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Impact of Climate Change on Air Quality 

4
th

 ACCENT Barnsdale Expert Workshop 

1.  Executive Summary 

Climate change is already upon us ï the first 2007 IPCC Scientific 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 

CO2 and other radiatively active trace gases together with particulate matter in the 

global atmosphere. The overall effect is to entrap energy in the lower atmosphere, 

increasing the average surface temperature, increasing the intensity of the circulation 

and probably changing the general pattern of the weather systems themselves, with 

direct consequences for us who live on the surface. 

Air quality depends the trace gas emissions from the biosphere and from human 

activities, the chemical reactions which govern the concentrations of trace species in the 

atmosphere, and on the temperature and the weather systems.. All 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 this is added to the probable increases in 

human-produced emissions due to the necessary increases in industrial activity as we 

attempt to cope with the Earth's ever increasing population. 

While some qualitative effects of climate change on air quality can be imagined, the 

detailed response for any 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 governs many 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 required 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 4
th
 Barnsdale expert workshop on the 

Impact 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 

Laboratory Data, Aerosols, Remote Sensing from Space (AT2), BIAFLUX, Modelling, 

and Transport and Transformation of Pollutants (T&TP). The meeting was held at the 

Barnsdale Hall Hotel in Rutland on Monday to Wednesday, the 5
th
 to the 7

th
 of 

November 2007. Some 45 experts attended. (Appendix 1).  

The meeting was organised around four discussion groups, addressing the major areas 

of concern. The workshop (Appendix 2) started with a plenary talk on each topic. The 

major part of the meeting was taken up with group discussions, the participants 

reassembling to consider the recommendations from each group. The speakers, chairs, 

rapporteurs and participants received detailed instructions to try to ensure that the 

discussions were as productive as possible (Appendix 3). The following conclusions and 

recommendations emerged from the three discussion groups. 
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1.1 Investigating changes in photo-oxidants, precursors and feedback 

mechanisms 

1.1.1 Emissions 

*  Scenarios should be developed which not only take into account actual and direct 

future anthropogenic and biogenic emissions but which also try to implement 

downstream human-induced changes related to emission control and land-use 

change. 

*  In situ and 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 perspective on change in the oxidative environment. 

*  Emission inventories for biogenic VOCs should be improved both on the spatial 

and temporal scale and be expanded to include speciated terpenoids of higher 

carbon number. 

*  Usage of satellites to assess both natural and biogenic emissions of VOCs (e.g. via 

oxidation products) should be seen as a key tool in detecting directly climate 

induced responses with influence on photo-oxidants.  

*  Potential emissions in hitherto remote regions, for example new shipping routes in 

the Arctic ("North-West Passage") should be explored and their long-range impact 

on the European and US boundary-layer concentrations should be fully explored. 

*  Usage of in situ and remote measurements to observe land-use change related to a 

warmer climate (due to natural processes and anthropogenic activities (bio fuel 

production/sequestration) should be integrated fully with biogenic emissions 

inventories. 

1.1.2 Chemical processes 

*  Continuous measurements of tracer compounds should be used for determination 

of changes related to the long term trends in reactivity of the atmosphere by in situ 

and remote techniques. Potential candidates are: 

- peroxides and their precursors,  

- HCHO, 

- PAN,  

- organic nitrates, and 

- oxygenated VOCs 

*  Development of improved structure activity relationship (SARs), to model 

degradation pathways and reactivities especially for the higher molecular biogenic 

compounds, such as terpenes and sesquiterpenes are required. 

*  Development and validation of Arrhenius expressions for rate constants over 

wider temperature ranges than at present is needed. 

*  Investigation of reaction rates of RONO2 (organic nitrates) with higher carbon 

number. 

*  Investigation of exact reaction pathways of alkoxy radicals 

(isomerisation/degradation). 

*  Development of atmospheric chemistry models (regional and global) capable of 

handling reactions at increased temperatures, say up to 40 
o
C. 
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1.1.3 Dynamics 

*  Combination of satellite and ground-based observations to detect changes in 

dynamic processes in the atmosphere. 

*  The use of explicit  models to explain and forecast air pollution issues, rather than 

adapting numerical weather forecast models for this purpose. 

*  Knowledge of the vertical distribution of air pollutants and information on 

boundaries between different lower layers of the atmosphere and exchange 

processes should be improved. 

*  The use of continuous vertical observation platforms should be enforced and 

extended to reactive photochemical species. Examples are: long-term aircraft 

campaigns (e.g. CARIBIC), balloon soundings, zeppelins, and the use of high-

tower networks. 

