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Abstract: Tropospheric pollutants originate from complextical reactions and physical processes involviegyrsor emissions, namely
VOC, NQ, NHs, primary PM and S Decision makers should thus develop reductiongtaf precursors emissions to fulfil national and
international commitments, such as EU directive8950, minimizing the implementation costs of sutdmp. The paper presents the design
of the Regional Integrated Assessment Tool (RIAR)Decision Support System implementing a multi-cibje methodology for Air
Quiality planning.
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INTRODUCTION

In recent years, integrated assessment models (lAMsontinental scale, namely RAINS/GAINSreenhouse Gas and Air
Pollution Interactions and Synergigshescribed in Amanat al, (2004), have been adapted to the national SRAENS-Italy by
ENEA (Zaniniet al, 2005), RAINS-Netherlands (Hettelingt al, 2001), FRES-Finland (Johansseial, 2001) or UK-
IAM (Oxley et al, 2007) are examples of this process. These madplement the same approach as continental ones and
thus are not well suited to support the Air Qualifianagers at the local/regional scale. Indeed, rabshe air quality
agencies nowadays lack tools for an efficient pilagand are limited to the use of simpler approadiseenarios analysis).
The objective of the work reported in this papenifill this gap by designing an enhanced methogpland implementing a
tool to identify efficient local policies complyingn the one hand, with National and EU air quadtgndards and, on the
other hand, with local emission and meteorologieatures, as well as financial, technological andiad constraints.
Therefore the proposed IAM is focused on local &saiscale to interpret the specific features otiea, the meteorological
and chemical conditions of the domain, the contiilsuof regional and local precursor emissions. &M solves a multi-
objective (air quality, internal and external cystgtimization problem to select effective abatehwrategies (Pisort al,
2009). The decision variables are the emissioneatiait measures and the final solution provideddhst costly mix of
abatement measures needed to reach any desiresl ofahir quality. Artificial neural networks areatsto describe the
nonlinear relations between precursor emissionsicteghs and an air quality index (AQI), that defnthe air quality
objective. These neural networks are trained teatjoreplicate the output of a complex long-term @erministic multi-
phase modelling system (Carneveleal, 2009), that would be too complex to be directbed within the optimization
procedure. The internal costs are due to the impheation of emission reduction measures, whileetkternal costs assess
the damage due to pollution exposure of the pojoumlan the domain under analysis (Pisehal, 2009b).

The design of this Regional Integrated Assessmeal (RIAT), implementing the described methodologpiissented in the
paper. Its first application will be for Region Loardia in Northern ltaly (Figure 1), where severeoselary pollution
episodes take place almost every year.
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Figure 1. RIAT application domain.
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THE RIAT DECISION SU PPORT SYSTEM (DSS
RIAT is a multifanguage DSS, developed as an «source, standdone application with J2SE platform (Java 2 stah
edition) for Microsoft Windows operating syste

The system (Figure 2) consists of:

« Four data interface procedures, that extract napgestata rom a large set of input files, namely from teclogyyl
database in GAINS, from current air quality plaA®P), from the local emission inventory (El), amdrfi the output o
the 3D chemical and transport model (CTM) to develop epipnated sourc-receptor (SR) relationship:

« Four databases which are the output of the aboveepures (geographical and gridded emissions, mieatemeasure:
S-R models, plus information on the population expesasts

e Three internal procedures (gridding, optimizatiod output formatting)

« Five deliverable databases (emissions, abatemesdures, AQIs, internal and external costs anddbjlés) that may
also be represented in geographical te

AQPs represent reference conditions that the ugserassume as start points. They correspond for instance to

application of current legislation (CLE) as alregalginned by international agreements for some yedhé future (e.c

application of all the abatement measures thathwilcompulsory in year 2015 with atain removal efficiency), or to tt

maximum potential application of all the abatemiahnologies currently available. Though this plapresents the mao
expensive (and possibly unrealistic) solutionsiektremely important for the user since itines the feasible range of
quality values, i.e. the environmental conditidmattmay be actually reached by defining some adiothe area considel.

