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

H13-9
OPERATIONAL PLATFORM FOR SURVEY AND FORECAST OF LOCAL AIR QUA LITY OF THE BERRE’S
AREA: METHODS, RESULTS AND PERSPECTIVES

Fabien Brochetoh Boualem Mesb&hMorgan Jacquindtand Emmanuel Buissbn

'NUMTECH, Aubiére, France
2AIRFOBEP, Martigues, France

Abstract: AIRFOBEP is the regional air quality agency irade of the survey of the air pollution over tharief de Berre region, which is
one of the two main industrial areas in Francentgeeveral years, AIRFOBEP has decided to developparational automated platform
which routinely monitors and forecasts air pollatiover its territory. This paper discusses the atp@nal tools associated with particle
matter (PM10) and sulfur dioxide ($OThe particularity of these tools is that theleation of the pollution associated with each paliu

is based on local air dispersion modelling (ADMS® &ADMS-Urban for S@ and PM10, respectively) to account for numerousillo

emission sources, considering a large simulationadio. A description of each tool which has beenettgyed will be given. An overall

view of the performance of the system in termsrofigd-level concentration prediction will also been.
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1. INTRODUCTION

The Etang de Berre region is one of the two maimétreindustrial areas and it is located in the BosaheRhéne
department, in the south-east of France. In pdaticthe border of the salt water lake is surroandg several sources of
pollutant ranging for example from agriculturaligittes, chemical industries, refineries and roeh$ports, thus leading to
the release of various pollutants damaging for huhealth and the environment (Figure 4b).

AIRFOBEP is the regional air quality agency in chaafehe monitoring of air pollution over the Etadg Berre area,
including the western part of the Bouches-du-Rhérmmadment (Figure 4a). Its missions consisted ofhbubnitoring in
real-time the majority of air pollutants that maypact human health and environment (see Figurerdtaé location of S©
and PM10 measurements), and forecasting air qualigr the whole Etang de Berre region. In particuéar quality
forecasts are designed both to inform populatidd@utithe air quality which is expected in the nfext days and to take
preventive measures of reduction of pollutant eioiss associated with industries located on the droad the salt water
lake. From several years ago, AIRFOBEP has decidedetelop an operational numerical platform to perfalaily
forecasts of air pollution at local scale over thieole Berre domain. This platform provides automapeedictions of
concentrations of  NO,, SO, dioxide and PM10 which are based on local disparsimulations which may be coupled to
mesoscale photochemical simulation.
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Figure 4. Main sources of pollutant release forEteng de Berre region : (a) Geographical domaih@ftang de Berre region. Air quality
monitoring and meteorological stations are repoatedvell. (b) Sectorial distribution of pollutaelease (adapted from AIRFOBEPO®).
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The present work is related to operational appbcatassociated with S@nd PM10. We focused on the following points:

= The specific approaches developed for the opertimonitoring and the forecast of each pollutamipérticular, a
specific approach has been developed to accounbdokground pollution for PM10 while data assiniiat
methods have been used to incorporate chemicalureasnts to correct S@ispersion plumes prediction.

= The performances of each application in terms ofigd-level concentration predictions, focusing bothmean
annual concentrations and on simulation of peallsregulatory values.

The paper is structured as follows. In sectiorh2,methodology which is used for PM10 predictiod aronitoring will be
described and an overall view of the performandehis operational tool will be given. The sectidris as the section 2 but
concerns the application associated with §@lution. Some conclusions and perspectiveshelrawn in section 4.
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2. MONITORING AND FORECASTING PM10 POLLUTION OVER THE ETANG DE BERRE REGION

In this section, we will focus on the applicatiohieh has been developed to monitor and predict Pttt@entrations over
the Etang de Berre region. First, a brief overvidwhe main functionalities of this tool will be gim. Then, more details
about the methodology which has been used to diterbackground PM10 concentrations that are usedlifpersion
simulations will be presented. Finally, some quatitie evaluation of the results provided by tipplacation will be shown.

2.1 General overview of the platform

In 2008, AIRFOBEP deployed an operational platforrmtmitor PM10 over the Berre region (Figure 4a) sTplatform has
two main functions:

=  Providing daily PM10 concentration forecasts far fliesent and the following day (D and D+1, respelsf.
=  Providing daily analysis for the day before (D-{)thking into account observations from D-1.

