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Abstract: Preliminary results of an annul simulation of thie quality in a region of Northern lItaly is presed. The simulation was
performed using a modelling system based on a moéoggical model, an interface code and a transgloermistry model. Comparisons with
measured data are presented and discussed.
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INTRODUCTION

Comparing air quality model simulations with obsgions over a full or several full years, is a vehallenging task in
predicting the atmospheric pollution. Concerning ldtng range air quality models, Johnsoml. (2006), using a photochemical
trajectory model simulated the chemical evolutiéraio masses during late July and August 2003, reogbevhich included a
widespread and prolonged photochemical pollutioisogfe. Observations were quantitatively verified b¥-year long
simulations over the whole period using a regiama@mistry-transport model and the EMEP emissioeritary by Vautarabt
al. (2006). Modelling systems including emission preegssor, meteorological model, dispersion and @ammodels have
been developed (see for instance Sekldl, 2006, Sokhet al, 2007) and tested. Furthermore, different largdesair quality
modeling systems are in operations nowadays.

In this work, a chemical transport modelling systsnused for simulating airborne dispersion andntbal reaction on a
regional scale domain (250X250 Rnin the North-West of Italy, where the main urbiadustrial areas are located in the Po
Valley surrounded by very compldgrrain.Indeed the Po river valley is very industrialiseu! dneavily populated and it is
characterised by strong urban, industrial andi¢rafmissions; moreover, the presence of the Alpsnofives rise to weak
circulation and stagnant conditions. The model ltism is 5 km and the emissions are derived fraffer@nt regional and
national inventories for the year 2005. The siniitats performed using the RAMS meteorological mddedrder to provide
meteorological input to the Eulerian chemical tpgoms model CAMx. The project aims at analysing timeuation lasting one
year and it is focused on the comparison with nrealsdata. In particular, the influence of the medtgical parameters (wind
and dispersion coefficients) and that of the emissis investigated.

THE MODELLING SYSTEM

The proposed modeling system includes the metegicalb model (RAMS, Pielkest al, 1992), an emission processor,
(Balanzinoet al.2007 a,b) and the photochemical model (CAMx, Enyi2005).

RAMS resolves the full set of the primitive dynaraguations. The governing equations are the threeemtum equations, the
pressure equation, the continuity equation, thesta@ conservation equation and the potential teatyre equation. It solves
these equations using a two time step procedurecle small time step is utilized to stably insggrthe high-speed sound
waves, while the most part of the computationscarded out over a larger time step. In this studg,model has been used in
its non-hydrostatic version and the Coriolis forgas considered. RAMS includes a parameterizatioth@fsub-grid scale
turbulence, which entails an horizontal deformatisheme and the Mellor and Yamada 2.5 turbulerasu@ (Mellor and
Yamada, 1982) in the vertical direction, while tbeal deformational scheme is used for horizontaing. The topography is
introduced using a terrain-following vertical comates. As lateral boundary conditions, the Klempg &ilhelmson (1978)
conditions, are activated. About the radiation peters the options for evaluating short-wave radigtansfer and long-wave
radiation are set to Chen and Cotton (1983) parimation. This scheme does account for condefisadte atmosphere, but
not whether it is cloud water, rain or ice. The\axtive parameterization is used to vertically seiiute heat and moisture in a
grid column when the model generates a region wiSisluper-adiabatic or convectively unstable andme horizontal grid
resolution is too coarse for the model to devetppivn convective circulation. Surface layer antigrameterization are used.
We have selected the higher moisture complexitglJavhich activates the bulk micro-physics paramiedé&on, which includes
cloud water, rain, pristine ice, snow, aggregaiespel, and hail, or certain subsets of theses paiameterization includes the
precipitation process. The model is driven by medrbke nudging technique using the ECMWF (Europ@antre for Medium
Range Weather Forecasts) analysis as initial anddzory conditions, with 0%space resolution and 6 hours time resolution.
Emission input data are prepared starting fronedfit inventories: within the Italian borders, tNEMAR regional emission
inventories of Piemonte and Lombardia, the Itabificial inventory for European areas and for thwetipn of Mediterranean
Sea emission data have been derived by the EMERtony that provides an emission assessment ovep&based on cells of
50X50 knt. Inside each inventory, emission data are subefivily activity and organized using the SNAP (Sebkct
Nomenclature for Sources of Air Pollution) clagsfion scheme, which is, in our case, composedbBydiferent sectors. The
emission processing system was designed by oup d&alanzinoet al 2007a and b) to produce emission fields accortting
the model needs: we have developed an emissioegswt based on emission data collected from ffezadit inventories. As
the data provided by emission inventories are taisigi for air quality modeling purposes (Seinfel®88), the emission
processor performs spatial disaggregation (allogate territorial unit information onto grid céllgshe temporal modulation
(calculating hourly emissions from the annual eioigs the hydrocarbon speciation (converting thialt@olatile organic
compounds emission in species-group required byntiwel) and the particulate speciation (perfornahgmical speciation and
dimensional splitting of the total PM mass accaydim the model outline). Space and time disaggi@yalf the inventory data
were made on activity basis according to themaita CORINE Land Cover and high resolution veatéorimation on studied
areas) and typical modulation profiles (monthlyilydand hourly).
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The processor performs first the spatial splittirsing a “surrogate (or proxy) variables” approdghch emission activity is
allocated according to one or more appropriate ypneariables: cultivated areas, industrial areapamrareas, highways,
railways, roads, rivers, lakes, sea, forests (sidetl in three different mixed proxy on the badighe kind of tree) and two
mixed river-lake variables. Secondly the processakes the temporal modulation, using three moduldeactors (monthly,
daily and hourly). The hydrocarbon speciation Entlcarried out starting from the total volatile amg compounds emissions
and defining a speciation profile. According to 8peciation profile (Passant, 2002), total VOC siiss of a specific source
are split into single organic species and then kdrnipto the aggregated classes handled by the niéidelly the particulate
speciation (CARB, 2000) is performed according te #erosol mechanism options chosen for treatingatvesol size
distribution. The scheme actually implemented disithe size distribution into two bins (coarse famg).

