changing conditions of
temperature and humidity and with new biogenic species, and that the models
themséves are flexible and are tested under suitable conditions. In addition the input
information such as landse data, biogenic emissions dngnanproducedemissions

need reviewing and updating as the changes develop.

Finally, it should not be forgottendhthe atmospheric sciences have always been and
will continue to be observatiedriven. As the impact of climate change on air quality
increases, it will be through observations that the inadequacies in our understanding are
revealed. Thus observationaletworks and campaigns, together, with improved
instrumentation, are essential if the necessary scientific understanding of the
atmospheric environment is to be maintained and improved.
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2.4 CCAQ Barnsdale Workshop

It was in the context of understanding dbeexpected changes in air quality that the
ACCENT 4" Barnsdale expert workshop dhe mpact of Climate Change on Air
Quality (CCAQ) was initiated. The workshop was held under the auspices of six
ACCENT groups:Access to Emission Data, Access to LabaratData, Aerosols,
Remote Sensing from Space (AT2), BIAFLUX, Modellingnd Transport and
Transformation of Pollutants (T&TP)The meeting was held on Monday, Tuesday
and Wednesday, the"56™ and " of November 2007. Some 45 experts attended
(Appendk 1).

The aims of the CCAQ Workshop were
* to identify and review the key uncertainties in ascertaining the likely effects that

the changing climate will have on air quality, on regional, local and urban ;scales
and

* to provide a basis for future collatadive research priorities in this area.

The meetingvasorganised around guided discussions on four topics:

Topic 1 Investigating changes in phetxidants, precursors and feedback
mechanisms, with changing temperature and land use

Topic 2 Investigatingchanges in surfaegtmosphere interactions with changing
temperature and land use

Topic 3 Investigating changes in aerosols and their precursors with changing
temperature, humidity and land use.

Topic 4 Building observation and modelling systems to cofif the interactions
of air quality and climate change

The groups were asked to consider the following points in their discussions.
- Each topic should consider the effects of changes in emissions, due to changes in
temperature, meteorology and land use.

- While emphasis will be on investigations of potential future changes, topics may
include a consideration of the previous hundred years or so.

- The main issues should be emphasised, within the framework of the Strategy on
Air Pollution and the new exceadce limits to be imposed.

- Topics should include large scale modelling, simulating changing meteorological
fields, as well as detailed modelling and experimental process studies.

- If possible, some attention should be given to how to assess the saartobl
feedbacks in natural and anthropogenic emissions

The CCAQ workshop Appendix 2 started with a plenary session in which theere
invited review papers on each topic. Each was followed by a short response by the
Chair of the particulargroup who femulated the questions to be discussed by that

group.
The groups then separated. The discussions within the groups were managed through
"voxboxes", shortontributionsto the topic under discussions.

The final combined plenary session was devoted to tegmm the Rapporteurs of
each of the Groups and to a general discussion on future directions.

Prior to the meeting, the Speakers, Chairs and Rapporteurs had received detailed
instructions to facilitate productive discussidppendix 3. Each expert pddipant was
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asked to submit a short illustrated account of their contributions for publication in this
report. The main burden at the meeting fell on the Rapporteurs who, with help from the
Chairs, summarised the discussion and formulated the recommesdatio

2.5 The arrangement of the report.

The essential part of the report is the contributions from the four Rapporteurs, giving the
recommendations of their respective groups. The reader can then obtain a perspective of
each discussion topic from the acctsuof the topic overview lectures. The final section
contains the written contributions from the individual participants.

It is hoped that from the report, the reader will experience a flavour of the meeting itself,
as well as obtaining a clear impressafrthe necessary development of the field in the
near and medium future.

Some group photographs of the participants are appeAgeeridix 4.
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3. Investigating changes in photeoxidants, precursors and
feedback mechanisms, with changing temperature and
land use

Rapporteur's summary from Group 1
RapporteurStefan Reimann

Empa, Swiss Federal Laboratories for Materials Testing and Research, Laboratory for Air
Pollution and Environmental Technolodyii-8600 Duebendorf, Switzerland

Group 1 Participants Alagair Lewis (Chair), Solena Turquety (Plenary Speaker), Stefan
Reimann (Rapporteur) Ekatarina Batchvarova, Tony Cox, Russ Dickerson,
Paul Monks, Stuart Penkett, Oksana Tarasova, Rosa Salvador, Mihalis Vrekousis.