For each application, the computation of PM10 catregions is performed using the ADMS-Urban modétiiughet al,
1997; Carrutherst al, 2000). The simulation domain has been subdivideslthree different grids that used variable and
intelligent gridding (Figure a). Such a methodologljows one to optimise the computation time kegpénvery fine
horizontal resolution in the vicinity of roads amdint sources of PM10. The emissions that are dsedlispersion
simulations are derived from an inventory that wealized in 2001. This inventory contains datadach type of source
including point source (chimneys), lines (roads¢aa and volumes and finally natural and anthropiegsources. Note that
point sources as well as natural and anthropogenicces are common to the three simulation doma@ims.meteorology is
derived from RAMS forecasts conducted at 1 km gpéeing over the Berre region (Cottetnal, 2003) for the predictions
at D and D+1, and surface station observationsetteate analyses at D-1. Background pollution useddispersion
simulations is determined from a statistical methaded on measurements provided by the AIRFOBEPonketWwhis point
will be further detailed in the section 2.2. Thesuks of the dispersion simulations are then basected at each
measurement station and the results are interpbdate regular grid of 200 x 200°nNote that the bias has been established
by comparing past predictions and observations f2@®7 and 2008 and is a function of both the valfieoncentration
which has been predicted and the month. Maps tleagenerated for D-1 also include PM10 observattbas have been
incorporated using thieiging of innovationsnethod (Blondet al., 2003).

An example of the results provided by the platfasrpresented on Figure b. A full description of Bid10 platform is given
at http://www.airfobep.org/docs/Modelisation_PM_Rappo@02 ecran.pdf Daily operational results are available at:
http://previsions.airfobep.org/
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Figure 2. Overview of the platform developed for Edmonitoring: (a) Simulation domains used for ADUghan and (b) air quality index
(AQI) as deduced from the mean daily concentratioRM10 for the T July 2009. The scale is the one used for the Fr&id10 index
(sources: NUMTECH, SIMALIS and AIRFOBEP®).

2.2 Details about the determination of background F110 concentrations

An important part of PM10 pollution is attributedl lbng range transport of particles. Actually, thisd of pollution is not
taken into account in the emission inventory tlsaised to perform ADMS-Urban simulations. Prelimjnstudies showed
that using the available inventory only led to uredémations of observed PM10 concentrations, guggesting that a
background concentration of PM10 is needed to imprthe results of dispersion simulations. For thisstatistical
methodology has been developed to define homogsenémeer the simulation domain) and daily backgrourid10
concentrations using measurements arising from AHRFOBEP network. We can commonly define the meabure
concentrationQ) as:

C=C, +E+N

WhereC; is the actual background concentratigrthe contribution of different emission sources ahtthe noise which may
be associated with errors of measurement or coratent fluctuations due to atmospheric turbulence.
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Here we will give a brief description of each oé hollowing step of the statistical methodology eihhas been developed to
defineC;: the suppression of the tei) the determination of the tendency@fas well as the constant derived from its time
integration and finally the application oftep-by-stepnethod to define hourly background concentrations.

Suppression of the termN
By definition, the arithmetic mean of the teNrtends towards zero so that performing a movingagesover a time period
which is long enough (here, 24 hours) allows ongetiine the average @f as the average @ plus the average d&.

Determination of both the tendencyC; and its constant of integrationC,

The determination of the tendency ©fis based on the following hypothesis: Gf varies, this variation is observed for
every measurement station of the AIRFOBEP networkrdfore, observations at different stations argyiko be correlated
if this variation is more important than the logapact associated with some emission sources”. Weepded as follows:

= Computing the correlation coefficient Ror each couple of station over 13 hour periodd datermining the
number Ns) of stations correlated with’® 0.6 at least withk other stations (heré = 4).

= If Ns<K, the tendency df; is considered as null so thatremains constant.

= If Ns>K, the tendency o is then the average of concentration tendencescaged with each station correlated
with R*> 0.6 at least wittK other stations.