CAMXx (Environ, 2005) is a Eulerian photochemicalpdision model that simulates the emission, dispershemical reaction
and removal of pollutants in the troposphere byisglthe pollutant continuity equation for each rtigal species on a system
of nested three-dimensional grids. CAMx requiresufapto describe photochemical conditions, surfabaracteristics,
initial/boundary conditions, emission rates, ang iteteorological fields over the entire modelingndm. The grid projection
may be selected as Cartesian (fixed physical distaoordinates on a flat plane) or curvi-linear geiod(following the curved
surface of the Earth). The Cartesian options incldifferent projections. The geodetic option perferthe simulation on a
latitude/longitude grid. All the input files arefaled on the grid projection specified for the CAMinulation. For gas phase
chemistry the following chemistry solvers are afalie: CMC (Chemical Mechanism Compiler), IEH (InsiHEXplicit Hybrid),

or LSODE (Livermore Solver for Ordinary Differertiquations). The nested grids are specified im$esf the range of master
grid cells that each nested grid spans. The doofaisen for the dispersion simulation extends o\28GX250 ki area. Two
nested grid were used for the meteorological sitimrathe larger one covered a 540x548kimmain and the inner grid, having
a resolution of 5 km, coincided with that of thepdirsion and chemical model.
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Figure 7. Six months daily mean B€oncentrations at the urban station

SIMULATION RESULTS

The first parameter we account for is the statiengironment. To this aim we compare the resultsiobtl for two
measurement locations, the first one refers tonudaavironment (station 1), while the second oneutal environment
(station 2). Figure 1 shows the comparison betweeasured and simulated daily mean,NOncentrations at station 1 for
the period from ¥ April to 30" September. It appears that the measured condentraire underestimated by the model, but
the seasonal trend seems to be captured, the aversg decreases in the middle of the summer rer@ases going towards
the autumn. This behaviour may be due, in the gptimthe effect of the residential heating thatas active during the hot
season and to the higher solar radiation in tleedpting and summer. However the N@duction is limited due to the urban
traffic. The model seems to be able reproduce thiglulation. The underestimation thus seems to ieedi to the
meteorology, as for example to an overestimatioaithier vertical dispersion or wind velocity, besauhe model does not
properly account for the urban effect.
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Figure 2. Six months daily maximum 8-h average@nhcentrations at the urban station
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In figure 2 the comparison between simulated andsmed daily maximum 8-h average @ncentrations at the same urban
station 2 can be observed. In this case the melaes/aeem to be better predicted than the trenmgltine period, as a
matter of fact the ozone concentration does novsliy seasonal variation, while the measuremeritibigxargest values in
the hottest months. Overestimation taking placepiring and fall is related to the excess of dilutadready highlighted for
NO2, limiting the effect of NOX titration. Summenderestimation is probably related to dispersian todeed, an excess of
dilution can give rise to an underestimation ofcprgors concentration, reducing photochemistryaamhe production.
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Figure 3. Six months daily mean B€oncentrations at the rural station

Figure 3 refers to the rural station and showsctiraparison of the daily mean N©@oncentrations. In this case the effect of
the traffic is less evident in the data, whichenfd decreasing in April (after the end of thedestial heating) remains
almost constant during the summer. The model ustierates measurements exhibiting an almost constamd except for
an increasing of the simulated values in the maitBeptember. Also in this case, N@nderestimation is probably related
to an overestimation of emission dilution.
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Figure 4. Six months daily maximum 8-h average&@ncentrations at the rural station

The daily maximum 8-h average; ©@oncentrations at the rural station, depicteddaré 4, shows a rather good agreement
between measurements and simulation. However tldeinsgems to be not able to follow the extremeatians (maxima
and minima) of the data gathered at station.

