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Abstract: MINNI is the Italian Integrated Assessment Mouhgll System for supporting the International Nedaira Process on Air
Pollution and assessing Air Quality Policies atiar&tl/local level sponsored by the Italian Ministf/the Environment. MINNI system is
made up by two components: an Atmospheric Modeliygtem (AMS) and a Greenhouse Gas Air Pollutidaréctions and Synergies
model over Italy (GAINS — Italy). This presentatidascribes the AMS components: the emission proc¢E3MA), the meteorological
model (RAMS) and the air quality model (FARM), asttbws an extensive validation exercise over ltaly.

The simulations were carried out for a whole yaad the AMS ability to predict ozone formation atestruction under different conditions
of sun light and temperature, for different seasw@s evaluated. The modelled ozone concentratioae wompared to surface
measurements and statistical indicators such as maanalized bias error (MNBE), mean absolute ndised gross error (MANGE) and
unpaired peak estimation accuracy (UPA) were catedlfor the all stations. The results show thatrtfodel is able to reproduce temporal
evolution and spatial distribution of ozone concatitn. The statistical indicators show that AMSfpens generally well, simulating the
ozone concentrations better during summer raltzgr winter, and better at rural stations rathen ttaurban ones.
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INTRODUCTION

Ozone (Q) is produced in the troposphere by the photochalm&actions of nitrogen oxides (NOx) and volatlkganic
compounds (VOC). In the last century, the econométiadustrial development had lead to a substaintiaéase of average
surface ozone concentrations with respect to ttee 1800s (Volz and Kley, 1988; Anfossi and Sadrd®i97), reaching
levels that are potentially harmful to human healtgetation and materials. Numerous 3-D air quatibdels (Zhangt al,
2009; Bessagnet al, 2009; Mirceaet al, 2008; Baker and Scheff, 2007, etc) have been deedlto simulate the formation
and fate of @ on regional scales and significant progress waseaed in reproducing ozone pollution episodes, that
modelling efforts will continue since the complexarplay between meteorological conditions, polititamissions and
photochemical processes is not fully understood yet

This study shows results from a full year simulatiwith the Italian Integrated Assessment ModelBygtem for supporting
the International Negotiation Process on Air Pdlutand assessing Air Quality Policies at natidoedl level (MINNI).
Simulated concentrations of;@re evaluated against measurements from grouretl lvasnitoring network. The domain of
simulation covers the Italian peninsula, includihg islands: Sicily and Sardinia. The objectiveshig study are to evaluate
the modelling system capability to reproduce regiair pollution and to understand the model pentamces in relation to
meteorological conditions and monitoring statioarattteristics/type.

MINNI ATMOSPHERIC MODELLING SYSTEM — DESCRIPTION AND CONFIGU RATION

The MINNI system (Zaninet al, 2005) is made up of two main components: an Aphesc Modelling System (AMS) and
a Greenhouse Gas Air Pollution Interactions andeyas model over Italy (GAINS — Italy). The maitM& components
are: the EMMA emission processor, the RAMS mete@jiold model and the FARM air quality model.

The emission processor EMM@EMission MAnager) (ARIANET, 2006) generates houelyissions in every cell of the
simulation domain for the photochemical mechanigh?BC90, splitting the annual data from the emissioremntories by

applying daily, weekly and seasonal activity pesil(Monforti and Pederzoli, 2005), gridded spatiaxies and activity-

related speciation profiles.

The meteorological fields were produced with thegmostic, non-hydrostatic meteorological model RAiCSttonet al,
2003), which was run in a 2-way nested grid systdme: outer grid covering a large part of Central dper and the
Mediterranean Sea, with a resolution of 60kmx60kth @an inner grid including the simulation domain.

The air quality model FARM (Silibellet al, 2008) is a three-dimensional Eulerian model dgalvith the transport and the
multiphasechemistry of pollutants in the atmosphere. Gas-@haactions are described by means of SAPRC-90 chemi
scheme (Carter, 1990). The dispersion and transptre pollutants was derived from STEM-II (Carmiehet al, 1998).

The modelling system has been being used for stinglair quality in Italy for several years, andrso outcomes of the
application to year 1999 are discussed here. Thelations were carried out with the spatial refolu of 20kmx20km,

over the whole of Italy including the islands. RAM®del used the European Centre for Medium Range \&febtirecast
(ECMWEF) analysis at 0.5 degrees and 6 h resolutioimftial and boundary conditions.
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The anthropogenic emission inventory used in thigysover Italy was derived from the emissionsrfjor point sources
and for the diffuse sources at provincial level /AR 2000). These emissions are classified accordingctivity level
CORINAIR/SNAP (CO-oRdinated INformation on the Enviromén the European Community AIR / Simplified
Nomenclature for Air Pollution). For the anthropogesources of other countries included in the &tion domain the
EMEP emission inventory for 1999 was used. The drigg emissions had also two sources: APAT 2000 teér and a
global database (Guenthetral, 2005) for the other countries. The emissiongl§i&lso include the maritime activities, the
ship emissions on the national and internationatcs and the port areas. The diffuse emissionsrenhinor point sources
are distributed in the lowest model layers of FARMd®=l (below 50 m) with 80% in the first 20 m abgreund. The point
sources such as industries, power plants, volcaetes are treated individually in FARM, considegritme plume rise effect.