It is clear in fact, that air pollution cannot legluced below a certain level, both becaushe influence of the surroundit

emissions and because available technologies carerot emissions, unless the corresponding acsvidiee closed (

decision not allowed within RIAT).

The data interface procedures

Interface procedureaccess external (a i.e. data linked to but not included in RIAT. Tingerfaces available in the fir

implementation of the system for Lombardy regioa tée following

e Interface RIAT-emission inventory. The aim of this interface iscampilethe Lombardy Regio emissions database
INEMAR (INventario delle EMissioni in Ari, www.arpalombardia.it/inemar/inenteyme.htr) into the RIAT working
format, providing emissiofior each considered pollutant, for each spatiat (ini the case of Lombaiia, NUT4 -
municipalities), for each type of emission source (point, arehgridde source) at the level of SNAP3 and fuel t.

* Interface RIAT-GAINS. This interface compiles GAINS measure/tedbgp database into the RIAT working form
providing for each year removal efiency (for each pollutant), application rate (underrent legislation and potent
for the different years), and unit ct

« Interface RIAT- AQP.A specific RIAT internal loader developed in JAVA Iwallow uploading the input fils
containing a set of sgific measures in the respective file format tigfoboth a worksheet interface and a classical
for single measures. New measures should respeabps measures format in terms of removal efficyempplicatior
rate, reference co$tinction and yer considered (using or modifying an existing GAINBe or creating a new ol
through a specific module).

« Interface RIAT-CTM. This interface procedure extracts from CTM wiations the information needed to ident
source receptor functions. This implertation uses TCAM (Carnevat al. 2008) simulations run within the Europe
POMI project (agm.jrec.europa.ePOMI), for the year 2005. A relative high number of esitia scenarios ar
consequent AQI variations is needed to allow a solentificatior of the neural )R models
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Figure 2. RIAT DSS flow-chart
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The
The

user interface
spatial domain, the AQI to be considered, Hasible abatement measures and all the other paantieat define th

problem are set by the user through a graphicalnagiau driven interface (see figure 3). The useiogsodefine also th
specific ontent of the internal databases. For instance,Abatement measures” database contains, for eadiN&
activity, the measures/technologies for abatingssions that the user wants to consider and possjitisnize. Each meast
is characterized by &moval efficiency anunabated emission fact(ger each pollutant, in case it may be effectivarmme
than one), application rates (CLE and potentialjel$ as for various reference years (2005, 201@528nhd 2020 in the st
implementation), and unabatement costs. In quite the same way, the “fian5 database separates the emissions (f
area, or gridded) that the user wants to consslén@object of his/her decision and all the otltiess remain fixed at given
reference level (base case).

The
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Figure 3. RIAT Graphical User Interfaces scheme.

internal procedures

Theinternal proceduresre the core of the system and consist of elalmorgifocesses governed by the RIAT GUI. Tt

are

one prgrocessor (EMISSION GRIDDING), the decis problem solver (OPTIMIZATION) and a pe«-processor

(FORMATTING).

RIAT interface with emission and technology databa®®th GAINS and/or regional from AQP) is perfohiey the

EMISSION GRIDDING preprocessor. It allow

1. computing emission scenarios ole whole modelling domain and on the optimizatiomdm (the part intereste
by regional policies)

2. gridding the emissions and specifies an emissienaio in the optimization module fornr

The OPTIMIZATION module implements and solves a ti-objective problem aimed to selt effective policies to

control the primary and secondary pollutants pdparieexposure while minimizing the policy implemation costs. It

final solution is thus a curve in the plane intémrad/or external cos— AQI (the Par® boundary), each point of whir

represents an efficient mix of emission abatemeptsures, defined in terms of prioritizing abatemsettors

penetration rate of reduction measures, internak (b abatement measures implementation) and ektédoe to

population exposure) costs and air quality improsets. The problem, as anticipated, can be solveddecific area

of the computational domain.

