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2 Operational Procedure for Emission Reduction Assessment

Air pollution is an environmental issue of major 
concern in Europe, as highlighted by the EU Thematic 
Strategy for air quality (COM 2005 446) and Directive 
2008/50/EC on ambient air quality and cleaner air 
for Europe. Despite a general improvement in recent 
years, some regions in Europe still maintain pollutant 
levels that threaten human health and ecosystems. 
This is the case, for instance, of the Po Valley, located 
in Northern Italy, where high population and emission 
densities, and poor meteorological dispersion lead 
to severe levels of fine particulate matter (PM2.5) 
and ozone concentrations, causing evident negative 
impacts.
Due to the complexity of the phenomena involved in 
the formation and accumulation of these secondary 
pollutants in atmosphere, Decision Makers (European 
Commission, national and regional authorities) need 
effective computer tools enabling the assessment of 
the effectiveness of emission control policies for the 
environment, the economy and the society.
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CNRS (LIVE, UMR7362, FR)
www.cnrs.fr
Université de Strasbourg (FR)
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Regione Emilia Romagna (I)
www.regione.emilia-romagna.it
ASPA (FR)
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JRC – IES - EC
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Fig. 1: Closed loop or optimization approach in the classical DPSIR 
scheme. Responses are defined on the basis of impacts.

OPERA project
The goal of OPERA project (LIFE09 ENV/IT/092) was 
the definition of a methodology and its implementation 
in a software tool, RIAT+, to support regional/local 
authorities in the definition, application and evaluation 
of air quality plans policies, devoted to the reduction of 
population exposure to PM10, PM2.5, NO2 and O3. Each 
action of the air quality plan (response) is evaluated 
both in terms of air quality concentrations (state) and 
in terms of costs (impacts).
RIAT+ goal is to maximize the environmental benefits 
at fixed costs, or minimize costs at fixed environmental 
benefits. GHG emission reduction and health impact in 
terms of external costs can also be assessed. Thanks 
to the experience in two specific regions, Alsace and 
Emilia-Romagna, RIAT+ has been designed and tested 
to answer regional requirements in air quality planning.

Opera project
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When designing air pollution reduction policies, 
regional decision makers face a limited budget, that 
should be used to set-up efficient measures impacting 
on several pollutants in different ways to obtain the 
respect of EU air quality thresholds. 
The methodology to face this challenging problem 
can foresee two possible decision pathways, which 
can be easily described through the DPSIR (Drivers-
Pressures-State-Impacts-Responses) scheme: 
• open-loop, or scenario analysis. This is the approach 
mainly used nowadays to design the air quality plans 
at regional/local scale. Emission reduction measures 
(Policies) are selected on the basis of expert judgment 
or Source Apportionment and then they are assessed 
through simulations of an air quality model. This 
approach does not guarantee the cost-effectiveness 
of the chosen measures; costs and other impacts are 
evaluated ex-post. 
• closed loop, or optimization (see Fig. 1). This pathway 
indicates the most cost-effective measures technical 
(end-of-pipe) and non technical (energy efficiency and 
behavioral) - for air quality improvement by solving 
an optimization problem to reduce pollution, explicitly 
considering their impacts and costs.
RIAT+ is a regional integrated assessment software 
tool that helps tackling this challenge, supporting the 
policy makers in the selection of optimal emission 
reduction technologies, to improve the air quality at 
minimum costs.
RIAT+ is an integrated modeling environment 
using tabular and geographic data, simulation and 
optimization models, graphical and geographical user 
interface, focusing on the regional scales (see Fig. 2 
for a scheme of RIAT+). The method and the tool are 
general and easily applicable to different regions, 
incorporating explicitly the specific features of the area 
with regional input datasets:
• precursor emissions of local and surrounding sources
• measures (technical and non technical) 
• meteorology and prevailing chemical regimes 
through some source receptor functions (or models)
Peculiar components of RIAT+ core system are:
1. a multi-objective optimization problem solver, i.e. 
one or more air quality indicators (e.g. yearly PM10 

Fig.2: RIAT+ block diagram with I/O and the core system

average) are reduced in the policy application domain, 
minimizing the costs of emission reduction measures 
costs to obtain this concentration reduction. The 
solver is able to select and present to RIAT+ user 
the entire set of efficient abatement measures, in 
terms of application rates (i.e. penetration levels to 
be reached).
2. since a CTM (Chemical Transport Model) cannot be 
run in real time within RIAT+ optimization procedure 
for its CPU time requirements, a simpler relationship 
between emission sources and air quality indicators 
at given receptor sites (S/R models) is used in RIAT+ 
optimization algorithm (Artificial Neural Networks –
ANN in the following regional applications).
This approach compared to the traditional linear 
regression model (used in other systems), captures the 
non-linearities in the relationships between emissions 
and concentrations, maintaining a low CPU time. 

