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Abstract: The URBAN'Air System, developed by NUMTECH withet support of ADEME (Environment and Energy FreAdency), is
an operational modelling platform allowing to mamitind forecast air quality over urban areas. Baseithe modelling code ADMS-Urban
(McHughet al, 1997), it allows to map the pollution level (N@sHs, SQ,, Os, PMicand PM.s) at very high resolution (from the street
scale to the great urban areas).

As input, the system requires mainly meteorologitata, background pollution, and detailed emissioventory. Meteorological and
pollution input data can be either observed for‘thenitoring” or “scenario mode”, or modelled atdar scale (using regional model) for
the “forecasting mode”. This operational systeraisiched automatically every day, and performs hnéglolution maps of air quality index
from day-1 (past) until day+2. It allows also tafpem scenarios studies, on a long meteorologieaiod. This system already works in
several French cities (Strasbourg, Mulhouse, Ogiéatermont-Ferrand).

In this presentation, we will focus on the deplopief the system over Aix-en-Provence, Strasbomd) @lermont Ferrand. The system
takes into account traffic emissions (with tempgmatfiles), residential emissions, industrial s@s;cdocal airport, and biogenic emissions.
The dispersion code was tested and the results a@ehgo measurements (passive devices and autostations) performed by French
AASQA (Agreed Association for Air Quality Monitorg). The validation of the model includes both congmms with long term
measurements (yearly average concentrations) amdiytdata. The system works on its “forecasting efaaver Strasbourg and Mulhouse,
and is still under testing for Aix-en-Provence. Higlities of the model to forecast every day, ypaoncentrations for the next 48 hours are
verified. Coupled with regional platforms such d®EBS (MM5/CHIMERE) and PREV'AIR, the system allows reproduce with a good
agreement the concentrations close to the traffiayell as the urban background levels.
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INTRODUCTION

In most cities, air quality has strongly improvedothe past decades. The visible pollution has begduced from many
cities due to local, national and European initiegi Occasionally air quality represents a humahaanenvironmental threat
during industrial incidents or pollution episodpbd@tochemical episodes, traffic emissions). In nfaayopean cities air
quality is a concern. From several years ago, onissof air quality agencies have consisted of bathitoring in real-time
the majority of air pollutants that may impact hunreealth and environment, and forecasting air guahir quality

forecasts are realized both to inform people abwutir quality that will be expected in the neaysl and to take preventive
measures of reduction of pollutant emissions aasetiwith industries and road transport.

The URBAN’Air System (UAS), developed by NUMTECH withe support of ADEME (Environment and Energy Frenc
Agency), is an operational modelling platform aliogto monitor and forecast air quality over urkemeas. It combines
local data on traffic patterns, weather forecants mesoscale chemical forecasts. These data aretmphe ADMS-Urban
pollution dispersion modelling system, which allotesmap the pollution level (NQCeHg, SO, O3, PMigand PM ) at a
high degree of spatial resolution (from the stsmetle to the great urban areas). This system glngarks on several French
cities (Strasbourg, Mulhouse, Orléans, Clermontdretfy, and is currently being installed in otheiesitof the PACA region
(Armengauckt al, 2010).

The present document is related with the applinadiothe UAS for Aix-en-Provence, Clermont-Ferramd &trasbourg. We
focus on the following points:

= The deployment of the system for the diagnosticnesion and the forecast;

= The performances of the system in terms of groemetl concentration predictions and air quality e

focusing both on mean annual estimations and ditutisn of pollution peaks.

The paper is structured as follows. In section Beneral overview of the UAS will be given. Thetime 3 is about the
adjusting approaches realized for each applicatimha few results. The sections 4 and 5 conceuitsefer the diagnostic
mode and for the forecasting mode including mamsperformances of the system. Some conclusionpargpectives will
be given in section 6.

GENERAL OVERVIEW OF URBAN AIR

In this section, a brief review of the main funaiidities are presented. The application has beeela@ed to monitor and
forecast pollution levels and air quality index (AQrhe calculation of pollutant concentrationgp&rformed using ADMS-
Urban (Mc Hughet al, 1997; Carrutherst al, 2000). Every day, the system is launched aut@aiftj and performs high
resolution map of air quality index for day-1 (Pasttil day+2. In case of a scenario mode, theesysilso allows to realize
scenarios studies for a long meteorological period.

