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SUImmary

Different integrated modelling systems have been designed and gplied to Lombardia region, a
densdy inhabited and industridised ares, located in the Po Valey (Northern Italy), where frequent
0zone episodes occur mainly during summer months. The systems are devoted to support air quality
plans and management. Mainly two classes of models were taken into account.

The first one integrates 3D eulerian photochemica smulaion modds (STEM-FCM, CALGRID-
FCM or UAM-V), meteorologica (CALMET, RAMS) and emisson pre-processors (POEM,
POEM-PM, TESEA). The systems have been gpplied over Lombardia region domain to Smulate
two ozone episodes (5-7 June 1996 and 1-5 June 1998) and a seasona period (May- September
1996). The modd POEM-PM has been designed to provide particulate matter emission fidds; it
estimates the chemica @mpostion and the sze didribution of primary particles. The modd dso
dlows the VOC splitting and lumping in SAPRC90, SAPRC97 and CB-1V classes.

The second dlass integrates stochastic models and soft computing techniques to set up red time
predictors. The darm system has been tested for the metropolitan areas of Bresciaand Milan.

Two experimental campaign, especialy devoted to particulate matter andyss, were performed in
Milan urban area (Piazza Carbonari) during winter and summer 2001.

Aim of the research
Final goals of the project are:

= {0 set up a decision support system alowing the urban and regiona environmental managers to
examine dternative emisson scenarios, in order to ddineate proper photochemica pollutant
abatement drategies,

= to perform experimenta activity focused on investigation about urban gas and aerosol chemica
composition and related aerodynamic distribution;

= to sat up urban pollutants forecast and alarm systems,

Sating from the implementation and vaidaion on Milan and Brescia metropolitan areas, the main
objective of the research isto assign the generd methodological and input/output requirements of the
system, in view of its possible gpplication to other urban areas in collaboration with loca and nationa
environmenta agencies.



Activitiesduring the year
The activities performed by the research operationa units are the following:

M esoscal e photochemical modelling

STEM-FCM moddling system has been gpplied over Lombardia region domain (episode from
5 to 7 June 1996) in order to evduate the influence of different meteorologicd drivers on
concentrations. More precisely the sensitivity anadysis has been carried out comparing CALMET
diagnostic modd with RAMS prognostic mode!.

CALGRID modd has been modified to dlow the user for changesin chemicd schemes; thisgod

has been obtaned implementing FHexible Chemica Mechanisn (FCM) inteface. So the

implemented chemica mechanisms are:

- SAPRC-90, including 54 chemical species with 129 reactions and the QSSA solver for the
integration of kinetic equations.

- SAPRC-97 considering 82 chemical species and 184 reactions.

- COCOH-97 dmilar to SAPRC-97, but consdering dso condensable organic compounds
yidds and 2 dummy species (NH; and HCI).

- Cabon Bond IV with 37 chemica species and 78 reactions.

Original CALGRID integration solver (QSSA) has been subgtituted by the IEH solver, as FCM
makes it possible to distinguish among fast and dow reecting species. The episode chosen to be
smulated as base-case for Lombardia is the intense |OP detected from 1 to 5 June 1998 during the
PIPAPO measurements campaign, performed dso in the frame of EUROTRAC-2 Project. During
the sdlected period, vaues exceeding the hedlth protection threshold have been recorded in many
dations of the regiond network.

Urban ar qudity impact smulaions have been peformed with the four chemica mechaniams
implemented for the base case meteorologica and emisson fieldsin order to point out the differences
between the schemes themsalves. All mechanisms give good agreement between the ozone smulated
concentrations and the experimental data, both in urban and rurd stes (see two examples in Figure
1).
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Figure 1. O; concentration for Milano (urban site) and Erba (rural site).