The following air quality indexes are assessedhieysystem according to the geographical areasdmed: PM2.5 and

PM10 yearly mean concentration, AOT40 and SOMO3%fmne. Within the optimization, the relationshiptweer

the decision variables (precursor emission redosji@nd the air quality index are simulated by sbarct+receptor

models previasly identified by processing the Ic-term simulations of the chemical transport mc

All the emission activities and reduction measwgelected by the user are explicitly considered thedinternal cos

corresponds to the sum of each emission reon measure costs.

The external costs due to the population morbiditg mortality are assessed following the EU ExtemeEhodolog

(www.externe.inf).

The FORMATTING postprocessor standardizes deliverables produced byptimizer to be visualized trugh the

GIS output interface. The findRIAT outputs are the effective reduction measward their application rs, the

consequent emission scenarios, the optimized alitgindexesthe internal and external co:

The output databases
Final deliverable databases are:
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EMISSION. It contains the optimized gridded annesissions, sector and pollutants in a gridded forsnétable for

both AQ modelling and GIS visualization (Figure 4).

POLICIES. It contains the optimized measures (teldgies), their application rates and the consequegional

emission reduction.

AQI. It contains the gridded air quality indexegahbed by the application of the chosen S-R on #ueiced gridded
emissions.

COST. It contains the minimum internal costs obtaibg applying cost functions on the reduced grideledssion and
the external costs. The internal costs are cakedlasing data related to reduction measure untt efficiency, and

degree of implementation.

LST&LOG files. It contains the description of theput and of the chosen procedures, the output laaddssible
warnings or errors encountered during computattospecial focus will be dedicated to check the ecrcomputation
of each procedure (e.g. mass consistency for grifjdso that the user could follow step by stepstfstem calculations.
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Figure 4. Example of gridded output in GIS visuatiian.

Software
The main software architectural choices are:

Microsoft Windows operating system.

J2SE (java 2 standard edition) platform — Javarabgbly the most popular open-source object-oréept®gramming
language.

FORTRAN developing language for data processing.

MATLAB routines for optimization procedures, S-R mbdeentification and simulation. Both these choica®

completely transparent to the user that simply ¢hes executable files form the interface withogirsg how they have
been developed.

Apache DERBY for the databases - an open-source ak®amplemented entirely in Java, fully transactipsecure,
easy-to-use, standard-based (SQL, JDBC API, andEya

GIS interface based on GOOGLE Earth, providinguber with basic and well known GIS navigation fimts and

good cartographic information. Through GOOGLE Eéith gridded and isoline data can be visualizetaaralyzed.

RIAT is designed to guarantee:

Modularity: each process, interface or databaséddoe substituted (input and output defined forstatuld obviously

be respected).

User friendliness: a continuous follow-up of usertwices is provided and appropriate warnings sseed in case of
incoherency or selection of too complex paths (#g.request for a too complex optimization thay maver converge
or require extremely long execution times).

Efficiency.

Open-source approach.

Multi-language approach: wording is stored in aasafe file that can be easily changed.

CONCLUSIONS
For the first time, RIAT scales down IAMs typicallyorking off-line for national and international reggtions to regional
level. Additionally, it splits the overall compuian into two phases: running off-line several CTMnslations and
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calibrating, only once, simplified approximatorgidathen it uses these in an (almost) on-line ogtiin procedure, thus
supporting discussion and evaluations in a comigleiéferent style.

Following the first implementation of RIAT in the Rege Lombardia area, the Joint Research Centre istengdroceed in
applying the same methodology in other intereségions of Europe. In our opinion the implementatidrsuch a specific
application for regional cases has a great poteoti@pplication also in the context of the EU Quality Directive and may
pave the way to a new approach to regional airityuanagement in the future.
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