The simulation domain is often subdivided into eliént grids, which comprise regular and intelliggritlding. In case of
Clermont-Ferrand and Aix-en-Provence, domains caaigrids. Such a methodology allows to optimi|edomputation
time keeping a high resolution in the vicinity ofaim sources as roads. As input (Figure 1), theesystequires
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meteorological data, background concentrations @etdiled emission inventories. Emissions are ofigtracted from
inventories developed by French AASQA. Inventorieestly contain emission rates, temporal profilesl @ource
characteristics for different activities includipgint sources (industrial sites), lines (roadspaar(natural sources), volumes
(residential sources) and grids (more diffusiverses). Meteorological and pollution input data ¢senmeasured for the
scenario mode, or modelled using mesoscale modelthé forecasting mode. For Aix-en-Provence, nrelegical and
pollution data are derived from AIRES forecasts aamned at 3 km grid spacing over the Bouches-du-Rihégien for the
predictions at D to D+2, and surface station okst@was at D-1 provided by Meteo-France and the ARAGCA network.
Some specific meteorological data as the Monin @bukength, not directly available by mesoscale el®dvas considered
as input data for UAS. The Monin Obukhov length \easved from available meteorological output daftdiM5: sensible
heat flux, potential temperature and friction vépcBackground concentrations used for dispersionukation are
determinated by 2 methods: a combined method basedind components and pollution concentrationswalf as a
statistical method based on pollution concentratioAreliminary surveys have shown that inventooé#en tend to
underestimate measured RMoncentrations. This last method allows to perféd@MS-Urban simulations for PM, and is
especially used as an operational tool by AIRFOBEBdB&toret al, 2010).
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Figure 1. Overview of the functioning of the UAS

DEPLOYMENT AND ADJUSTING

The deployment of the UAS is usually driven asdat. Firstly, scenario studies are realized fooragl meteorological
period to determine the best configuration of thgtem. Doing this, adjusting methods are involvEijre 2), including
sensitivity tests and evaluations of the systentdayparison with continuous and occasional measurenfeom AASQA

networks. These surveys generally allow to adjusssion data, model parameters and calculatiorsg8econdly, for the
operational mode, adjusting is also conducted feteorological and pollution data produced by regigiatforms (AIRES,
PREV'AIR...).

In Figure 2, the step 1 consists in a first staiétvalidation using common statistical indicatosach as the bias, the root
mean squared error (RMSE) and the correlation cieffi. Statistical results constitute decision supfools to perform the
system or not (step 2). The step 3 concerns systedifications according to expertnesses. Repeatiagrtethod described
(step 1 to 3) for different configurations of thestem makes up sensitivity tests.
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Figure 2 Overview of the adjusting phase

Configurations of the system are compared usinguarstatistical methods, such as the comparisabtained normalized
indicators for a long period. Another method alldwdring to light the best predictions betweemsems, by comparison of
ground based measurements and UAS results hourdoy Fhis last method is driven as follows. Firstlye best prediction
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between configurations is saved hour by hour: #t prediction corresponds to the smallest absbiae Secondly, for all
the simulation period, the proportion of good petidin associated to each configuration is estimated

To illustrate it, results in Figure 3 show the bestdictions between different configurations. igufe 3a, results concern
the effect of meteorological scenarios on the tigtiin of NG, levels for 3 urban stations, for a period randign the £
January 2007 to 31December 2007. Results of the scenario 4 correspintite effect of preventing the atmosphere from
becoming very stable (related to the urban heaindsleffect), that give best predictions. The Fig8bke presents the
proportions of best prediction for NGorecasts (from D until D+2) for 4 urban statidmstween 6 configurations, which
combine meteorological and pollution data from oegl models. The configuratioss22andsc32give 25% of the time the
best results of Noforecasts. These configurations include mesogealation data established according to wind dimet.
These results show the difficulty to retain one figamation and a priori the interest to considesules from a set of
configurations.

a) Proportion of good prediction for NO2 smulations b) Proportion of good prediction for NO2 forecasts
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Figure 3. Comparisons of configurations. (a) Ferdiagnostic mode, proportions of best predidiietween meteorological scenarios
based on simulations for 3 urban stations fromithganuary 2007 to $1December 2007. (b) For the forecasting mode, ptigps of best
prediction between combined meteorological andutiolh scenarios based on forecasting simulatiolstatD+2 for 3 months of

simulations and for 4 urban stations.

USING URBAN AIR AS A DIAGNOSTIC TOOL
In this section, an air quality map and some qtetnte evaluation of the results for a diagnoste are presented.

The Figure 4 presents examples of air quality niapAix-en-Provence and Clermont-Ferrand. Such mafshigh resolution
allow to identify sensitive zones over a small oegiln Figures 4a and 4b, local zones are cleanbatcted near roads and cities.
More results of the Aix-en-Provence area are availat:http://www.atmopaca.org/html/aide descision_CPA.php
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Figure 4. Mean annual concentrations of,N@er Aix-en-Provence and its suburbs (CPA) as aglhe Clermont-Ferrand area
produced by UAS.