The statistical analysis is presented in Table heres mean value, Normalised Mean Square Error (NM8&relation
coefficient (R) and Fractional Bias (FB) are copsidl. For N@daily mean values are considered, while the dadyximum 8-

h average concentrations is accounted for con@e@inlt is possible to observe that measured, H@es not show differences
in the mean values of the rural and urban statieathermore, the predictions fog @gree quite well with measurements both
at urban and rural station. On the contrary,N@lues are underestimated, particularly at thalrstation. In particular the
reduction of the N@concentrations moving from urban to rural envirentwhich in the measured data is less than arfact
two, in the model predictions is found more thdactor three. Considering that the performancéefrhodel is satisfactory for
O, the unsatisfactory results for N€eem to be related to local effects such as thegraission accuracy.

Table 1. NQ and Q statistical analysis

Pollutant | Model mean j§g/n?) Measur.meanug/nt) | NMSE R FB
URBAN STATION NGO, 21.0 36.9 0.55 0.5 0.14
O3 119.5 108.6 0.08 0.7 -0.02
RURAL STATION NGO, 6.2 20.6 2.14 0.4 0.27
O3 125.8 112.5 0.04 0.7 -0.03]
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Concerning the winter semester (dived into two tstess) we consider the comparison of the simuldtty mean PM
concentration with the measurements. In Figuredb@athe results at the Station 3 (urban environjranet presented for the
month of January, February, March and October, Kingx, December, respectively.
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Figure 5. Three months (JFM) daily mean PM conegiatns at the urban station

It can be observed that the model always largetietpredicts the measured concentrations. As a nudtfact, these last are
higher than the level of 50g/n® during almost all the periods considered, whike niodel predictions are below this value,
except for some episodes in October and November.
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Figure 6. Three months (OND) daily mean PM conediuins at the urban station

The statistical analysis for PM daily mean concaiuns is presented in Table 2. The underestimasidndicated by the
positive value of the FB, as far as the large eappearing by the comparison of the mean valuesrirmed by the value
of NMSE. Also the temporal variation is not captiits/ the model which shows a low value for the elation coefficient.
Taking into account that the Station is located@inurban environment, where the effect of the e@missmay be stronger
than that of the transport and diffusion or thokeh@mical transformation, the model underestinmatieems to be due to the

emission inventory.

Table 2. PM statistical analysis

Model mean Measur.mear NMSE R FB
FIRST TRIMES. 22 (ug/nm) 74 (ug/nv) 2.2 04 | 03
SECOND TRIMES. | 30 (ug/n) 62 (ug/nT) 1.0 02 | 0.2

CONCLUSIONS
A chemical pollution model system has been appitedimulate airborne dispersion and chemical reastion a regional

scale domain (250x250 Krwith a grid resolution of 5 km, placed in the MeWest of Italy. Simulation results over the six
summer months have been compared with air quaditg.dThe comparison between computed and measuamt: @and
nitrogen dioxide concentrations has highlighted satiscrepancies. The simulation has also put idezMe some relevant
nitrogen dioxide underestimations, mainly in theaharea, but the seasonal trend seems to be edpflinis result could be
linked to the meteorology (overestimation of thedvivelocity and vertical dispersion). As a mattefast, the model does
not correctly reproduce the urban effect. Regardhmey ozone, the mean values seem to be better g@ddthan the
seasonal variability. In general, the analysis tafistical indices demonstrates that the perforraanaf the model are
satisfactory for @ and that unsatisfactory results for N€eem to be related to local scale processes gsotfreemission

Session 5 — Meso-scale meteorology and air quality modelling 593



HARMO13 - 1-4 June 2010, Paris, France - 13th Conference on Harmonisation within Atmospheric Dispersion Modelling for Regulatory Purposes

accuracy or vertical dispersion reconstruction. fAs as the PM mean daily concentration is consitiefer the winter
semester, the model results show a large undeagimof the measured data at the urban station.
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