Model evaluation with surface measurements

In this study, the ozone concentrations simulatethk MINNI atmospheric modelling system were corepato data from
BRACE, a national database including information fitbieymain monitoring networks distributed over tbermtry.

Here are presented the results for a selectioraokdround stations, located in rural, urban andigadn zones. Table 1
shows the names and geographical coordinates statiens, while their location on the maps is shawFigure 3.
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Figure 1. Hourly ozone concentrations measured)dotd simulated (lines) for July 1999 at monitgritations.

Figures 1 and 2 show the simulated and measuretlytarone concentrations as a function of timetfew months: July and
February, respectively. The modelling system repced the maximum hourly ozone concentrations aadd#ily ozone
cycle relatively well for both months, particulady rural stations. The difference in the modefqrenances at rural stations
with respect to urban stations is explained bylthve spatial resolution used in the simulation, whartificially creates a
dilution of the ozone precursors NOx and VOC in ghie cell determining, thus, low ozone productiates. On the other
hand, the measurements made at urban stationstsgbwariability indicating that they are stronghfluenced by traffic
emissions, which can not be adequately describaiiadlp and temporally in the provincial emissiavéntory.
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Table 1. Geographical coordinates of the ozone toong stations.

Station hame Station type lon lat
1 Gambara rural 10°17" 4914°
2 Gherardi rural 11°57" 4450
3 Pieve di Teco rural 7054 442
4 Quarto urban 8959 4423
5 Cortonese urban 12021 436'
6 Bocca di Falco suburban 118" 3812"

In July (Figure 1), the simulated concentratiorss lakver than the observed ones during the day adchagher during the
night. The overestimation of observed ozone comagahs at night-time is a known problem of air lifyamodels, and
several factors such as boundary layer height.trdgemistry of ozone and NOx (NO titration, in jpautar) and emission
inventory can be responsible for this model behaviMoreover the simple station classification @ always coherent with
their actual exposure to local and regional soyregs Quarto and Bocca di Falco, that are classdg&urban and suburban
respectively, show a behaviour expectable for ruratkground stations, with limited day/night veadat of ozone
measurements and nightly values well above zerdevitieve di Teco, classified as rural shows veny hightly values
during both summer and winter, as expectable friatios directly expose to NOx emissions and affédi titration.

In February, the model reproduces the measurerae@ambara, Gherardi and Bocca di Falco statiarig feell and it highly
underestimates the ozone at Quarto station. Tgreddncentrations of ozone observed at Quartmstdiiring the winter and
summer suggest that this location is highly infeghby local emissions, which are not includedh@dmission inventor
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Figure 2. Hourly ozone concentrations measureds)dotd simulated (lines) for February 1999 at nooimy stations.
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Table 2 shows two statistical measures: MNBE (Meannidlised Bias Error) and MANGE (Mean Absolute Nolissal
Gross Error), which are usually used to assesguaility model performances, computed for July aabrEary at all stations
described in Table 1. These statistics confirm thatmodelling system behaves better at ruralostatihan at urban ones for
20kmx20km model resolution, and it behaves betteind summer than winter. At rural stations, thedeldulfils the US-
EPA (US-EPA, 2005) criteria: MNBE is lower than 1%%d MANGE is lower than 30-35%.

Table 2. Quantitative model performance statigochourly surface ozone at all stations, for Jamg February, 1999, respectively.

Station name Station type July February
MNBE MANGE MNBE MANGE

1 Gambara rural -6.99 18.01 -1.92 5.18

2 Gherardi rural 10.41 13.88 -22.96 23.06
3 Pieve di Teco rural 7.66 14.02 1.57 1.57
4 Quarto urban -25.18 28.93 -50.81 50.85
5 Cortonese urban -19.96 22.45 -53.13 53.13
6 Bocca di Falco suburban -18.05 21.81 -17.42 17.99
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For 1-4 July 1999, a clear sky period, both thestim
series of ozone concentrations (Figures 1 and &) an
the statistical scores (not shown) are similathtuse
shown by Mirceat al. (2008).

Figure 3 shows the observed and simulated monthly
w0 mean  surface maximum  8h-average 3 O

concentrations for February and July, 1999. In

February, the best agreement between model
80 simulation and measurements is obtained at Bocca di
Falco and Gambara. At Quarto, the simulated
concentration is lower than the measured one of 20
pg/m*® and, for the remaining stations, ozone
concentrations are overestimated byugnr.
40

For July, model and measurements are in agreement

at Bocca di Falco, Gambara and Quarto, and for the
0 other stations, the differences between model and

measurements are higher tharu2ont.

This confirms the tendency of the modelling system
to generally overestimate the maximum ozone
concentration.

CONCLUSIONS
The results of this study show that the modelling
system is able to simulate the daily ozone cyck® an
s  the maximum hourly ozone concentrations.
w0 The statistical indicators show that AMS performs
generally well, simulating the ozone concentration
40 petter during summer than winter, and at rural
0 stations rather than at urban ones.
w0  The monthly mean surface maximum 8h-average O
concentrations are also reproduced by the modelling
80 system: the differences between observed and
simulated monthly mean surface maximum 8h
e average @ concentrations for both February and
July are ca. 2Qig/n.

40

Figure3. The observed and simulated monthly megacimaximum 8h average; €oncentrations for February (upper graph) and July
(lower graph), 1999.
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