Plenarylecture: section 9; participants'antributions, section 10.
3.1. Introduction

Climate change induced by emissions of anthropogenic greenhouse gases is gaining an
ever increasingevel of attention both within the scientific community and from
political stakeholders. The effect of increagiconcentrations ofreenhouse gases on
temperatures and meteorological systems is already covered in a comprehensive way in
the IPCC Fourth Assessment Report (ARBpwever, the changing climate will also
affect the content of reactive trace gaseand paticles (relevant to air quality)
throughout the total atmospheric column. Thereforeu 1 of the Barnsdale 2007
meeting explored possibleonnections between climate change and pbgidants

levels, identified relevant processes andwvg the recommend@ons for theirfuture
investigation.

The overall working hypothesis is that rising temperatheag the potential to create a
more reactivephotc-oxidative environment. fAis statement is based on the fact that the
rates of chemical reactions amgenerdly known to be higherwith increasing
temperatures via the alled "Arrhenius Equatiori. Furthermore, emissions of
biogenic reactive gasesvhich are participants in ozone formation procesges
isoprenemonderpenes)will be higher in a warmer cliate These general tendencies
can however be enhanced or lowered by -imear effectsand by competing
temperaturalependant processes such as deposition at surf@asnd order changes
of the biogenic emission can occur due the changes of the plantsper particular
regions or due to anthropogenic changes of the lsed

_ dynamics
photo-oxidants chemistry climate change
emissions

Figure3.1l.  Key processes which define the behaviour of ploddants, precursors
and feedback mechanisms iwarmer climate.
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Furthermore, changes atmospheriadynamicsmay be induced bya warmer cimate
and these may includeoth transport patterns and the exchange between the different
layers of the atmosphere.(.stratospherg tropospher@xchangg

Grow 1 has identifiedhreekey processe®missions, chemistry, and dynamics, which
are involved inthe impact of climate change on phatddants, precursors and
feedback mechanisniBigure3.1). These thre@rocesses will be discussedthin three
separatesectionsfollowed by recommendations regarding future observatlatiorms
laboratory studies and modelpproachesto cover changes in thatmospheric
composition and dynamigs a warmer climate.

3.2. Changingemissions in a warmer clinate

Anthropogerc emissions of precursors have been subject to regulatialeveloped
nationssince the interaction of NCand VOCs in the production of ozone and other
photo-oxidantswasfirst elucidatedn the 1950§HaagerSmit, 1952. This ha led to a
stabilisation or small reductiosin peakozone cacentrations witin summer pollution
events in Europe and other regiokwever theresponse seen in continentadone
levelsis notlinear with respect tdhose of the precursors. Thikistratesthe strongly
nortlinear behaviour of the atmospleechemical systemAs illustrationof the actual
stateof-the art fFgure 2A shows thanhotwithstandinghe substantialreductions of NQ
and VOCsthat occurred in Switzerland between 1993 and 2@0é correlation of @
with the temperature is still almost identical. For the Baltimore, &#84, on the other
hand, peak ozone valudscreasedftera short term and substantial reduction inyNO
due to regulatiofrom power plantgFigure 2B).
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Figure3.2. A: Concentrions of O; vs. temperature during summer in Zugi@witzerland
1993 and 2006. BDifferences in & maximum values in Baltimoy& SA, between
198702 and 20036.

In spite of the different response emission abatementhe figure showsa welk
establifred phenomenon of morelevated @ concentrationdormation with higher
temperaturegh summertime regardless of locatidrhis is an impdant issue regarding
O3 behaviour in a warmer climaté. possible scenario could be th#thaugh emissions
of anthrgogenic precursors will be lowea, part of this positive development could be
compensated by higher biogenic emissions due to the warmer climate.

Another important issue related to emissions in a warmer climéiieh can be due to
both natural and anthpogenically induced lanrdse changemodel results for the
Eastern UShow that planspecies will shift northwards and therefore the predominant
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maple treeswhich are moderate isoprene emitters, will possibly be replaced by oak
trees with redtively highemissions of isoprene (Rige 3.3).

