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2. A summary description of project context and objectives (not exceeding 4 pages). 
 
Exceedances of air quality limit values in urban areas in Europe remain widespread, particularly for PM, NOX 
and O3. This is not simply a compliance issue but has significant implications for the health and wellbeing of 
European citizens. 
The recent reports on the review of the Thematic Strategy on Air Pollution (Amann et al., 2013; Keiswetter et 
al., 2013) show the evolution trend of compliance from the base year 2010 to 2025 (assuming current 
legislation only), the improvement for the optimised A5 so-called ‘Central Policy Scenario’ by 2025 and the 
further compliance achieved in 2030, by implementing all technical measures (MTFR). The assessment of 
compliance with the annual mean NO2 limit value and the daily PM10 exceedances limit value are both 
shown in Figure 1 and Figure 2, respectively. In each case, the limit values used for assessing compliance are 
those of the current Ambient Air Quality Directive. 
 

 
Figure 1. NO2 Annual mean compliance assessment (Amann et al. 2013). 
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Figure 2. PM10 compliance assessment (Amann et al. 2013). 
 
Some important observations can be derived from these figures:  
(i) The first observation in comparing the 2010 map with the 2025 CLE case is the clear move away from 

a general picture of non-compliance (2010) to few limited remaining areas of non-compliance. 
European wide measures (already mandated) will determine a significant improvement in compliance 
especially in the EU-15 Member States. What is also clear by comparing the 2025 CLE with the 2025 
A5 (defined as ‘central policy scenario’) is the limited potential of further EU-wide measures to 
improve compliance; this is further underlined by comparing the 2025 A5 scenario with the 2030 
MTFR scenario.  

(ii) Introducing tougher European-wide measures to address residual non-compliance confined to 10% of 
the urban zones in Europe (the extent of NO2 non-compliance according to IIASA in the 2025 CLE 
scenario) would likely be significantly more costly than directly addressing the non-compliance 
areas with specifically designed measures based on bottom-up Integrated Assessment using 
regional/local data. This has significant implications for the role of regional/local ‘bottom up’ 
approaches to develop effective Air Quality Management Plans to efficiently achieving compliance.  

(iii) In this regard, regional Integrated Assessment tools such as RIAT (Carnevale et al., 2012), LEAQ 
(Zachary et al., 2011), etc.  with their ability to identify cost-optimised local strategies are already 
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“undeliverable”, both in terms of attainability of targets and in terms of an appropriate executive function or 
body. 

TOPIC 2 - Air quality assessment and planning, including modelling and 
measurement 

This topic investigates the air quality assessment and planning processes, with special attention to how results 
are obtained at different scales and how these are combined. 
 

 
Figure 3: IA methodologies used by MS in the scope of air quality plans (left) and by research projects (right). 
 
Currently, air quality integrated assessment and planning are mainly done through scenario analysis, while 
optimization methods are still more used in research field. Furthermore, at present, many different models are 
applied for air quality assessment without any standard modelling tools. Moreover, assessing the air quality, 
the resolution of the emission inventory and other inputs are adapted to the geographical zone under study: 
this indicates that, in the most of cases, scale represents an issue for using the measurement data in model 
evaluation. 
Another crucial point concerns the challenge posed by modelling air quality at a local scale and especially the 
integration of these local scale results with results at larger scales. 

TOPIC 3 - Health Impact Assessment (HIA) 
“HIA is a mean of assessing the health impacts of policies, plans and projects using quantitative, qualitative 
and participatory techniques” (http://www.who.int/hia/en/). HIA addresses different methodological issues, 
which must be clarified for proper interpretation of results by policymakers. Different methodologies exist for 
developing a HIA. The aims and objectives of the assessment, data availability, resources and time-frames 
have an influence for the HIA methodologies used in particular assessment. With HIA, policymakers will be 
able to make a more balanced or scientifically weighted decision for the different policy options or scenarios. 
HIA is usually performed in a relative way by which different options, and interventions can be weighted 
against each other.  
The questionnaire results pointed out that the most common approach used is the predictive approach, with 
time-series focused on both short-time and long-term exposure. The most frequent air pollutants included in 
the health impact assessments are the “traditional” pollutants, such as particles (PM10 and PM2.5), nitrogen 
oxides (NOx) and ozone (O3). 
For accurately assessing health effects of air pollution, detailed exposure estimates need to be available. 
Aggregating monitored data collected by different monitoring stations, or concentrations measured at central 
monitoring stations do not seem to reflect the personal exposure in many cases. Analyzing epidemiological 
studies, it is also evident that, to fully assess the health impacts, we must take a multiple pollutant exposure 
approach and consider also that air pollution exposure has both physical and psychological effects. This latter 
dimension is less documented and is more difficult to measure. Subjective indicators constitute an appropriate 
alternative. 