3. In RIAT+: different air quality indexes are included 
(yearly average of PM10, PM2.5, and NO2, PM10 daily 
exceedances, AOT40, O3 8hrs maximum); the budget can 
be constrained to a specific value (cost-effectiveness 
approach) or can be split in different macrosectors; 
policy application subdomain (e.g. critical air quality 
zones) can be defined; state-of-art technologies may 
be fixed for some years while older technology could be 
substituted; optimization can be limited to a subset of 
macrosector technologies; scenarios can be simulated 
fixing aggregated emissions or specific technologies.

What is RIAT+?
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Alsace current situation 
Alsace is situated in north-eastern France, alongside 
Switzerland and Germany, in the geographical and 
historical region of the Upper Rhine Valley. The valley, 
embanked between the mountains of the Vosges 
and the Black Forest, creates winds that promote 
air pollution, with frequent temperature inversions 
in winter and subsequent high concentrations of 
pollutants. The periods of wind calm and summer 
heat often lead to high ozone concentrations, with 
stagnation in the sensitive areas of the relief due to 
the mechanisms of valley breezes. Moreover, with 
its border location, Alsace is situated at Europe’s 
economic crossroads around the Rhine. This generates 
a lot of traffic. It also hosts important industrial 
activities, varying from large industrial sites to small 
and medium enterprises. The industrial sites around 
Mannheim (North-East pattern, Germany) also 
contribute considerably to air pollution in Alsace. This 
particular configuration causes air pollution problems 
mainly along the traffic axes and in the three major 
cities (Strasbourg, Mulhouse, Colmar, see Fig. 3).
For Alsace, the following objectives are defined:
• Reduction of emissions of nitrogen oxides (NOx) and 
ammonia (NH3) and PM10 precursors; 
• Respect of the NO2 annual limit value (40 μg/m3) and 
of the PM10 daily limit value (50 μg/m3 to be exceeded 
less than 35 days per year);
• Reduction of concentrations of PM2.5 by 30% 
between 2010 and 2015.
The Regional Scheme on Climate, Air and Energy in 
Alsace (SRCAE, DREAL/Région Alsace, released in June 
2012) defines the strategy for air quality and climate 
protection in Alsace.

Fig.3: exceedances of NO2 yearly limit values (40 μg/m3) and daily 
PM10 (50 μg/m3) and target value for ozone (120 μg/m3 over 8h), 
ASPA 2011

RIAT+ Input 
Figure 4 shows the share of each macrosector in 
2005 NOx emissions (traffic weights more than 50%). 
The emission scenarios and the resulting air pollution 
simulations have been produced on a domain grid 
covering the Alsace Region and the surrounding areas 
which influence its air quality.

Fig.4: NOx emissions in Alsace in 2005

Fig.5: Alsace domain grid for simulation (right); subdomains for 
optimization (left) based on the European reporting zones and 
on the so-called sensitive zones of the regional air quality and 
climate protection plan (SRCAE)

The gridded emissions were prepared using the 
tool MANAG’AIR (ASPA, www.atmo-alsace.net). Air 
pollution has then been simulated for the year 2005 
using WRF/CHIMERE (IPSL/INERIS/CNRS, www.
lmd.polytechnique.fr/chimere). Finally, air quality 
indicators (AQI) have been calculated and the neural 
networks trained and produced.
For Alsace, different subdomains for optimization 
(Fig.5) have been defined: the whole Alsace, the 
four “European reporting zones” and the so-called 
“sensitive zone”, as defined in the SRCAE, representing 
the priority areas for air quality and enclosing about 
29% of the territory and 63% of the population.

RIAT+ application
to Alsace
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Fig.6: Results for the optimisation of NO2 (pareto curve for NO2 
yearly average concentrations, left) and contemporary pareto for 
PM10 and ozone (right).