Actual CGO, CO,x2

- Maple-Beech-Birch

U Elm-Ash-Cottonwood
Oak-Gum-Cypress

[l oak-Hickory

. Oak-Pine

[l Loblolly-Shortieaf Pine

. Longleaf-Slash Pine

|| NoData

GFDL

Figure3.3. Potential effects of increasing temperature on tree speciesastern U®&
[McKenneyEasterlinget al, 200Q.

Similarly, anthropogenic activities may also affect biogenic emssior example
when natural ecosystems ardisplacedby species focarbonsequetration or for bio
fuel production(e.g.palm oil trees). In both casemissions of the respive areasnay
change, with followon influences on regional air pollution. Annhportant issue in this
respect is that information about emissions adgenic VOCs i(e. isoprene and
terpenesyemainspatchy both in respect of emissions fronedfic plant species and
from different regions of the world. Especially, knowledge abouissons and
behaviour of the fast reacting sesquiterpenes should be improved. For biogenic
emissions andheir degradation productssatellitesare ableto fill important gaps
especially for global coverage of emissions and for locatingdpuit areagMil let et al,
2006; Wittrocket al.,2004. This develpment should be reinforced.

In general, instruments and models will have to be adapted to document the changes for
air pollution induced by climate change. Scenarios should be developed damdt

only take into account actual and potential future emissions but also tnditate

human induced changes related to emission control andulndhange.

3.2. Changing chemical processes in a warmer ichate

Ever snce the occurrence of heavy smog episodethe urban environments of the
west cast of the U8 in the 1950sit hasbeenwell-known that air pollution is not only
caused by primary poltants but also by their atmospheric degradatibrdeed
secondary air pollution, such ageted ozone duringummer and high concentrateon

of secondary aerosols in wintBas become more importanthan primary pollutants,
such as S¢ heavy metals and POPs. As an example Fig#4eshowsa model
calculation ofvery high Q concentrations distributed over largegions of Europe
during the summer 2003-urthermore higher concentrations of PM have been
observed during higher temperatures both in winter and summer, although this is only
partly represented by model calculations. These particles could providtgorzald
surfaces for herogeneous reactions which then could change the reactivity. For
example, it has beerbgerved that N@on TiO, surfaces produces more reactive nitrous
acid (HONO).
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In general high temperature events such as the-itea¢ summer2003 in Europe
have the potential to be used to test actual models for their suitability to simulate air
pollutants within a future warmer climate.

Figure3.4. Ozone distribution during the heative summer 2003 in Europe.

Specific chemical markers shid be measured contiously to assess changes of the
atmospheric composition and its ability to transform emissions ("oxidative capacity").
Examples of specific tracers are partly oxidised compounds such as formaldehyde
(HCHO), organic nitrategperoxyacgylnitrate (PAN), or peroxides. Furthermore, ratios

of VOCs and oxidised VOCs can be used as tracers to deduce specific processes such as
tropospheric ozone decline in the ArcfiBoudrieset al, 2003 or the importance of €l

radical reactions relativelp OH-radical reactionfHopkinset al, 2003.

In a warmer climate, modelwill possibly have to be adjusted to cover the new
temperature range. Figurg5 shows the example of modelled vs. measured O
concentrations in the United Kingdom. Modelled andasured values are in good
complianceunder moderate temperatures. Wever, during the days with highest
temperatureghe model tends to underestimate actuge®els.

Whilst some of this disagreement may be due to a mismatch between emissions and
thosethat are generated from model inventories, it is important to consider alternative
sources of potential disagreement. Chemical kinedies the basis of mwospheric
chemical models, so th&rrheniusparameterswhere appropriate and applicabieed

to bere-examined to covesin environment with higher temperatures. Secondtegts

have to be taken into accountaddition; t is for exampleossiblethatastemperatures

rise direct photolysismay be hindered byincreasingcloud cover due to higher
evapoation. As it will not be possible to measure the reactivity and degradation
pathwaydor all biogenic VOCs with complex structures such ass#sguiterpenes, the
investigation ofstructure activity relationshigSARs) and their subsequent inclusion
into chemical models is a necessity. The final aim would be to include this information
into global chemistrclimate models.
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Figure3.5. Poor model simulations of ozone in high temperature periods (summer 2003, UK).

