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DIRECTIVE 2008/50/EC

CHAPTER IV - Article 23

Air quality plans

Where ... the levels of pollutants
in ambient air exceed any limit
value or target value ... Member
States shall ensure that air quality
plans are established ... in order
to achieve the related limit values
or target values

INTEGRATED
ASSESSMENT
MODELS



THE IAM APPROACHES

Approach 1:
IAM assesses the impacts of 
proposed actions

Scenario analysis
scenario defined by
• experts
• source-apportionment

Approach 2:
IAM identifies effective
emission reduction measures

Optimization approach
• Cost effective
• Multi-objective



Approach 1: IAM assesses proposed action 
impacts: scenario assessment
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Approach 2: IAM identifies effective emission
reduction measures

• Technical measures
• Non-technical measures
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Multi-objective approach

Cost-effective approach

CONTROL VARIABLES
Technical measures (x)

Non-technical measures (z)

AIR QUALITY INDEXESEMISSION REDUCTION COST

2. Optimization approach



Control variables: application rate

0% new vehicles

100% new vehicles

50% new vehiclesEmissions

Costs M€



Objective function: costs
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Objective function: AQI
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The function f:
• links emissions and AQI
• Non linear
• Fast air quality model
• Good performance



Artificial Neural Networks
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A series of long term simulations is performed.
Artificial Neural Networks are used to derive the source-receptor relationships
between emission sources and air quality indicators at given receptor sites which 
will be used in the optimization algorithm. 



ANNs models: Inputs & Outputs

Sum of emissions over four quadrants. 

� PPM10

� PPM2.5

� NH3

� SO2

� VOC

� NOx

� meanPM10

48 
(=6 pollutants x 4 cells x 2 levels)

INPUTS



ANNs models: Design of Experiment

B = cle2010
H = mfr2020
L = average of B,H

Scenarios NOXa VOXa NH3a PMa SO2a NOXp VOCp NH3p PMp SO2p

Boundary 

condition

s

0 B B B B B B B B B B B

1 L L L L L B B B B B B

2 H H H H H B B B B B B

3 H L L L L B B B B B B

4 L H L L L B B B B B B

5 L L H L L B B B B B B

6 L L L H L B B B B B B

7 L L L L H B B B B B B

8 H H L L L B B B B B B

9 H L H H H B B B B B B

10 H L H L L B B B B B B

11 H L H L H B B B B B B

12 B B B B B L L L L L B

13 B B B B B H H H H H B

14 B B B B B H L L H H B

15 B B B B B L L L L H B

16 B B B B B H L L L H B

17 H H H H H H H H H H B

18 H L H H H H L L H H B

19 L L L L H L L L L H B

20 H L H L H H L L L H B

21 H H L L L H H L L L B

TCAM 
deterministic 
modelling system 
simulations



Optimization

or

0% new vehicles
0% new power plants

Air Quality Index

Costs 
M€

30% new vehicles
60% new power plants

Old vehicles New 
vehicles

50% new vehicles
40% new power plants

60% new vehicles
10% new power plants

Old power plants New power 
plants

This optimumAQI can be 
computed for each cost, it 
gives a optimal curve called 
“Pareto curve”.       



Traffic scenario analysis

• Vehicle fleet: new EURO standard
• Efficiency Measures:

▫ bus investment
▫ bicycle path
▫ lower speed on highway



Impacts CLE Traffic scenario Optimized scenario

Emission reduction costs 0 € 171 M€ 171 M€

PM10 [µg/m3] 10-50 - 6% - 21%

Health costs (PM10) - 6% - 19%

Scenario analysis vs optimization
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Example of RIAT results



Conclusions

• Scenario analysis approach:
▫ allows to assess the variations of AQI due to the 

application of a set of policies chosen by the user; 
▫ the measures that can be implemented are hundreds; 

does not guarantee that the most efficient combination 
of measures is identified.

• The Multi-Objective approach: 
▫ optimizes a number of objectives simultaneously;
▫ allows to find the most efficient set of measures that 

guarantees to achieve the highest reduction of 
secondary pollution over the domain , at minimum 
costs. 
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