Fig.7: RIAT+ emission reductions corresponding to point 3 
of the Pareto curve (about 11 μg/m3 for NO2 average yearly 
concentration)

Fig.8: Example of activity details given by RIAT+

Fig.9: Absolute reduction of PM10 emission, obtained with 
RIAT+: pareto curve’s point 2 (optimization objective: mean PM10 
concentrations in winter)

Optimisation with RIAT+
Example results for the optimisation of the mean NO2 
concentration (in the sensitive zones, for the whole 
year) and its side-effects on NO2 in winter, PM10, 
PM2.5 and ozone (SOMO35) are shown in Fig.6. The 
Pareto curve (a curve providing the optimal solutions 
ranked by costs) shows five possible combinations of 
reduction measures and their cost and AQI.
For the third point (p3) of the Pareto curve, Fig.7 
shows that emission reductions of NOx essentially 
occur in the sector “8: other mobile sources”, “7: road 
transport” and sectors “1: combustion in energy and 
transformation industries”. Costs (~11 M€/year above 
those requested by the Current Legislation)) are mainly 
assigned to sectors 1 and 8. RIAT+ produces a list of 
the measures and of their penetration to obtain these 
reductions (see Fig. 6).
Another example is the optimisation of PM10 
concentrations in winter. Figure 7 shows the reduction 
of PM10 emission obtained by the application of a 

proposed set of measures.
RIAT+ could be used to support the implementation 
of an action plan like SRCAE and to highlight new 
proposals. Examples of possible Alsace most effective 
measures are:
• Better devices for wood-fired stoves
• Higher standard for agriculture and forestry mobile 
sources

• Spraying water at construction places
• Higher standard for railway mobile sources (diesel)
• High efficiency emission abatement system in 
fertilizer production
• High efficiency emission abatement systems in non-
ferrous metals production
• Higher standard on light duty vehicles 
• Higher standard on light commercial trucks (diesel)
• Combustion modification on oil and gas industrial 
boilers & furnaces
These results have been presented to local decision 
makers and technicians and can potentially be 
integrated in future strategies.
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Initial situation
Emilia-Romagna region is located in the south-west 
part of the Po valley basin, a densely populated and 
heavily industrialized area, where meteorological 
conditions, due to the low wind intensity, cause the 
stagnation of the air masses, associated with peak 
pollution episodes of PM during Winters and high level 
of ozone during Summers. The daily Limit Value (LV) for 
PM10 was exceeded every year since the enforcement 
of the EU directive (2005) with a slow decreasing trend 
of PM10 annual mean during 2001 – 2012.
NO2 annual limit value shows some exceedances 
mainly in the traffic stations and a decreasing trend. 
Ozone health and vegetation protection limit values 
are systematically exceeded in all the stations with a 
stationary trend during 2001-2012. The data show also 
that the annual LV for PM2.5 (obligation from 2015) can 
be exceeded with adverse meteorological conditions. 

Fig.10: Spatial distribution of PM10 annual mean background 
concentration (year 2012)

Fig.11 O3 exceedances (2007-2012) of the long term health 
objectives (blue line: average of all stations; blue bars: suburban 
stations range; green bars: rural background stations range; red 
bars: urban background stations range)

Fig.12: Domains defined for RIAT+: domain grid for model 
simulation (up); subdomains for optimization in the so-called 
sensitive zones (below-right) and based on the European 
reporting zones (below-left)

Main sources of PM and ozone precursors, such as 
NOx and VOCs, are mainly related to road transport 
and combustion. Almost 60-65 % of particulate matter 
is of secondary origin and a large part of particulate 
matter and ozone pollution is due to regional 
background that is influenced by the transport of 
pollutants from the neighboring regions of the Po 
valley basin. NO2 exceedances are mainly due to local 
pollution, nevertheless the background concentration 
of NOx plays an important role in the production of 
the secondary aerosols. Ammonia (which is mainly 
emitted by agriculture) is an important precursor of 
PM in the Po valley. Diesel trucks are responsible for 
a large part of NOx emissions. Emissions from wood 
burning and motor vehicles (exhaust and not exhaust) 

are the main sources of PM10. 
The results of model simulations of the current 
legislation scenario at 2020 (CLE 2020) show that the 
daily limit values for PM10 can be exceeded also in 
the future. For this reason Emilia-Romagna Region 
government adopted in December 2012 the guidelines 
for the elaboration of the Regional Air Quality Plan 
(PAIR2020) and approved the preliminary air quality plan 
document in July 2013. PAIR2020 preliminary document 
defines the emissions reduction target at regional level 
for the main pollutants responsible for PM and ozone 
pollution (NOx, PM10, VOCs, NH3 and SOX) and defines 
the main intervention sectors to achieve the objectives. 
Its integrated approach involves transport, energy, 
agriculture, industrial activities, domestic heating, 
with a special attention to a sustainable management 
of urban areas as well as coordination between the 
objectives of reducing greenhouse gas emissions and 
of recovering air quality. 
The emissions reduction target for PAIR2020 were set 
during the OPERA project by a cost – effectiveness 
analysis based on the implementation of the RIAT+ tool 
to the Emilia-Romagna regional domain.

