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Origin of ambient PM2.5 in street canyons 
in the Netherlands

Diesel soot

Coal/wood stoves  

High stacks 
(power and  industry) 

Secondary particles:
Agricultural NH3 with SO2/NOx

Natural sources: 
soil dust and sea salt
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National emission ceilingsNational Emission Ceilings

Policy targets

Social development
and economic activities

Emissions

Emission control options 
(~2000 measures)

Atmospheric dispersion

Costs

Health, ecosystems and 
climate impact indicators

Greenhouse gas–Air pollution Interactions and Synergies:
The GAINS tool

Optimization



Least-cost optimization in GAINS

Minimize total European emission control costs:

�
𝑐𝑐,𝑝𝑝

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑝𝑝 → 𝑚𝑚𝑚𝑚𝑚𝑚

Costs are functions of emissions:
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑝𝑝 = 𝑓𝑓(𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑐𝑐,𝑝𝑝)

subject to constraints (policy targets) on population exposure (health):

�
𝑐𝑐,𝑝𝑝

𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑐𝑐,𝑝𝑝 ∗ 𝑎𝑎𝑎𝑎𝑎𝑎. 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑(𝑃𝑃𝑃𝑃𝑃.5)𝑐𝑐𝑐𝑐,𝑝𝑝 ≤ 𝑝𝑝𝑝𝑝𝑝𝑝. 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑐𝑐

and ecosystems impacts:

�
𝑐𝑐,𝑝𝑝

𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑐𝑐,𝑝𝑝 ∗ 𝑎𝑎𝑎𝑎𝑎𝑎.𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑(𝑆𝑆/𝑁𝑁)𝑐𝑐𝑐𝑐,𝑝𝑝 ≤ 𝑒𝑒𝑒𝑒𝑒𝑒. 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑐𝑐

For 28/44 countries (c), 10 pollutants (p), ~2000 emission control measures in each 
country, considering air quality in ~5000 receptor cells



Establishing credibility of input data
• Journal papers and 

scientific peer review of GAINS 

+  16 policy reports for stakeholders, 
with feedbacks from Member States

Olaf Stuger
(Partij voor de Vrijheid, NL)

+ Open on-line access to GAINS, 
(>1000 registered users)

+ Bilateral consultations on input data
with >100 experts from 
all Member States http://gains.iiasa.ac.at

“Trusting Commission figures 
is like trusting Zimbabwean 
President Robert Mugabe to 
monitor the stock of 
elephants. ”



80% of NH3 emissions emerge from 5% of the farms in the EU 
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Four essential ingredients for a successful 
science-policy interface

• Credibility:
– Robust science, appropriate methods, peer review

• Salience: 
– Illustrating consequences of alternative policy decisions, 

for diverse groups, sectors, countries
• Transparency: 

– ‘Black box’ models are not helpful 
– Limits to complexity  

• Legitimacy: 
– Participatory process, not one-time publication
– Institutions  (IIASA serves as an impartial broker)
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