1.1.4 General 

Heat wave events, such as those experienced in Europe in 2003, can be important in 

guiding our thinking and understanding of photochemistry in future climates [Schar et 

al., 2004]. Observations in such events are limited to only those made continuously and 

those where there is serendipitous coincidence of short-term activity with extreme 

event.  

*  The European capacity to undertake responsive and short-term detailed 

observation and modelling campaigns of extreme pollution episodes should be 

enhanced. 

1.2 Investigating changes in surface-atmosphere interactions 

1.2.1 Oceans and ice 

*  To better predict the impact of climate change on polar and especially Arctic air 

quality, improved modelling of sea ice dynamics is required. Measurement 

campaigns and a continuous monitoring of surface halogen and O3 concentrations 

are recommended to complement satellite data.  

1.2.2 Soils 

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

content significantly such as floods and droughts, as these are predicted to occur 

more frequently.  

*  Freeze-thaw events are known to trigger spring-time N2O emission pulses, and as 

permafrost recedes there is likelihood that wider areas will be affected by this 

phenomenon, warranting further studies. 

*  More field data are needed to demonstrate whether wetland CH4 emissions are 

already responding to climate change, and more generally the global CH4 budget 

should be better understood and quantified.  

*  Integrated research efforts should bring together different scientific communities 

and projects that are currently focusing, with too little interaction, on fields as 

wide-ranging as satellite data, remote sensing and process understanding. 

1.2.3 Vegetation 

*  Since major global change factors such as CO2, O3, drought and temperature are 

known to influence the biogenic source strength of VOCs, the short- 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 quantify national and global source strengths of VOCs at present and in 

future, it is crucial to develop spatially resolved vegetation/land-use and 

speciation maps at different spatial scales, forming a reliable basis to assess future 

projected changes. Spatially and temporally disaggregated hydrometeorological 

data are also needed to quantify biogenic emissions. 

*  An improved understanding of species specific compensation points in vegetation 

for NH3 and oxygenated VOCs for dominant plant species and land management 

in the model domain is necessary. Coupled predictive meteorological - VOC 

emission - air chemistry - transport models should be developed for studying the 

impact of biogenic sources on air quality, incorporating biogenic processes on 

shorter timescales, for application on small as 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, rather than the currently used AOT40 exposure approach.  

1.2.4 Land use changes: biomass burning, urbanization, agriculture 

*  The response of biomass burning to climate change needs to be quantified. 

Research is needed on the net climatic and air quality impacts of biofuel 

production and use within the framework of integrated studies.  

*  As major land use changes are expected in the tropics, current and future trends of 

biogenic VOC emissions from tropics and their speciation should be assessed. In 

all these research areas, improved land use datasets (finer 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 from very few selected countries from the northern 

hemisphere, speciated anthropogenic VOC emissions globally need to be 

quantified at different spatial scales, more particularly in developing countries. 

1.2.5 Atmospheric processes: turbulence, energy partitioning, hydrometeorology 

*  At present the consensus on effects of climate change on the frequency of 

summer-time air quality episodes is that the frequency will increase, but there are 

many uncertainties, and studies to tackle this issue need to integrate many of the 

aspects, including increased urbanization to agricultural land use changes, and the 

need for speciated anthropogenic and biogenic VOCs data to coupled 

meteorological-emission-chemistry-transport models. At the ecosystem level, a 

better understanding of chemical reactions on vegetation surfaces and inside the 

canopy air space is needed. 

1.3 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 questions of 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 requires accurate prediction of the cloud 

and precipitation frequency and amount. 

1.3.1 Inorganic aerosol 

*  Work is needed on to identify current and future trends in nitrate aerosol 

distributions which depend on the free ammonia availability as well as 

temperature.  
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*  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 changing NOx and 

SO2 emissions. This is an important topic for the legislator. 

1.3.2 Organic aerosol 

*  Organic aerosol 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 quality and 

regional aerosol, where between 30-70 % of submicron PM may be organic in 

nature. Therefore, they present one of the biggest challenges to impacts of climate 

change on air quality through aerosols. Considering the many uncertainties in the 

understanding, and the likely increase with climate change, much work is required 

to elucidate the fundamental processes involved 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 important from a human health perspective [Donaldson et al., 2006]. Ultrafine 

particle formation is observed widely in many areas, however, this is very 

sensitive to changes in ambient conditions and is highly non-linear with 

temperature. Considering the potential effects 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 as well as a better knowledge of aerosol 

cycling due to cloud and precipitation 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 via aerosol 

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 with future 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 

possible 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 of the project GEOMON funded by the 

6
th
 framework program (www.geomon.eu ). 