TOPIC 4 - Uncertainty and robustness 
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models and Eulerian models. From the methodological point of view, a combination of both receptor 
models and Eulerian models possibly complemented with other techniques (mainly Lagrangian 
models) appears as the most dynamic area in the further development of source apportionment tools.  

●  
● The IAM optimization approach fully responds to the AQ Directives. The emission reduction 

measures are selected by an optimization algorithm that assesses their impact on air quality, health 
exposure and implementation costs. Such optimization algorithms require thousands of air quality 
assessments; in these cases, AQ systems cannot directly be used because of the high computing time 
demand, so they are used to provide a limited number of simulations that are then processed to 
identify ‘simple’ emissions-AQ links (source-receptor relationships/models) that are able to capture 
the specific features of a region. 

 
● There is a need to establish an evaluation protocol in order to standardise and harmonise validation 

and uncertainty estimation methods in EU countries. Within an IAM framework, model evaluation 
and uncertainty estimation are more regularly performed in air quality modelling, while they are 
rarely applied in other IAM components such as, for example, in the health impact assessment. 
Operational and diagnostic evaluations are the methods preferred both in the case of modelling for the 
purpose of air quality planning as well as for research projects. For the purpose of air quality plans, 
expert judgement is also frequently used. Uncertainty propagation methodologies are used, although 
not so often, to quantify confidence levels of air quality model results.  

 

3. The design of an IA framework interconnecting national, regional, 
local models  
An Integrated Assessment System framework, at the regional and local scale, has been designed starting from 
the results of the revision phase. It is based on the EEA DPSIR scheme. The building blocks and the 
connections among them are represented in Figure 4. 
 

 

  
Figure 4: the DPSIR scheme adapted to IAM at regional/local scale.  
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that cost-effective measures are selected. An evaluation of costs and impacts can only be performed 
“ex-post”. 

● optimization (Figure 5, b). This approach identifies cost-effective measures to improve air quality by 
solving a mathematical programming problem. During such a process, abatement costs and impacts 
are continuously compared until the least costly set of measures is found, so that a given air quality 
target is met (or vice versa, minimizing the Air Quality target given a maximum available budget). 
This approach guarantees the selection of the set of policies that are cost-effective for a given domain 
and, in principle, can incorporate all costs and impacts in the optimization procedure. 

 

 
Figure 5: the DPSIR scheme adapted to IAM at regional/local scale. The red arrow in the Figure represents the 
“feedback on cost-effectiveness”, provided by the optimization approach. 
 
 

4. The taxonomy of Air Quality plans 
The	  IAM	  framework	  can	  be	  used	  to	  classify	  air	  quality	  plans	  according	  to	  the	  complexity	  of	  the	  available	  data	  
and	   the	  methodologies	   used.	   An	   overview	   of	   these	   different	   levels	   and	   their	  main	   characteristics	   for	   the	  
different	  blocks	  is	  given	  in	  Table	  1.	   

Table	  1	  Different	  levels	  of	  detail	  for	  the	  different	  DPSIR	  blocks. 

DPSIR	  blocks Levels	  of	  complexity 

Low Medium High 

DRIVERS 

	   

Activity	  levels	  and	  emissions	  are	  
estimated	  for	  the	  11	  macro	  sectors	  
(SNAP1	  classification)	  at	  a	  low	  spatial	  
resolution	  (e.g.	  national	  level),	  using	  
by	  default	  a	  top-‐down	  methodology.	  
Due	  to	  the	  limited	  detail	  in	  the	  sector	  
contributions	  and	  spatial	  resolution,	  
this	  level	  does	  not	  allow	  for	  detailed	  
scenarios	  at	  a	  local	  scale. 