RIAT+ application
to Emilia Romagna
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Optimisation with RIAT+
The emission scenarios and the resulting air pollution 
simulations have been produced on a domain 
grid covering the Emilia Romagna Region and the 
surrounding areas which influence the regional air 
pollution as presented in Fig.12. The gridded emissions 
(year 2010) were prepared using the tool eFESTo. Air 
pollution concentrations have then been simulated 
for the year 2010 using NINFA (www.arpa.emr.it) 
computing air quality indicators (AQI) and producing 
ANN S/R models. Different subdomains for the 
optimization (Fig.12) have been defined: the whole 

Fig.13: Pareto curve for the optimisation of PM10 (yearly average 
concentrations in blue, and the corresponding effect on NO2 in red 
and ozone - AOT40 in green)

Fig.14: RIAT+ emission reductions corresponding to point 3 of the 
Pareto curve circled in Fig.13

Fig. 15: Example of measure details given by RIAT+

Fig. 16: Average PM10 concentrations resulting in RIAT+ (point 2 
of the pareto curve in Fig.13)

Emilia Romagna, nine Provinces, four “European 
reporting zones”, and the so-called “sensitive zone”.
First, RIAT+ has been applied to the optimization 
of the yearly PM10 average on the whole Emilia 
Romagna; the resulting Pareto curve is represented in 
Fig.13 showing five points each representing different 
optimal combinations of reduction measures. Pareto 
curve’s y-axis represents the pollution level as a 
spatial averaged over the whole domain in percentage 
reduction respect to the CLE 2020 value (1st point 
in the pareto curve). The costs (x-axis) are indicated 
in percentage as values beyond CLE 2020 scenario. 
Analysing emission reduction (Fig.14) corresponding 
to point 3 of the Pareto curve in Fig.13, it can be seen 
that a significant reduction of NH3 should be reached 

acting on agriculture macrosector, while NOx reduction 
should be obtained through transport and other mobile 
sources macro-sectors. Actions on residential heating 
should be promoted to reduce a large part of primary 
PM10 emission.
RIAT+ gives a detailed list of measures to obtain these 
reductions (see Fig.15) linked to pareto curve point 3. 
Finally the resulting PM10 yearly average concentration 
map of this optimal scenario is represented in Fig.16.
The combination of different runs with single or 
multi-pollutant optimization objectives leads to the 
following list of priority measures to be implemented 

in Emilia Romagna:
• energy efficiency measures in the residential sector 
including improved fireplaces
• high efficiency oil and gas industrial boilers and 
furnaces in manufacturing industry
• significant replacement of old heavy and light duty 
diesel vehicles (i.e Euro5 and Euro6), as well as an 
increase of the limited traffic zones and cycling paths
• replacement of oldest construction and agriculture 
vehicles
• agriculture and livestock: urea substitution in 
fertilizer and improved farming practices (low nitrogen 
feed, covered outdoor storage of manure ...)



Fig. 17: OPERA 
project website 
(www.operatool.eu)

Fig. 18: RIAT+ 
interface with the 
information needed 
to create a new 
region application

Contacts:

OPERA coordinator:
Eriberto De Munari
Agenzia Prevenzione Ambiente (ARPA) 
Emilia-Romagna
Via Po, 5 40139 Bologna – ITALY
phone: +39 0521 976122
e-mail: edemunari@arpa.emr.it

RIAT+:
To download RIAT+ register at:
www.operatool.eu
for any request e-mail at:
riat@terraria.com
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How to apply RIAT+ 
in my Region

To apply RIAT+ in your Region at first you need to 
download RIAT+ installation kit (the software, the user 
guide, and two regional test cases) from the OPERA 
website. RIAT+ is free of charge: only an end user 
license agreement (EULA) should be signed online.
RIAT+ is developed for Windows operating system. 

These are the minimum hardware requirements:
• CPU, no request, the current standard (3 - 3.50GHz) 
will guarantee an acceptable computation time
• RAM: minimum 2GB
• Disk storage: minimum 4GB (any simulation will 
require additional disk space)
After installation, the user can create a new RIAT+ 
regional structure through the menu and prepare 
the specific regional input following the User Guide 
instructions. Minimum data required are:
• domain definition
• emissions (gridded, per municipality or aggregated)
• source receptor functions (ANNs, linear …)
Now you’re ready to work with RIAT+: enjoy your RIAT+ 
optimal policies definition!