*  Informing and involving users, especially policy makers, who could help support 

the development of operational networks for monitoring climate change species 

by, perhaps, providing a regulatory 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. 
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*  Enhancing synergies 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 raising and highlighting of common issues 

and developing links between the experts and scientists involved. 

1.4.2 Satellite data 

The recommendations are as follows. 

*  Implementing a satellite earth-observation infrastructure based on both GEO 

(geostationary) and LEO (low earth orbit) approaches. The former is required for 

air quality purposes which require the monitoring of dedicated areas with a high 

temporal resolution (as in-situ supersites). Probably one satellite of each type 

(GEO and LEO) would be enough for Europe, extended to 2 LEO and 3 GEO for 

the world. 

*  Improving some instruments such as GOME2, especially in terms of  

spatial resolution. Currently it is about 80 km × 40 km, and a resolution of  

20 km × 20 km can be reached for a better representation of air quality species. 

*  Filling in the technological gap that should hold from 2012 to 2020 between the 

ENVISAT and post-Met-Op systems. This is necessary for the improvement of 

CO2 and CH4 global monitoring. 

*  Promoting integrated coupled approaches by data assimilation 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 the only 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 systems (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 

distribution 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 possible model 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 upon us ï and, although two swallows do not make a summer, 

the current sequence of the highest average annual temperatures since records began, as 

well as the apparently more frequent occurrence of events linked to extreme weather, 

provides ever more convincing evidence of its occurrence. The first 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 2007 IPCC 

reports indicate the likely dire consequences in the medium and long term. The sceptics 

have largely disappeared ï critics now maintain that the reports are too conservative and 

the deterioration will be on us sooner, and with worse consequences, than the reports 

predict. 

Climate change is a consequence of the increased concentrations of CO2 and other 

radiatively active trace gases, such as CH4, O3, CFCs etc. and also particulate matter in 

the global atmosphere. The effect is to reduce the infrared radiation emitted 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 state, in which energy received 

from the sun 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 temperature. The 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 weather events. 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 climate change in the temperate regions of 

the planet are likely to be warmer winters and longer periods 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 to changes in rainfall patterns, and more intense 

episodes of rain and wind in some areas. However, while it seems as if, where there is 

presently enough water there will, at times be too much; it is likely that, thanks to the 

changed circulation patterns, where there is a scarcity of water, there will be too little! 

2.2 Response of air 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 activities and the 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 appreciable changes as well. 

Some of the possible effects are as follows. 

*  Warmer winters may well reduce 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 photo-oxidant 

production. 
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*  Long hot periods in summer are likely to increase photo-oxidant pollution 

episodes such as that suffered in parts of central and western Europe in 2003. 

*  Changes in land use, resulting both from climate change itself and the economic 

responses to it, will bring changes in both biogenic and human-produced 

emissions. 

*  Any increases in storm frequency will increase the flash frequency of lightning 

and the production of NOx.  

*  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 CO2 will, for some plant species, reduce 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 increases in human-produced emissions due to the necessary 

increases in industrial activity as we attempt to cope with the Earth's ever increasing 

population! 

2.3 Understanding future air qua lity  

While some of the qualitative effects of climate change on air quality can be imagined, 

the detailed response for any particular place or region is far from clear. Our experience 

of present air quality is encompassed within models that use emission estimates, 

chemical reaction schemes and our knowledge of plant processes, all within a 

meteorological framework, to predict concentrations of trace substances and aerosols. 

To try to ensure reasonable results, the predictions are compared with values obtained at 

observation stations. However, with such an under-determined problem, it is not 

possible to validate the models in any mathematical sense. Nevertheless the majority of 

models work reasonably well within the present context. 

In the future, the majority of the parameters within the model will change as the climate 

changes, as will the emissions and the land use which governs many 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 is required to ensure that the chemical schemes 

encompass the changing mix of trace substances and aerosols, that the parameters 

describing biosphere-atmosphere interactions cope with changing conditions of 

temperature and humidity and with new biogenic species, and that the models 

themselves are flexible and are tested under suitable conditions. In addition the input 

information such as land-use data, biogenic emissions and human-produced emissions, 

need reviewing and updating as the changes develop. 