The Figure 5 gives an example of correlation arad Iior NQ over Aix-en-Provence and its suburbs in Octob&720’he
comparison of simulation results with measurembpgtpassive samplers is satisfying with a bias 028fig/nT and a good
correlation. This result shows the good capacitthefmodel to reproduce the spatial distributiopalfution levels.
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Figure 5. Example of correlation and bias forN®er Aix-en-Provence and its suburbs (CPA). Oat@0e7.

USING URBAN AIR AS A FORECASTING TOOL

This section presents air quality map and quaivéatvaluation of the results over Strasbourg (ASP@09) and Aix-en-
Provence (system still under development). The WAKh is currently operational over the Rhine areadpces daily air
quality maps of the air quality index as well ag thdexes of ozone, NCand PM, An example of air quality maps
produced by the platform is presented on Figui@ahly operational results are available at:
http://www.atmo-alsace.net/site/modelisation/urbariaitéx. php?ville=strasbourg
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Figure 6. Overview of the UAS deployed for theaSbourg area (source: ASPA)

The quantitative evaluation of the results concetaidy results for a period ranging from 2007 tdQ0ver Strasbourg
(ASPA, 2009). As the Aix-en-Provence platform i#l sinder development, any quantitative resultd wé shown for few
months. The Table 1 displays the average resuitsgaccount of all measurement surface statiohs.Tlable 1 presents the
proportion of good prediction of the air qualitydex and other pollutant indexes: the modelled intexqual to the
measured index or is really close (more or lessindex). For all systems, results are very satigfyfior AQI, O; and NQ
with more than 70% of good prediction (more or less index).

The Figure 7 presents a comparison between UASAHRES results for a few testing months for 4 urbtatisns. For all
simulation dates, results are more satisfying WitkS than mesoscale predictions, especially for, N@exes due to high
resolution near main emitters (roads). The proportf good prediction is always higher for UAS thfan AIRES. The
Figure 7b focuses on observed pollution peaks (reld), results for N@ and AQI are really satisfying with ADMS.
Actually, PMq results for both UAS and AIRES are less satisfyiPlyl,, exceedances are observed but not simulated by
UAS, which is clearly due to pollution data fromR&S.
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Table 1. Proportions of good prediction (%) for grear for Strasbourg (ASPA, 2009) and few montHa0ih0 for Aix-en-Provence, with
UAS

AQI O | NO; | PMy
Strasbourg 2009 calculated index = measured index 47 68 44 38
D calculated index + / - 1 to measured index 86 99 0 9 80
Aix-en Provence 201 calculated index = measured index 24 49 31 T
calculated index + / - 1 to measured index 67| 94 5 T 30
Strasbourg 2009 calculatgd index = measured indgx 50 63 39 33
D41 calculated mdt_ax +/-1to0 measu_red index 83 98 9 8 78
Aix-en Provence 201 calculated index = measured index 30 47 34 T
calculated index + / - 1 to measured index 72 94 T6 32
Strasbourg 2009 calculatgd index = measured indgx 48 63 38 38
D+2 calculated mdgx +/-1to0 measu.red index 85 97 9 8 80
Aix-en-Provence 2010 calculated index = measured index 24 51 33 T
calculated index + / - 1 to measured index 71 97 T6 32
a) Proportion of good prediction for indexes b) Proportion of good prediction for indexes
All smulation dates For pollution episodes (Observed index > 5)
100 60
o . —------—- mUAS SRS HUAS
ol N AIRES/PREVAR | SOF======== J———
70 0+ -——-—————— &8 -
3 i B BRI
30
10 - ke === b= = 0 . . .
0 03 NO2 PM AQI
NO2 PM AQI -10

Figure 7. Comparison between UAS and AIRES whigkgthe proportions of good prediction (%) to cehrce indexes at more or less 1.
(a) all simulation dates, about 3 months of simare, (b) during observed pollution episodes (iregemore than 5). No observed ozone
episode was observed.

CONCLUSIONS AND FUTURE WORK

In this paper, the operational modelling system UBiSsurvey and forecasting air quality at urbaalsavas presented, as
well as the deployment of the system over sevétiasc Coupled with regional platforms such as AIREBA5/CHIMERE)

or PREV'AIR, the system allows to reproduce withad agreement the concentrations close to theciraf$ well as the
urban background levels. UAS results are realligfy@g, and they show that UAS is able to perfdretter for monitoring
and forecasting pollution levels over urban aread #hen to complete regional air quality platforrs.this framework,
NUMTECH works in close cooperation with AASQA in erdo test and improve the UAS.
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