Combination	  of	  bottom-‐
up	  and	  top-‐down	  
methodology	  is	  used	  
(SNAP2	  or	  SNAP3	  
classification). 
Emission	  factors	  and	  
activity	  data	  
representative	  for	  the	  
study	  area	  are	  used	  

Emissions	  and	  activities	  are	  
calculated	  with	  the	  finest	  space	  
and	  time	  resolution	  required	  
for	  the	  purpose	  of	  the	  IAM	  
application,	  with	  a	  bottom-‐up	  
approach	  and	  finest	  level	  
classification	  at	  least	  for	  the	  
significant	  emission	  sources	  for	  
the	  area	  of	  interest. 

PRESSURES 
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based	  on	  expert	  opinion,	  with/without	  
modelling	  support	  to	  test	  the	  
consequences	  of	  a	  predefined	  
emission	  reduction	  scenario	  on	  an	  AQI	  
or	  better	  an	  health	  impact	  indicator	  
(HII).	  In	  this	  context,	  the	  costs	  of	  the	  
emission	  reduction	  actions	  can	  be	  
evaluated	  as	  an	  output	  of	  the	  
procedure	  if	  the	  data	  for	  such	  cost	  
computation	  are	  available. 

sources	  of	  emissions	  
that	  are	  influencing	  an	  
AQ	  index	  are	  derived	  
through	  a	  formal	  
approach;	  this	  then	  
allows	  selection	  of	  the	  
measures	  that	  should	  
be	  applied	  to	  improve	  
the	  Health	  Impact	  
Indicators.	  Again,	  
emission	  reduction	  
costs,	  if	  computed,	  are	  
usually	  evaluated	  as	  a	  
model	  output. 

mathematical	  approach	  and	  
costs	  are	  usually	  taken	  into	  
account. 

 

The analysis of individual AQPs can be summarized using a radar chart. For each block of the framework, 
five levels of complexity have been defined: N/A – information not available, Level 0 – the block is not 
considered in the AQP, Level 1 – low level of complexity in the implementation, Level 2 – medium level of 
complexity, and Level 3 – high level of complexity. 
The radar chart in Figure 6 represents the “average graph” computed considering all plans available in the 
database. 

 
Figure 6: A radar graph representing the average complexity level of AQ plans. 

 

5. AQ policies uncertainty assessment  
Uncertainty and Sensitivity analyses are key issues in the definition and evaluation of emission control 
strategies. An AQ plan should include information about the source of uncertainty related to each part of the 
IA modelling system used to define it. Such assessment is a very complex task due to the fact that an IAM is 
implemented by a set of integrated models, whose input are usually uncertain and whose output can become 
the input of the next stages. This fact makes the analytical and partial derivative related methods for both 
uncertainty and sensitivity analysis quite impossible to be used on the overall system, and sometimes also for 
a portion of it.  
 
In the next subsections, a brief discussion about the specific uncertainty sources for each block of the IAM 
framework is presented.  
 
Main uncertainties of DRIVERS block components are: 

● Road traffic: Traffic models and/or detailed road segment specific traffic information are relatively 
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Figure 7: Summary of complexity levels for the eight studies considered. 
 
Based on the analysis for the AQP studies the following observations can be made: 

● Much effort is put into quantifying the drivers and pressures (emissions) in all the studies that 
were considered. In all examples, the drivers are treated at the highest level of complexity and 
only in one of the examples the emissions are based on a top-down and thus ‘low level’ 
methodology. Regardless of this already high level of detail, the drivers and the emissions are still 
seen by some studies as the topic where most of the additional guidance would be welcome; and 
more in particular the guidance document should be extended with practical references to 
additional data sources with an emphasis on: (i) ‘real life’ emission factors for traffic, domestic 
heating (wood/coal burning appliances) and agriculture; (ii) projections and future estimates and 
(iii) practical examples on combining emission inventories at different scales. 

● The state (concentrations) is in all the examples handled with one or more models. For some of 
the AQPs that lack detailed local scale concentration assessments, it is also acknowledged that 
this is a point for improvement. The document needs to be extended with guidance on using data 
assimilation and a better reference should be made to FAIRMODE initiative for the evaluation of 
model results. 