3.3. Changingdynamics in a warmer climate

Meteorological processes will be influenced by changing climatic conditions. Examples
of this phenomenon athe possibility ofincreased numbers of hurricanes in the US,
less winter precipitation as snow fall arhigher probability of heavy rain evenis
Europe. Fahermore, ocean currents could be influenced by warmer surface water,
which then ha a feedback onto the climate.¢ possibleweakeningof the Gulf
Stream). Furthermore, the rate of exchange between different layers of ttspragrao
and(e.g.polluted boundary layér free troposphere uppertropospheré stratosphere)

is an important feature which has a potential influence on the composition of the
atmosphere.

The main application of numerical models which cover dynamic processes in the
atmosphere is the weather forecast. However, these models are not necessarily the best
option for modding or forecasing air pollution since they are generally interested in
optimising dynamic parameters (temperature, humidity, wind fields) rather than
chemical parameterd~or air quality applicatiors, specific information such as the
detaileddescription of the boundary layerdta@ bepresentedn a miwch better way. In

other words: pedicting extreme weather is probably not thesttool to be used for
prediction of the chemical compositiofipollution events within future climate.

Natural or anthropogenic lantgse change has the potential to influence dynamic
processes in the atmospheda. the western Mediterranean the interaction between
marine air masses, land surface (heat and moisture exchanges), and atmospheric
pollution (aerosols affecting nucleation), within the-beaeze circulations can work a

a thresholedominated systemn this system, modest changes in land use and/or air
pollution emisions along the coastal areas can change the properties of the air masses
and modify the summer storm regime inland. The critical threshold is the height of the
cloud condensation level (CCL) of the airmass within the breeze with respect to the
height of he coastal mountain rangfdillan et al 2003.

This situation affects the coastsradrth Africa, the Iberian peninsula, southern France
and southern Italy, and suggests tlaaidl use perturbations, accumulated over historical
time and accelerated in tHast 30 years, may have induced changes from an open
monsoortype rain regime in the past, with frequent summer storms over the coastal
mountains, to one now dominated by closed vertical recirculation and fewer storms. In
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the current situation the wateapour remaining in the aand the air pollutantthen
follow the return flows of the breezes aloft and accumulate over the sea E@jure
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Figure3.6. Averages of water vapour measurements for August 2000. Water vapour is
considered as a tracfor air masses recirculated by the coastal wind system. A: The
day product derived at 10:30 UTC emphasises areas where the deep oregraphic
convection develops at the seabreeze fronts. B: Thepldayight product shows
the average at 10:30 UTC plus 22:UTC, with areas over which water vapour
accumulation occurs.

Groundbased measurements and sbongs have been used for decades to detect
dynanic processes in the atmosphere, and satellites have been useckdibrer
prediction It is only rektively recently that their potential for detection of dynamic
processes related to air pollutisansport has begun to bgploited.

To detect changes in dynamics related to climate changembination of ground

based measurements and satellite observatiomdd be used. Both of these approaches
have their advantages and should be used in combinhtisitu observations normally

have the advantage of providing letegm historic data sets and being relatively
reliable in terms of availability and comparatyiliof the data sets. However,
geographically distantegionscan strongly influence ann situ measurements series
through changing transport patterns.(horizontal advection)This becomes important

if long-term changes from specific sites are analysadthe assumption of stable
dynamic conditions and regional representativeriégsire3.7 gives an example d#wo
long-term data sets of £from two European mountain sites (JFJ: Jungfraujoch (CH)
and KHMS, Kislovodsk High Mountain Statio(Russig. At Jungfraujoch Q exhibits a
tendency to growwhereas at Kislovodsk the trend is negatespecially in 9QsData
analysis in combination with trajectory clusters showed, tirat comparison to
JungfraujochKislovodsk was mainly influenced by air massesririne Mediterranean

and EuropearRussia, where emissions of precursors are thought to have been reduced
more drastically than fovestern Europe~or the case of JFdost of arriving air %2 %

of caseyoriginates ineastern USA and spendsuchtime over Alantic. In this casehe

trend in the source areas and changing advection patters are the central in interpreting
ozone trends rather than local and regional precursor trends.