Finally, it should not be forgotten that the atmospheric sciences have always been and 

will continue to be observation-driven. As the impact of climate change on air quality 

increases, it will be through observations that the inadequacies in our understanding are 

revealed. Thus observational networks 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 these expected changes in air quality that the 

ACCENT 4
th
 Barnsdale expert workshop on the Impact 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 Laboratory Data, Aerosols, 

Remote Sensing from Space (AT2), BIAFLUX, Modelling, and Transport and 

Transformation of Pollutants (T&TP). The meeting was held on Monday, Tuesday  

and Wednesday, the 5
th
, 6

th
 and 7

th
 of November 2007. Some 45 experts attended  

(Appendix 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 collaborative research priorities in this area. 

The meeting was organised around guided discussions on four topics: 

Topic 1 Investigating changes in photo-oxidants, precursors and feedback 

mechanisms, with changing temperature and land use. 

Topic 2 Investigating changes in surface-atmosphere 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 cope with 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 exceedance 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 controls and 

feedbacks in natural and anthropogenic emissions  

The CCAQ workshop (Appendix 2) started with a plenary session in which there were 

invited review papers on each topic. Each was followed by a short response by the 

Chair of the particular group who formulated the questions to be discussed by that 

group.  

The groups then separated. The discussions within the groups were managed through 

"voxboxes", short contributions to the topic under discussions. 

The final combined plenary session was devoted to reports from 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 discussion (Appendix 3). Each expert participant 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 recommendations. 

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 accounts of 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 impression of the necessary development of the field in the 

near and medium future. 

Some group photographs of the participants are appended (Appendix 4). 
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3. Investigating changes in photo-oxidants, precursors and 

feedback mechanisms, with changing temperature and 

land use 

Rapporteur's summary from Group 1  

Rapporteur: Stefan Reimann 

Empa, Swiss Federal Laboratories for Materials Testing and Research, Laboratory for Air 

Pollution and Environmental Technology, CH-8600 Duebendorf, Switzerland 

Group 1 Participants: Alastair 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. 

Plenary lecture: section 9; participants' contributions, section 10. 

3.1. Introduction  

Climate change induced by emissions of anthropogenic greenhouse gases is gaining an 

ever increasing level of attention, both within the scientific community and from 

political stakeholders. The effect of increasing concentrations of greenhouse gases on 

temperatures and meteorological systems is already covered in a comprehensive way in 

the IPCC Fourth Assessment Report (AR4). However, the changing climate will also 

affect the content of reactive trace gases and particles (relevant to air quality) 

throughout the total atmospheric column. Therefore Group 1 of the Barnsdale 2007 

meeting explored possible connections between climate change and photo-oxidants 

levels, identified relevant processes and gave the recommendations for their future 

investigation. 

The overall working hypothesis is that rising temperatures have the potential to create a 

more reactive, photo-oxidative environment. This statement is based on the fact that the 

rates of chemical reactions are generally known to be higher with increasing 

temperatures via the so-called "Arrhenius Equation". Furthermore, emissions of 

biogenic reactive gases, which are participants in ozone formation processes (i.e. 

isoprene, monoterpenes), wil l be higher in a warmer climate. These general tendencies 

can however be enhanced or lowered by non-linear effects and by competing 

temperature-dependant processes such as deposition at surfaces. Second order changes 

of the biogenic emission can occur due the changes of the plant species for particular 

regions or due to anthropogenic changes of the land-use.  
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Figure 3.1.  Key processes which define the behaviour of photo-oxidants, precursors 

and feedback mechanisms in a warmer climate. 
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Furthermore, changes in atmospheric dynamics may be induced by a warmer climate, 

and these may include both transport patterns and the exchange between the different 

layers of the atmosphere (e.g. stratosphere ï troposphere exchange).  

Group 1 has identified three key processes, emissions, chemistry, and dynamics, which 

are involved in the impact of climate change on photo-oxidants, precursors and 

feedback mechanisms (Figure 3.1). These three processes will be discussed within three 

separate sections, followed by recommendations regarding future observation platforms, 

laboratory studies and model approaches to cover changes in the atmospheric 

composition and dynamics in a warmer climate. 

