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ÉCLAIRE objectives
• To provide robust understanding of air pollution 

impacts on European land ecosystems including soils 
under changing climate conditions.

• To provide reliable and innovative risk assessment 
methodologies for these ecosystem impacts of air 
pollution, including the economic implications, to 
support EU policy. 

• Focus on O3 and N, and where relevant their 
interactions with VOCs, aerosols and S. 



Main Elements
• Climate change effects…

– Fluxes: Alteration of biogenic/agricultural and 
other emissions, air chemistry, transport 
distance and deposition.

– What is the net effect on aerosol?: precursors, 
volatile aerosol, less scavenging.

– Vulnerability: Alteration of ecosystem 
responses, including critical thresholds and 
pollutant interactions

– Response strategies…



ÉCLAIRE linking communities

• Nitrogen and Ozone communities
• Experimentalists, modellers and economists
• Local, regional and global communities

• E.g. IGBP-iLEAPS, INI, CLRTAP, ICP-
Vegn, TFIAM etc etc. 



Ozone – what do we need to 
understand?

• How do we know how much O3 gets into 
the plant and how much impacts on the 
plant?

• Depends on:
Dry deposition (currently assumed to be 
constant but is it?)
Stomatal functioning (e.g. DO3SE 
model, O3 effect on gs?))
BVOC emissions (currently not 
modelled) 
Detoxification within leaf 
(unrealistically assumed to be constant)

• What are implications for C budget 
(plant/soil/atmosphere)?

?



ÉCLAIRE and the UNECE CLRTAP

ÉCLAIRE and the post-Gothenburg 
future of the air convention



Integrating issues
– What is the net effect of nitrogen oxides 

emissions on crops and forests? (N fertilization 
effect vs O3 toxic effects, vs aerosol light 
scattering effects)

– Are there synergistic effects of O3 & nitrogen?
– How damaging is NOy deposition vs NHx

deposition?  Can we set different critical loads?
– How do dose response relationships differ 

under climate change?
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ÉCLAIRE 
Delivery 

Path
New observations & 

experiments 
(fluxes, concs & ecosystem / 

soil response)

Development & testing of 
process models, thresholds 

& dose-response 
parametrizations

Spatial & temporal 
upscaling of models (local, 
European, global scales) 

& novel thresholds

Model inter-comparison, 
sub-grid variability & 

uncertainty assessment

Review & meta-
analysis of existing 

measurement datasets 

Existing datasets from 
NitroEurope, EMEP, CLIMMANI,
ICP Vegetation, ICP Forests
National Programmes

European scale, temporal and 
controlled variation in major drivers:
• Climate sensitivity
• Air pollution exposure
• Land use context

New empirical evidence quantifying
effects of climate change on 

air pollution ecosystem impacts
of empirical relationships

New process-based descriptions
of effects of climate on air pollution 

ecosystem impacts

Quantification of potential feedback 
mechanisms of climate change on trace gas 

& pollutant emissions affecting climate

Harmonization of future scenarios 
for 2030, 2050, 2100:
• Future European climates 
• Air pollution levels 
• Land cover and management

Knowledge
used

ÉCLAIRE 
activities

Knowledge 
produced

C1, C3

C1, C3

C1, C3

Integrated assessment 
modelling & analysis of 

policy options

C2, C4

C2, C4

C5

Models and regional input datasets from 
other modelling programmes including, 
NitroEurope, CarboEurope, ACCENT, 

PEGASOS, iLEAPS, ….. 
CLRTAP (EMEP, JEG Dynamic Modelling… 

ICP Mapping & Modelling)…

Costs of measures, valuation of ecosystem  
services, outputs of prior integrated 

assessment analysis:  IPCC AR4/AR5, 
CAFÉ, GAINS, EC4MACS, ENA… 

Correction in European estimates and 
quantification of uncertainties, especially 

those of key policy significance; 
delivery of case studies to highlight issues

Cost-benefit analysis of air pollution control 
options in relation to future climate scenarios 
of direct use for EU policy analysis (e.g. in 
CLRTAP Gothenburg Protocol and NEC 

Directive revision, with messages to IPCC.