POEM, a modd for the evauation of gas phase emissons in the Lombardia region (Northern

Italy), has been integrated with a module to provide particulate matter emission fields from road

traffic. The new model, POEM-PM, edimates the particulate emisson fidds by means of a

bottom-up gpproach following this procedure:

I. the vehicle fleet (number of vehicle and age didtribution) is split in the CORINAIR road traffic
categories,

ii. the yearly nationd emissons are computed br the estimated vehicle fleet by means of the
COPERT III;

lii. emisson factors, in terms of Sze resolved and chemicdly speciated particulate matter, are
estimated (per vehicle class, per production year, per road class and per fud type) on the
basis of experimenta data provided by EURON-AQIip Petroli research laboratory;

iv. the emisson scenarios, spatidly and temporally resolved, are provided by the emission model
POEM-PM;

v. POEM-PM edimates the chemica composition and the size didtribution of primary particles.
The modd, implementing the FCM module, can adternatively provide the VOC splitting and
lumping in SAPRC90, SAPRC97 and CB-1V classes.

Present and dternative emission fields for particulate matter have been estimated and designed for
the Lombardia region by means of this integrated modd.

A proposal of ar qudity dam syslem has been desgned by means of different forecast
moddling methodologies fon-stationary/non-linear grey box, neural network and neuro-
fuzzy predictors). The metropolitan areas of Brescia and Milan have been considered as case
dudy. The cities are characterised both by high industrid, urban and traffic emissons and
continent climate. The examined data records consst of O3, CO, NO and NO, hourly
concentrations measured by the urban ar qudity monitoring dations. Locad monitored
temperature and forecast data are available from the Meteorological Office. The modds were
identified on 1994-1999 summer season data (from May to September) and validated on the
same season of 2000. The performance of different predictors to foresee if the O3 concentration
will overcome an assigned threshold has been evauated in terms of skill parameters, defined by
the European Environment Agency.

Experimental campaigns

Two experimentd campagns (winter and summer 2001) were performed a Milan — Plazza
Carbonari especidly devoted to particulate matter analyss (PM10, PM2.5, HNOs;, HNO,,
particulate nitrate and sulphate).

Principal results

UAM-V sengtivity andyss was performed on the Milan case (2-5- June 1998). Transport from
boundaries was changed setting up new boundary conditions for UAM-V smulation on Milan aregq,
extracting pollutants flux from the CALGRID regiond smulation (nested procedure); findly results
were compared. Boundary conditions for UAM-V smulaion, in the inner domain, have been firgly
st to congtant values, both in time and space, for dmost al compounds. Only ozone concentrations
have been assumed to increase from 30 to 40 ppb in the last two days of the smulated period. A
second UAM-V run has been performed usng CALGRID regiona smulation results, providing
tempordly and spatialy variable boundary conditions for the smdler domain, enclosed in the regiond
one and centred on the city of Milan. As for organic compounds, they were lumped according to



SAPRC scheme (in fact, no univoca correspondence to CB-1V is commonly established); therefore
assumptions where made on VOC compodtion in order to assgn their repective attribution to
amilar species in the two schemes. UAM-V smulation with nested boundary conditions, rather than
with congant trangport, show ozone levels closer to measured data, confirming that variable
boundary conditions are required to properly smulate ozone episodes. In generd UAM-V resuts
have been affected by an incorrect parameterisation of vertic diffusion (K,) which has not been
derived by a dedicated meteo pre-processor module. This is particularly true a night time when K,
vaues have a stronger effect on ozone predictions.
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Figure2. Simulation domains

Main conclusions

Starting from the high interest related to Northern Italy photochemica pollution, due to geographicd,
meteorological and emisson complexity of the area, a strong need for co-ordination among the
research and loca agencies teams was once more evidenced. A cross comparison and validation of
al the sudies performed on Lombardia region in the frame of EUROTRAC-2 could effectively
properly findisethe find report of the project.

Aimsfor the coming year

Processing of future sustainable emission abatement scenarios.

Comparing the different chemical mechanisms to test sengtivity to the emisson fidds, evauaing
chemica indicators and performing a photochemica analysis of the domain.

Implementing the aerosol processor MAPS in the photochemical modd to evauate the aerosol
role in ozone photochemigtry.

Performing long term smulation of photochemica pollution over Lombardia region, with the
following particular ams

- evauation of long term exposure indexes and comparison with observations,

- CALGRID, STEM Il models inter-comparison;

- sengtivity andyss
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