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Abstract: Since 2003 people living in the metropolitan aoéd urin have been easily able to inquire aboutpailution through the Air
Quality Index (AQI), a number depending on the @rations of the three most relevant pollutantd f°NO,, O;) measured by some
monitoring stations located inside the metropol&aea. The Air Quality Index however may be affddtg local effects and it is computed
using data measured one day before.

Since July 2006 ARPA Piemonte has operationallyl use air quality forecasting system (AQF). The éasting system, with a series of
detailed input datasets (emission inventories, IR&APiemonte region, geographic and physiograghie, large scale air quality from the
continental transport model Chimere and meteorobddbrecasts from the limited area model COSMQ- pble to simulate air pollutant
emission, transport, diffusion and chemical tramsfttion to provide concentration fields of the maimospheric pollutants (CO, NO
SO, PMig, PMy 5, 05, and benzene) over the metropolitan area of Twitim 1 km horizontal resolution, up to 72 hoursdvance.

In order to offer a more complete and useful infation, Arpa Piemonte, Arianet Srl and the Proviot&urin have been running an Air
Quality Forecast Index using the AQF concentrafields. The AQFI, in analogy with the AQI, is conipd as the mean of the indexes
calculated for each grid point weighted on its lasd type.

The analysis of AQFI values during critical air lptibn episodes shows a good capability to simufsak pollution episodes, even if
weather forecast errors may cause the occurrenmeeoéstimation and underestimation conditions.

Long-term comparison with the traditional AQI shotlat the AQI forecast provides a good indicatothef present and future air quality,
thus fulfilling all the requirements of the new 8008/EC Directive on Air Quality for what conceimsblic information.

Key words:Air Quality Index, Air Quality Forecast Index, ajuality forecast

INTRODUCTION

Communication about air quality has always encoedtesome difficulties mainly because there are mpolutants
monitored and for each of them a specific limitualis defined and because, in the same urban ¢pridferent
concentrations for the same pollutant may be rexgst depending on the siting of the monitoringiatat The Air Quality
Index (AQI) was first developed by EPA in 1976 imler to provide the local agencies with a standamhble to convey a
clear and consistent message about air quality.

In 2002 the Province of Turin introduced an AQIschibing the air quality of metropolitan area ofrifiu The index is
calculated taking into account the concentratiohthree main pollutants: P) NO,, O; and it is published every day,
considering the values measured in the previousimaglected monitoring sites, as a number varyiogn 1 to 7. The
highest values correspond to higher pollution Ievahd higher risks for population. Each value isoemted to a risk
evaluation and a cautionary message for the pdpnlat order to prevent health consequences in oasegh pollution
levels. The values 1, 2, 3 correspond to the aitityuclassesery good goodandmoderateand describe a situation with a
low risk for population health. The values 4 andosrespond to air quality classpsor andunhealthy for sensitive groups
characterized by pollutants concentrations slighiiyher than the limit threshold which may have sotonsequences on
sensitive groups of population. Finally the val6eand 7 are linked to the classasealthyandvery unhealthyharacterized
by very high pollutants concentrations which magea risk for health.

The simple algorithm for calculating the AQI ne¢hls computation of three sub-indexes related tartam pollutantsdyio,
Ino2 loz. For each pollutant a limit or a target value basn chosen to be compared with measurements: maiéy for
PMjyo (50 pg/m3), highest hourly mean for D@00 pug/m?), and maximum daily 8 hour mean for @20 ug/ms).

The AQI is then obtained through a single indgy,|defined as the average betwegmd and the larger sub-index between

Inoz and ba.

I +max(l yoz: ! 0s)
IAQI — _PM10 2 NO2' " 03 (1)

In the casepy1g is not available, the algorithm uses only the mmn sub-index betweeRd, and bs. If both o, and bs
are missing onlygsois taken into account. AQI is derived fropplusing Table 1.
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Table 1. AQI anday correspondence table.

| poi AIR QUALITY CLASSES

0-50 Very good

51-75 Good
76-100 Moderate
101-125 Poor

AQI
2
4
125-150 5 Unhealthy for sensitive groups
151-175 Unhealthy
>175 7 Very unhealthy
The directive 2008/50/CE enforces the need for cteat reliable information, since it requires thatual or predicted
exceedances of alert or information thresholds mmvided promptly to the public. A valid instrumetd fulfil this

requirement is an air quality forecasting systeapable of predicting pollutants concentrationshia following days on the
basis of estimated emissions and weather forecast.