Doing this, and by summation, it is possible toed@ine the value of; minus its constant of time integratiofy. Cy has
both to be positive and smaller than the minimumcentration C) observed between every stati@),f). ComparingCiin
and the tendency da; over the period of interest, it is possible forteaour to determine the value 6§ using the mean
between the minimum and the maximum values it nzaseh

Application of a step-by-step method

Using continuously the method previously descrilfieel over an infinite time period) may lead toosty errors in the
estimation ofC;. To overcome this problem, a step-by-step mettasibdeen applied using finite time intervals of 2@dirs
that are defined to provide two values@ffor each time step (actually, the second half given time interval corresponds
to the first half of the following). The final vadus then a weighted mean of these two values.

2.3 Quantitative evaluation of the results

The quantitative evaluation of the results concénesperiod ranging from the'Danuary 2009 to the 3December 2009.
The Table 1 displays the results obtained for tivihe ten measurement stations (chosen as thersdtir which the PM10
platform succeeds the best and the worst) as vgetha average results taking into account all astati for mean and
maximum daily concentrations prediction at b-The Table 2 presents the bias for mean and haudyimum daily
concentrations prediction at D-1 as a functionasfaentration values.

Table 1. Quantitative evaluation of simulationsuttssat D-1 for the period ranging from th&January 2009 to the 3December 2009.

Variable Station of measurement Observed3 mear Predicted3mear Bias NMSE AQI good
(ug.m°) (ug.m°) (ug.m®) | (%) | prediction (%)
Daily mean MILE (Best predict_io_n) 27.91 27.95 -0.06) 17.3 44
concentration PSLV (Worst prediction) 33.97 29.96 -4.071 37.8 36
Mean over all stations 31.17 30.35 -0.66 20.69 41

Daily hourly SLPV (Best prediction) 49.81 36.23 -14.3

maximum PSLV (Worst prediction) 69.13 35.71 -35.2L
concentration | Mean over all stations 56.14 36.26 -21.97

Table 2. Quantitative evaluation of simulationsutssat D-1 for the period ranging from th& January 2009 to the 3December 2009.
The first (resp. last) three rows are associatéd miean daily (resp. hourly) concentrations.

Concentration classey .9 | 10.19| 20-20| 3039 4049 50-64 6579 800910 | >124
(pg.nt%) 124

Number of observed 1 56 124 109 53 22

Number of predicted 75 113 92 48 23

Mean bias (11g./) 233 | 038 -11| -087] -137 -1.82

Number of observed | 3481 | 18302| 22800 18445 10391 6658 20p3 84 293 234
Number of predicted | 1925 | 22055| 27245 2682p 12567 741 818

Mean bias (1g./) 7.86 | 4.42 | 3.04| 065] -391 -1049 -2458 -41]62 843. -113.9

Concerning daily mean concentrations, results disfgag with more than 41 % of good predictionglat worst a bias of
—4.07 pg.n¥ (station PSLV). In general, daily hourly maximumre underestimated for every measurement statitm awi
mean bias of —21.07 uginThe station PSLV, for which the mean observedimams are the largest (69.13 pugm
exhibits the largest mean bias with —35.21 |i§.bwoking at the distribution of the bias as a fime of concentration values

! The calculations concerning quantitative evaluatd results at D and D+1 are still under procédso, note that the prediction at D-1
used for the evaluation does not include obsematiwiging.
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(Table 2), it is shown that mean daily concentraitower (resp. greater) than gg.m* are generally overestimated (resp.
underestimated). In the same way, observed hoargentrations lower (resp. greater) thanp0m® are overestimated
(resp. underestimated). Note that the platformmasable to predict observed hourly concentratgnester than 8Qg.m?>.

3. MONITORING AND FORECASTING SO , POLLUTION OVER THE ETANG DE BERRE REGION

In this section, the platform developed for ;S@onitoring will be briefly described. More detailsbout original
methodologies that have been developed to cor@gtpfimes direction and assimilate S@bservations for D-1 analyses
generation will be given. As the platform is stiider development, any quantitative results wilshewn.

3.1 General overview of the platform
The platform which is currently operational for S@onitoring over the Etang de Berre region has tamrfunctionalities :

=  Providing daily SQ concentration forecasts for the present and th@sfimg days (D, D+1 and D+2, respectively).
=  Providing daily analysis for the day before (D-3) thking into account observations from D-1 andeutainties
related to wind direction and emission rates.