Next generation European 
air pollution mitigation & 

adaptation strategies under 
climate change
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Stakeholder Expert Group



WP5.2
Integrating effects of air 
pollution under climate 

change
Hettelingh, NL

WP5.1 
Deriving econ.  impacts 
& valuation of ecosyst. 

services
Holland, UK

C5  Integrated risk 
assessment 
& policy  tools
Amann, AT

WP5.3
Implications for 

mitigation & adaptation 
strategies

Winiwarter, AT

C2  Emissions & 
exchange at local,  EU 

to global  scales
Arneth, SE

European 
Commission

WP2.4
Assessing local 

& regional  variation
Bleeker, NL 

WP2.3
Modelling European   air 
pollution & deposition

Simpson, NO

WP2.1
Past & future changes of 
atmospheric pollutants 
transported into Europe 

Dentener, IT

WP2.2
Emissions on regional, 
European to global scale

Arneth, SE

C1  Emissions & 
exchange processes 

Nemitz, UK

WP1.3
Modelling emissions 

processes
Butterbach‐Bahl, DE

WP 1.1
Field studies on 

exchange processes
Nemitz, UK

WP1.4
Surface exchange 

modelling
Flechard, FR

WP 1.2
Controlled studies on 
exchange processes

Mentel, DE

WP7   
Coordination & 
Management
Sutton, UK

C3  Ecological 
response processes   

& thresholds
Beier, DK

WP3.1
Synthesis & meta‐

analysis of measur’nts 
on plant‐soil responses

Mills, UK

WP3.3
Investigation of novel 

ecosystem ‐ air pollution 
‐ climate interactions

Loreto, IT

WP3.4 
Development & 

assessment of  novel 
thresholds

Emberson, UK

WP3.2
Ecosystem manipulation 
of air pollution  ‐ climate 

interactions
Beier, DK

Stakeholder
Advisory Board 

Review & Assessment

C4  Ecological 
responses at regional   
& European scales

De Vries, NL

WP4.4 
Local variation in 

threshold exceedance 
Theobald, ES

WP4.1 
Air pollution ‐climate 
impacts on European C  

stocks  & GHG
Cescatti, IT

WP4.2
Air ‐ climate impacts on  
European biodiversity & 

soil quality
Reinds, NL

WP4.3
European maps of novel 

thresholds & 
exceedances
Posch, NL/AT

WP6
Standards & 

Data Management 
Secretariat  (Howard)

Task 6.2
Common measurement 

Protocols
Ammann, CH

Task 6.4
Data quality & Database 

Management
Owen, UK

Task 6.3
Model protocols
& uncertainty 
Howard, UK

Task 6.1 
Harmonization of 

Scenarios
Winiwarter, AT

WP3.5 
Modelling C stocks, GHG 

and species change
Evans, UK

Measurement 
focused activity

WP9
Networking & 
Dissemination
Sutton, UK

WP8
Training

Theobald, ES

WP = Work Package described in Section 1.3
C = Main science Component (WP cluster)



C5: Integrated  risk assessment & policy tools

WP2.1 
Past & future changes of 
atmospheric pollutants 
transported into Europe 

WP2.2 
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WP5.1 
Econ. impacts & valuation 

of ecosyst. services

WP5.3 
Implications for 
mitigation &

adaptation strategies
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Driver interactions: 
• Climate 
(radiation, T, water)
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case studies

European conc ‐
deposition fields 
& feedbacks

Upscaling of  
biogeochemical 
models & novel
thresholds

Standardizing  inputs for 
model intercomparison 
of climate ‐ air   
pollution interactions

Climate effect on 
source‐receptor 
relationships

Sub‐grid
procedure

WP5.2 
Integrating effects of air

pollution under 
climate change

WP4.1 
Air pollution‐climate 
impacts on European 
C  stocks  & GHG

Linking all components

Effects of climate  on 
emissions & air chemistry 
transformations

PEGASOS
Climate, air quality 
& human health

Campaign mesurements of air – ecosystem exchange

ÉCLAIRE
Effects of Climate change on 

Air pollution Impacts 
and Response strategies for 

European ecosystems

Temporal & 
spatial patterns
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Major Risks and Opportunities

• Budget and ambition:  exploit networking 
and national funding

• The power of common approaches:  TFs on 
Common Measurement and Modelling 
Protocols

• Uncertainty: scientific and policy views



Nitrogen Damage Costs & Sources

Sutton et al. Nature 14 April 2011
EU Damage cost: 70 - 320 billion € / year



ÉCLAIRE Outlook

• Open to emerging issues
• Scientific challenges for integration
• Envisaging the outcomes now – imagine the 

press realease – what do we need to get there?
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