When an air quality forecasting system is operatvérecast AQI can be readily calculated andpihygulation can thus be
warned in advance about the expected air pollu#enexample of such a system has been runninglfoost three years
over the Turin metropolitan area and its main fezgand results are described in this paper. 18,2@0fact, within the EU
funded project Fumapex, the Environmental Protacthgency of Piemonte Region (ARPA) has implementeth -
cooperation with ARIANET Consulting - an air qualiigrecasting (AQF) system over Piemonte region andnTcity
(Finardi et al, 2008). The following year ARPA, the Province ofrifuand ARIANET started a project to work out a
forecast AQI (AQFI) based on pollutants concentratistimated by the air quality forecasting system.

THE AIR QUALITY FORECASTING SYSTEM

The AQF modelling systems, built around the Eulerghemical transport model FARM (Gariazebal, 2007), needs a
series of detailed input datasets: emission invesgpgeographic and physiographic data (to desdopography, surface
land cover and urban details), large scale airityuahd meteorological forecasts. Some specific uhesl are needed to
process these data in order to produce emissiceteonological and boundary conditions necessaiymasg to the air quality
model.

Emission data coming from different resolution intaries available over the area (high resolutiagriamal inventories for
Piemonte, Lombardia and Valle d'Aosta regions,omati CORINAIR inventory for the remaining Italian regs and EMEP
for foreign countries) are processed to computeldgd emissions. This data processing involves spaxk time
disaggregation - according to cartographic thematiers and specific time modulation profiles (ygaweekly and daily) -
and non-methanic hydrocarbon speciation, to prodyridded hourly emission rates for the all the cloamspecies
considered by the air quality model over all comational domains.

Large scale Meteorological

Analysis/Forecast K logical
for analysis onl Geographic &
Physiographic Data
Large scale Air Quali — — Emission

Concentration Fields T
Emission

‘ Maps, statistics and indexes ‘

Figure 1. Air Quality Model forecasting system: geal system architecture (left) and domains (right)

The meteorological fields are provided by the nuoamweather forecast model COSMO-17, the Italiarsien of COSMO-
MODEL (Consortium for small Scale Modelling), rungiat ARPA Emilia-Romagna Meteorological Service andilable
at ARPA Piemonte as member of COSMO. COSMO-17 providesdaily forecasts (12 and 00 UTC) lasting 72 lspwith
three hours time frequency, over a geographic éoatels grid covering the whole Italian territorythviabout 7 km
horizontal resolution. The meteorological fields amdel levels produced by the 12 UTC run are adaptedll
computational domains through the interface modBBP/TINT (Finardi et al, 2005), carrying out space and time
interpolation. Eddy diffusivities and depositionlagties are evaluated using parameterisationschasethe surface energy
balance and similarity theory, by the interface medSurfPRO (Figure 1). Air quality boundary valuee defined from
continental runs of the chemical transport model\@HRE, from the INERIS Prev’Air service (http://wwweprair.org).

The AQF modelling system performs simulations oreg¢hnested domains (Figure 2): a background doncawvering Po
valley basin and the Alps, with a horizontal resiolu of 8 km, a regional domain, covering the whBiemonte and Valle
d'Aosta Regions, part of Liguria, the eastern pastbardia (including Milan urban area) and portimisFrance and
Switzerland, with a horizontal resolution of 4 kmdaan inner domain, with 1 km horizontal resolutioantred over Turin
metropolitan area.
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The forecasting system runs on a daily basis ierotl produce air quality forecasts for current dag the two days after.
At the end of each system runs, post-processiniy wampute and provide to the Regional authoritieshe indicators
required by EU air quality legislation.

THE AIR QUALITY FORECASTING INDEX

Availability of AQF simulations makes it possible talculate an Air Quality Forecasting Index (AQR®r Turin
metropolitan area and to increase its spatial sgmtativeness. The forecasted AQI is calculatesugiidded concentrations
produced by the forecasting system over the Twaiget domain and high-resolution land use dataptadpthe original
algorithm developed for observed concentratiomaaititoring station.

The new algorithm works in three different stepsthe first step the grid points inside the defimeban area are classified
according to the corresponding land use class (€igu

- Agricultural and natural areas

I:] Other

. Industrial units

- Residential units

- Transport units and water bhodies
D Infrastructures

- Service industry

Figure 2. The land use classification of Turin roptlitan area.

Afterwards a specific weight is assigned to eadd goint according to the relative classificationdaeach grid point
concentration is normalised with the correspongtiafjutant limit value. In the second step a subeiébr each pollutant is
calculated as weighed average of grid point comagahs:

z PVino
— i=1n
| = =—x100 )

z plvref

i=Ln

where | is the generic sub-indextipe weight assigned to tH&grid point according to its land useyy the indicator of the
pollutant concentration at th8 grid point (daily mean for P, daily maximum for N@ daily maximum of 8 hours mean
for Oy), Vyer the reference value for the pollutant (50 [fgfar PMyo, 200 pgri? for NO, and 120 pg for Oy). lagr is
calculated as the average between the PMb-index and the higher between Nidd Q sub-indexes (see equation 1) and
finally AQFI value is derived using Table 1.