● Uncertainty, both in the emissions and concentrations, is not addressed except in a single research 
study, which was included in this analysis. Based on the feedback given from the 8 cases, there is 
however need for additional guidance on how to perform such analysis. 

● Even if health impact is considered in most of the examples, this is never done based on a detailed 
temporal and spatial resolution for the exposure and population data (in three of the plans health 
impact is not addressed at all). Also for this topic more practical guidance would be welcome with 
references to real case applications and to where input data (dose-response, ..) can be found. As 
this is a subject unfamiliar to most of those involved in developing air quality plans, some of the 
topics addressed in the guidance document should be better explained. 

● Only the two studies using the RIAT+ modelling system rely on a multi-objective optimisation 
method to identify the optimal mix of abatement measures. It can however be noted that for both 
applications, even if they imply the highest level of complexity for the response block, some of 
the identified improvements relate to the database, e.g. the costs and emission reduction 
efficiencies for the abatement measures or the weights attributed to single objectives when doing 
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The system runs as a stand-alone desktop application and can be downloaded (free license) from the project 
web-site  (http://www.operatool.eu/download/). RIAT+ has been already applied in Emilia-Romagna Region 
(IT) and in Alsace (FR) during the OPERA project and in Lombardy Region to evaluate AQP measures. 
The tool allows the two possible decision pathways already mentioned in the DPSIR scheme: scenario 
analysis and optimisation. The main outputs from RIAT+ are a summary of emission reductions on the 
domain, a table of the application rates for the different measures, maps of a set of relevant air quality indexes 
(AQIs) and, for the optimization pathway, the Pareto Curve providing the efficient solutions of a specific AQI 
ranked by costs.  
A source receptor (S/R) model is used, internally, to link emissions (pressure) to an air quality indicator, that 
represent the state. A S/R model can be as simple as a linear relationship, or as complex as a chemical 
transport model (CTM). To limit the computational time, RIAT+ normally uses a nonlinear relations 
identified by means of Artificial Neural Networks (ANNs), tuned to replicate the results of a limited set of 
simulations performed by the users with deterministic air quality model calibrated for the specific site. 
The selection of which simulations to use is an important aspect in setting up the ANN. They must be 
representative of the range of emissions/concentrations that can be encountered during the optimization 
procedure. The definition of this training data set is typically referred to as the ‘Design of Experiment’: this 
establishes the configurations for the CTM simulations.  
Both the test cases are presented below with the same scheme: a quick introduction on the area and the 
proposed abatement measures, followed by the application of RIAT+, with a focus on the technology database 
used, the chemical transport modelling runs, the Design of Experiment and the identification of the source-
receptor models and, in the end, the results obtained. 

Bruxelles case study 
The Brussels Capital Region (BCR) has an area of 161 km2 and is home to more than 1.1 million people. The 
region consists of 19 municipalities, one of which is the Brussels Municipality, the capital of Belgium (Figure 
8).  

 
Figure 8: Location of the BCR (red zone) in Belgium. 
 
The proposed abatement measures were provided by BIM1: they are a list of 13 measures consisting of 9 
traffic measures and 4 domestic heating measures, that have been approved by Brussels authorities. For these 
abatement measures, BIM provided order-of-magnitude estimations of the costs and emission reductions. 
The RIAT+ database with abatement technologies that are available for the macro-sectors of interest – non-
industrial combustion (2) and transport (7) – was derived from GAINS Europe 
(http://gains.iiasa.ac.at/gains/EUN/index.login?logout=1) and the OPERA project database 
(www.operatool.eu). 

                                                        
1	  Brussels	  Environment,	  BIM	  (http://www.ibgebim.be)	  is	  responsible	  for	  the	  study,	  monitoring	  and	  management	  of	  air,	  
water,	  soil,	  waste,	  noise	  and	  nature	  (green	  space	  and	  biodiversity). 
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For air quality modelling of the BCR, the AURORA chemical transport model (see: 
http://pandora.meng.auth.gr/mds/showlong.php?id=167) was used with a domain of 49 x 49 grid cells at 1 km 
resolution (Figure 9) with base emissions for the year 2009 and a hourly time step. For the vertical 
discretization, 20 layers were used for a domain extending up to 5 km. 