3.2. Changing emissions in a warmer climate 

Anthropogenic emissions of precursors have been subject to regulation in developed 

nations since the interaction of NOx and VOCs in the production of ozone and other 

photo-oxidants was first elucidated in the 1950s [Haagen-Smit, 1952]. This has led to a 

stabilisation or small reductions in peak ozone concentrations within summer pollution 

events in Europe and other regions. However the response seen in continental ozone 

levels is not linear with respect to those of the precursors. This illustrates the strongly 

non-linear behaviour of the atmospheric chemical system. As illustration of the actual 

state-of-the art Figure 2A shows that, notwithstanding the substantial reductions of NOx 

and VOCs that occurred in Switzerland between 1993 and 2006, the correlation of O3 

with the temperature is still almost identical. For the Baltimore area, USA, on the other 

hand, peak ozone values decreased after a short term and substantial reduction in NOx 

due to regulation from power plants (Figure 2B). 

A B 

 

 

Figure 3.2.  A: Concentrations of O3 vs. temperature during summer in Zurich, Switzerland, 

1993 and 2006. B: Differences in 8-h maximum values in Baltimore, USA, between 

1987-02 and 2003-06. 

In spite of the different response of emission abatements the figure shows a well-

established phenomenon of more elevated O3 concentrations formation with higher 

temperatures in summertime regardless of location. This is an important issue regarding 

O3 behaviour in a warmer climate. A possible scenario could be that although emissions 

of anthropogenic precursors will be lower, a 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 climate, which can be due to 

both natural and anthropogenically induced land-use change: model results for the 

Eastern US show that plant species will shift northwards and therefore the predominant 
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maple trees, which are moderate isoprene emitters, will possibly be replaced by oak 

trees with relatively high emissions of isoprene (Figure 3.3). 

 
Actual CO2 CO2 x 2 

  

Figure 3.3.  Potential effects of increasing temperature on tree species in eastern USA 

[McKenney-Easterling et al., 2000]. 

Similarly, anthropogenic activities may also affect biogenic emissions for example 

when natural ecosystems are displaced by species for carbon sequestration or for bio 

fuel production (e.g. palm oil trees). In both cases emissions of the respective areas may 

change, with follow-on influences on regional air pollution. An important issue in this 

respect is that information about emissions of biogenic VOCs (i.e. isoprene and 

terpenes) remains patchy both in respect of emissions from specific plant species and 

from different regions of the world. Especially, knowledge about emissions and 

behaviour of the fast reacting sesquiterpenes should be improved. For biogenic 

emissions and their degradation products, satellites are able to fill important gaps 

especially for global coverage of emissions and for locating hot-spot areas [Mil let et al., 

2006; Wittrock et al., 2006]. This development 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 which do not 

only take into account actual and potential future emissions but also try to indicate 

human induced changes related to emission control and land-use change.  

3.2. Changing chemical processes in a warmer climate 

Ever since the occurrence of heavy smog episodes in the urban environments of the 

west coast of the USA in the 1950s, it has been well-known that air pollution is not only 

caused by primary pollutants but also by their atmospheric degradation. Indeed 

secondary air pollution, such as elevated ozone during summer and high concentrations 

of secondary aerosols in winter has become more important than primary pollutants, 

such as SO2, heavy metals and POPs. As an example Figure 3.4 shows a model 

calculation of very high O3 concentrations distributed over large regions of Europe 

during the summer 2003. Furthermore, higher concentrations of PM2.5 have been 

observed during higher temperatures both in winter and summer, although this is only 

partly represented by model calculations. These particles could provide additional 

surfaces for heterogeneous reactions which then could change the reactivity. For 

example, it has been observed that NO2 on TiO2 surfaces produces more reactive nitrous 

acid (HONO).  
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In general high temperature events such as the "heat-wave summer" 2003 in Europe 

have the potential to be used to test actual models for their suitability to simulate air 

pollutants within a future warmer climate.  

 

Figure 3.4.  Ozone distribution during the heat-wave summer 2003 in Europe. 

Specific chemical markers should be measured continuously 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 nitrates, peroxyacetylnitrate (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 Arctic [Boudries et al., 2002] or the importance of Cl-

radical reactions relatively to OH-radical reactions [Hopkins et al., 2002].  

In a warmer climate, models will possibly have to be adjusted to cover the new 

temperature range. Figure 3.5 shows the example of modelled vs. measured O3 

concentrations in the United Kingdom. Modelled and measured values are in good 

compliance under moderate temperatures. However, during the days with highest 

temperatures, the model tends to underestimate actual O3 levels. 