AIR QUALITY FORECASTING INDEX PERFORMANCES

The annual comparison of the AQFI and AQI enabtesde the distinctive features of the two index &QI gives

information about air quality using some measurdnséations (including hot spot stations) sitedhie Turin metropolitan
area, while the AQFI is an index representativehef simulation domain including Turin metropolitarea. Local peak
values, typical of the hot spot monitoring statiomsert therefore more influence on AQI than on AQF

Considering AQI and AQFI frequency distribution diags and related contingency table (Figure 3pi'ssible to see that
AQFI tends to fill first and second classes moantAQI and the higher classes are underestimate®d#: this behaviour
is due to difficulties in correctly reproducing peRM,, concentrations.

Predicted

cl c2 ¢c3 ¢4 c5 o c7

Observed

Figure 3. Observed (black) and predicted (red) A@tithe second day of simulation, from +24 to }#8quency distribution for the year
2009 (left) and contingency table for the same.year
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The main request for AQFI therefore to provide an information representatiair quality over the metropolitan area ¢
to help the public to easily understand air padintforecast; so AQFI should describe pollutant eot@tions with the
correct time correlation.

For a bettr insight on AQFI, the time series of predictedl avbserved daily concentrations have been analystd
particular attention to air pollution episodes etaerised by relevant time variation of measuredceatrations. For th
AQF system a concentratictime series has been built selecting for eacly @i quality forecast the second day of
simulation (from +24 to +48).

Figure 4 and 5 compare model results for two memigostations sited inside Turin metropolitan arBaring a wintel
episode Figure 4, on top) an urban background station le@s lthosen to check if high I, and PN,q concentrations were
accurately simulated. During the summer criticalpaillution episode (Figure 5, on top) a -urban station has been cho:
to verify if high ozone concentrations were detected. In both wanter summer episodes the AQFI (Figure 4 and Figu
below) should give information consistent with alyeel concentration:

During the winter episode, AQFI (Figure 4, belowdmputed using P;o and NQ subindexes, describes accurately
time modulation of daily average concentrationse Time variation of observed concentrations is esgfig well describec
for PMyg.
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Figure 4 Predicted (red line) and observed (black line};o and NQ (on top) daily concentrations in two urban statiovssde Turin
metropolitan area and AQFI classes fror™ November to 1% November (below
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Figure 5Predicted (red line) and observed (black linej;o and Q (on top) daily concentrations in twwban stations inside Tur
metropolitan area and AQFI classes fror™ July to 1¢' July (below).
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During the summer episode AQFI (Figure 5, belowmputed using PM and Q sub-indexes, seems to be forced more by
low PM;q concentrations than by high ozone concentrationit) index values less than moderate: AQFI domain i
characterized by a high number of urban grid poimte/hich there are summer low o0zone concentratiangway index
values give a good time modulation.

CONCLUSIONS

In this paper we have described an example of AQHl operational for almost three years. Both laagd short term
comparison with the traditional AQI shows that &@FI provides a good indicator of the present artdre air quality, even
if weather forecast errors may cause the occurrehoeerestimation and underestimation conditions.

Being based on modelled fields and depending on medypoints values, the AQFI is more represengatif/the air quality

in the whole metropolitan area than the originall Apr the same reason, though, the AQFI is lessisee to local effects

which may affect the values measured in a monifosite. As a consequence, the AQFI rarely takesegab or 7,

corresponding to thenhealthyand very unhealthydefinition for the air quality status. This suggeshe need for an
improvement in the AQFI definition, aiming at repog the worst conditions occurring in the wholearUnder the current
EU legislation on air quality, in fact, the presenaf a single exceedance of air quality standarsufficient to require

additional measures (air quality plans) for redg@missions and obtaining cleaner air.

A permanent activity of updating, improvement aratrhonization of emission inventories is also a Kkagtor for the
reliability of this informative tool.

The analysis of AQFI values during critical air lptibn episodes shows a good capability to simujagek pollution
episodes. This feature, coupled with the directoésts message, makes the AQFI a useful tool $tatdishing an effective
communication to the public on air quality.

The Province of Turin will soon start to employ tA®FI instead of the older AQI. This service wikk taunched in June
2010 with a dedicated web page. The same foredldieansent to newspapers and to the network abibde message street
signs already present in town for traffic purpoisesrder to reach a wider audience.
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