 
Figure 9: Model grid used for the CTM calculations. 

 
The results model setup were validated by comparison to the observed values at the measurement stations 
inside the model domain. For the model validation, the FAIRMODE methodology 
(http://fairmode.jrc.ec.europa.eu/) was adopted. 
For the Design of Experiment phase, three levels of emission reduction were distinguished: base case (B), 
high emission reductions (H) and low emission reductions (L). In order to determine the emission reduction 
scenarios for the ANN training, the three levels B, H, L were combined to produce 14 emission scenarios. 
These scenarios were applied to the emissions both in and outside the policy application domain (PAD), 
which, in this case, is the BCR. 
In this study, the AQIs considered are: 

● PM10: yearly average of PM10 concentrations 

● NO2: yearly average of NO2 concentrations. 
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RIAT+ was then run with this S/R model to look for optimal policies beyond the 2020 Current LEgislation. 
As the emission changes, that can be obtained with the selected set of measures, are limited, unsurprisingly, 
the concentration changes are also limited. Figure 10 shows an example of NO2 concentration changes due to 
the emission abatement measures.  

 
Figure 10: Yearly average NO2 concentration changes (µg/m3) for all traffic and all non-industrial heating 
measures as well as for the combination of these two in 2020 compared to the reference (CLE 2020). The number 
in parentheses is the maximum concentration change. 
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Porto case study 
The Great Porto Area is a Portuguese NUTS3 subregion involving 11 municipalities. It covers a total area of 
1024 km2 with a total population of more than 1.2 million inhabitants (Figure 11).  

 
Figure 11: Location of the Great Porto Area in Portugal and in the Northern Region of Portugal. 
 
The GAINS database of reduction technologies, which contains a large data set collected for Portugal by 
IIASA (http://www.iiasa.ac.at), was used.  It contains values for the years 2010, 2015, 2020 and 2025, 
including costs and emissions effects. The reference scenario «TSAP» of March 2013 was considered in the 
study. 
The TAPM2 model was applied to the Great Porto Area (150x150 km) for one entire reference year (2012) 
with a 2x2 km2 spatial resolution using disaggregated emissions from the Portuguese 2009 emission 
inventory, which is the most recent available. Extending previous evaluations of the same model for the Great 
Porto Area, the results of the TAPM simulations were compared to the measured values at the monitoring 
stations inside the model domain. As in the Brussels case, the FAIRMODE methodology was used for the 
validation (http://fairmode.jrc.ec.europa.eu/). 
The Design of the Experiment was influenced by the computational time constraints, so just 10 emission 
reduction scenarios were simulated. Processing the TAPM simulation results, low and high concentration 
levels were obtained. Each TAPM simulation is a full year with a hourly time step. The target considered in 
this application was the PM10 annual mean. 
RIAT+ was applied in the optimization mode and Figure 12 shows the efficient solutions obtained for the 
Great Porto domain. On the horizontal axis of the figure, there are industrial costs (i.e. those related to the 
implementation of end-of-pipe measures), considered over CLE (i.e. those mandatory under the current 
legislation) and expressed in M€. On the vertical axis, there is the spatial average of PM10 annual mean (the 
AQI value for this particular case) estimated over the entire study area.  

                                                        
2	  The	  Air	  Pollution	  Model	  (TAPM)	  (see:	  http://pandora.meng.auth.gr/mds/showlong.php?id=120) 
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Figure 12: Pareto curve for the optimization of PM10 yearly mean concentration. 
The Pareto Curve shows that a PM10 mean concentration of 28.8 µg/m3 can be reached by adopting emission 
reduction technologies costing around 7.6 Million € per year, but shows at the same time, that a mean 
concentration below 28 µg/m3 cannot be attained even investing a very large sum of money in local 
reductions. To further improve air quality, a much larger application domain must be considered for reduction 
measures. 
For the point of the Pareto curve mentioned above, Figure 13 shows the spatial distribution of average PM10 
annual concentration values. The largest reduction of PM10 emissions and concentration levels are expected 
over the Porto municipality where the population has the highest density.  
 

 
Figure 13: Mean PM10 concentration resulting from RIAT+ application (point C of the Pareto curve). 
 

Main comments to the test cases 
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