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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. 



Key questions for ÉCLAIRE

• How will climate change alter the threat of 

air pollution on ecosystems?

– Changing emissions, transport and deposition 

of air pollutants?

– Changing vulnerability of ecosystems for a 

given pollution dose?



Two kinds of delivery in ÉCLAIRE

• The European Commission is watching –

every promised deliverable checked!

– Fine View: Complete the promised deliverables

– Big View:  Keep the big messages in mind

– Plus the EU want’s lots else too…
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Processes :  Example of Bosco Fontana
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NH3 column (June-August 2012)

Yasmine Ngadi and colleagues
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Toward a new 

paradigm for NHX

modelling

How far off are we from now upscaling 

climate dependent NH3 emissions?

Can we include the CO2 effect on VOC 

emissions?



How will climate change alter 

ammonia emissions?
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Phytotoxic ozone dose

Exceedances of POD1 for Norway spruce in 2000 (left: critical limit = 8; 

right: 20.8 mmol/m2 = 5% yield reduction) with cover-scaled grid cells 

Does N make plants more susceptible to O3? 

Is the aerosol drought effect significant?

Does N form make a difference?



New Finding:  Ozone reduces agricultural 

Nitrogen Use Efficiency

Alonso, Bermejo et al. Ozone and nitrogen interactive response of an annual pasture yield (g dw m-2) from the 2013 experiment. NFA =non filtered air, NFA+20 =non

filtered air supplemented with 20 nl l-1 of O3, NFA+40 = non-filtered air supplemented with 40 nl l-1 of O3. N0=soil N background, N20=20 kg N ha-1;N40=40 kg N ha-1 addition.
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Shyam Pariyar, Jürgen Burkhardt

• minimum 

conductance (gmin) of 

pine needles 

in response to aerosol 

treatment

• increased gmin means 

less drought tolerance

New Finding: Hygroscopic Particulate Matter 

(PM) increases plants’ vulnerability to drought



Addressing spatial variability: how to generalise

Concentration

50km2

4.5 µg m-3

5km2

~2.5 - 5

1km2

~2.5- >6

Vieno et al.



ECLAIRE Key message

“The emerging message is that climate change will worsen the 

threat of air pollutants on Europe’s ecosystems:

 Climate warming is estimated to increase the emissions of many 

trace gases, such as ammonia (NH3), soil emissions of nitrogen 

oxides (NOx) and important biogenic volatile organic compounds 

(BVOCs). These effects would increase ground-level 

concentrations of NH3, NOx and ozone (O3), particles (PM2.5) as 

well as atmospheric nitrogen deposition. 

 Climate warming may increase the vulnerability of ecosystems 

towards air pollutant exposure or atmospheric deposition. Such 

effects may occur as a consequence of combined perturbation, as 

well as through specific interactions, such as between drought, O3, 

N and aerosol exposure.”



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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Input to the EU Air Quality 

Stakeholder Expert Group



ÉCLAIRE Outreach:  EU

• EU Report Research Findings in 

Support of the EU Air Quality 

Policy Review

• Green Week: ECLAIRE stand: 

talks & panels

• Four Presentations to the 

European Parliament (e.g. 

NECD; Circular Economy)

• Foresight Expert Panel: JHEB 

Junction of Health Environment 

& Bioeconomy (Future H2020).



From Parliament Magazine

• Green Week &

• EU Parliament Forum



ÉCLAIRE Outreach: International

• UNECE: ECLAIRE providing 

underpinning across the LRTAP 

convention:

– EMEP, Working Group Effects; 

– WG Strategies & Review;

– Executive Body (+ EfE 2016)

• Report for UNEP “Our Nutrient 

World” in coop INI & GPNM

• Developing INMS with UNEP

• Toward higher level engagement:

– OECD Environment Policy 

Committee (EPOC+ Minist Conf);

– UNECE Env for Europe. 



ECLAIRE Team 

provided UNECE 

Ammonia Guidance

Plus revised Framework

Code to support NECD 

revision



Full report to be

launched in the 

summer

Executive Summary

out already



• Halving EU meat &  dairy 

intake would reduce N 

pollution by 40%

Nitrogen on the Table

Westhoek et al., 2014

• NUE of the food system 

increases from 22% to 44%



EU benefit-cost ratios for 

NH3 and NOx mitigation

Van Grinsven et al. 

(Environmental Science and Technology, 2013)

NH3
NOx



Toward the International Nitrogen 

Management System (INMS)

• Initiative with United Nations Environment Program (UNEP)

• Toward a global science-policy support framework for nitrogen, 

addressing multiple co-benefits

• Engage with countries, industry, civil society in cooperation with 

UNEP, LRTAP, Marine Conventions FAO etc

• Linking the economic, environmental, food and energy benefits of 

better Nitrogen Use Efficiency

• ECLAIRE scientists taking the lead

• What should the EU contribution look like?



C1: 

Tools and 

methods for 

understanding 

the N cycle

C3: 

Regional  

demonstration 

& verification
C4: 

Awareness raising 

& knowledge 

sharing

C2:

Global & regional  

quantification of N use, 

flows, impacts & benefits 

of improved practices

Towards the International Nitrogen 

Management System (INMS)

Informing 

modelling

requirements

Data need 

& concepts

Opportunities,

Local/region priorities,

Policy context, 

Local data, 

Barriers-to-change

Improved management practices, 

Mitigation, Adaptation

Options & Scenarios, 

including 

Cost-Benefit-Analysis

Better basis for 

transformational 

change

Policy homes,

Public awareness,

Consensus building,

6M USD 

through 

GEF/UNEP

2016-2019



Linking International Nitrogen Policy Frameworks

Biodiversity:

CBD

Marine:

GPA 
+ regional

Stratosphere:

Montreal 

Protocol

Air Quality: 

LRTAP 
+ regional

INMS
International Nitrogen 

Management System

(Science Support Process 

linking threats & benefits)

Policy Arena 

for Nitrogen

UNEA,OECD..

Climate:

UNFCCC

Overarching Goals including

Economy Wide Nitrogen Use Efficiency
More food and energy with less pollution

www.inms.international

http://www.inms.international/