Whilst some of this disagreement may be due to a mismatch between emissions and 

those that are generated from model inventories, it is important to consider alternative 

sources of potential disagreement. Chemical kinetics are the basis of atmospheric 

chemical models, so the Arrhenius parameters, where appropriate and applicable, need 

to be re-examined to cover an environment with higher temperatures. Secondary effects 

have to be taken into account in addition; it is for example possible that as temperatures 

rise, direct photolysis may be hindered by increasing cloud cover due to higher 

evaporation. As it will not be possible to measure the reactivity and degradation 

pathways for all biogenic VOCs with complex structures such as the sesquiterpenes, the 

investigation of structure activity relationship (SARs) and their subsequent inclusion 

into chemical models is a necessity. The final aim would be to include this information 

into global chemistry-climate models. 
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Figure 3.5. Poor model simulations of ozone in high temperature periods (summer 2003, UK). 

3.3. Changing dynamics in a warmer climate 

Meteorological processes will be influenced by changing climatic conditions. Examples 

of this phenomenon are the possibility of increased numbers of hurricanes in the US, 

less winter precipitation as snow fall or a higher probability of heavy rain events in 

Europe. Furthermore, ocean currents could be influenced by warmer surface water, 

which then has a feedback onto the climate (e.g. possible weakening of the Gulf 

Stream). Furthermore, the rate of exchange between different layers of the atmosphere 

and (e.g. polluted boundary layer ï free troposphere ï upper troposphere ï 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 modelling or forecasting air pollution, since they are generally interested in 

optimising dynamic parameters (temperature, humidity, wind fields) rather than 

chemical parameters. For air quality applications, specific information such as the 

detailed description of the boundary layer has to be presented in a much better way. In 

other words: predicting extreme weather is probably not the best tool to be used for 

prediction of the chemical composition of pollution events within future climate. 

Natural or anthropogenic land-use change has the potential to influence dynamic 

processes in the atmosphere. In the western Mediterranean the interaction between 

marine air masses, land surface (heat and moisture exchanges), and atmospheric 

pollution (aerosols affecting nucleation), within the sea-breeze circulations can work as 

a threshold-dominated system. In this system, modest changes in land use and/or air 

pollution emissions 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 the coastal mountain ranges [Millán et al. 2005]. 

This situation affects the coasts of north Africa, the Iberian peninsula, southern France 

and southern Italy, and suggests that land use perturbations, accumulated over historical 

time and accelerated in the last 30 years, may have induced changes from an open 

monsoon-type 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 water vapour remaining in the air and the air pollutants then 

follow the return flows of the breezes aloft and accumulate over the sea (Figure 3.6).  
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Figure 3.6. Averages of water vapour measurements for August 2000. Water vapour is 

considered as a tracer for air masses recirculated by the coastal wind system. A: The 

day product derived at 10:30 UTC emphasises areas where the deep orographic-

convection develops at the seabreeze fronts. B: The day plus night product shows 

the average at 10:30 UTC plus 22:30 UTC, with areas over which water vapour 

accumulation occurs. 

Ground-based measurements and soundings have been used for decades to detect 

dynamic processes in the atmosphere, and satellites have been used for weather 

prediction. It is only relatively recently that their potential for detection of dynamic 

processes related to air pollution transport has begun to be exploited.  

To detect changes in dynamics related to climate change, a combination of ground-

based measurements and satellite observations should be used. Both of these approaches 

have their advantages and should be used in combination. In situ observations normally 

have the advantage of providing long-term historic data sets and being relatively 

reliable in terms of availability and comparability of the data sets. However, 

geographically distant regions can strongly influence an in situ measurements series 

through changing transport patterns (i.e. horizontal advection). This becomes important 

if long-term changes from specific sites are analysed on the assumption of stable 

dynamic conditions and regional representativeness. Figure 3.7 gives an example of two 

long-term data sets of O3 from two European mountain sites (JFJ: Jungfraujoch (CH) 

and KHMS, Kislovodsk High Mountain Station (Russia). At Jungfraujoch O3 exhibits a 

tendency to grow, whereas at Kislovodsk the trend is negative, especially in 90s. Data 

analysis in combination with trajectory clusters showed that, in comparison to 

Jungfraujoch, Kislovodsk was mainly influenced by air masses from the Mediterranean 

and European Russia, where emissions of precursors are thought to have been reduced 

more drastically than for western Europe. For the case of JFJ most of arriving air (52 % 

of cases) originates in eastern USA and spends much time over Atlantic. In this case the 

trend in the source areas and changing advection patters are the central in interpreting 

ozone trends rather than local and regional precursor trends.  