For each application, the computation of,S@ncentrations is performed using the ADMS mo&r(uthers, 1994) in its
version 4.1. Ten different grids are used for tispersion calculation (Figure a), each grid coroesiing to an industrial site
of the Berre area. The largest grid uses a horizanésh of 1000 m while small squared grids (5 xn%)kcentred on
emission sources have a 100 m horizontal resolutamally, intermediate domains of 10 x 10 %entred on emission
sources with a horizontal mesh of 250 m are usesiriooth the structure of plumes that overlap dsfi¢isimulation grids.
The emission rates associated with each industrialid used for the simulation are considered astant with time. The
meteorology is derived from observations for D+hdiations and numerical weather forecasts intetpdlto meteorological
stations for D, D+1 and D+2. Note that differentteagological conditions are attributed to each $ation grid as a function
of its geographical location. Maps that are gemerafor D-1 also include correction of plumes di@ttand SQ
observations that have been incorporated usingafésigal interpolation methods. This last pomstill under development
and will be discussed in section 3.3. An exampléhef results provided by the platform is preserdadrigure b. Daily
operational results are availablefatp://previsions.airfobep.org/

: A SO, measurements
Meteorological stations
Emission sources

Figure 3. Overview of the platform developed forZ3@onitoring: (a) Simulation domains used for eafthe ten industrials and (b) air
quality index as deduced from the max hourly cotregion of SQ for the 3¢ June 2009 at 10UTC. The scale is the one usetiddfrench
ATMO indexsources: NUMTECH, SIMALIS and AIRFOBEP®).

3.2 Correcting plume direction and emission ratesar D-1 analyses

The methodology which is described here only cameéine generation of analyses at D-1 and is appiede hourly maps
of predicted concentrations projected onto thedsirgrid. This methodology is intended to accoontuincertainties related
to wind direction and emission rates that are tanables that may strongly impact the results ofisdan plume dispersion
models and leading to poor performances. The methgg may be described as follows:

= An ensemble of angles of rotatidnranging from —20° to 20° (by 1°) is defined.

=  For eachd;, the concentration field which is associated wei#lth industrialist is rotated. For each indussiathe
centre of the rotation is defined as the barycenittee location of its emission sources. Whenrtiation has been
applied to the ten industrialists, the ten conagitn fields are then summed.

= In the same way, the uncertainty related to emissaies is taken into account defining a correctactor f
(applied to emission rates) ranging from 50 % t0 ¥5of the standard rates used for ADMS simulations

= For each combination ob; andf, a concentration field is then obtained. The fighdt best matches $O
observations is then conserved and used for th@fivlg step, that is the incorporation of Sf@easurements.

3.3 Assimilation of past observations for D-1 anakes

The last step of the generation of hourly concéiomaanalyses consisted of assimilating,S@easurements into two-
dimensional concentration fields that have beemiobt after applying corrections of plumes direttimd emission rates.
The so-called kriging of innovations method is eutly used. It is based on linear combinations ofieh errors at each
surface station used for $@easurements. The corrections are directly apgliethe location of measurements using a
range (radius) of influence of 1 km to accounttfar fact that SQobservations are representative of the local scale
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The Figure displays an example of the impact @fdnand emission rates corrections as well as fheeimce of the kriging
of innovations for a particular case-study. Asiatierrors between ADMS results and some measuremesre large (more
than 150 pg.m, see Figure a), the influence of these differerisedearly shown when applying wind and emissiate r
corrections (Figure b). In particular, the concetion field which is produced does not exhibit vésyge values in the
vicinity of the FSMR and MEDE sensors. The applmatof the kriging method (Figure c) also led tatier improvements
as the predicted values at VTRL (on the right boafehe Figure c) are close to the observed or@kewhe results at the
surrounding sensors (BETG and BMGS) have not bewrideted. Nevertheless, the application of intioves kriging to
daily predictions sometimes led to unrealistic hsswsuggesting that this method is not fully apallle to Gaussian plume
models results.

Figure 4. Example of the generation of,3Malyses at D-1: Hourly concentration (ug)merived from (a) raw ADMS simulations, (b)
ADMS simulations with wind and emission rates cotigns and (c) ADMS simulations with wind and eriossrates corrections, and
kriging of innovations. The values at each measergrstation is also reported with colored circles.

4. CONCLUSIONS AND FUTURE WORK

In this study the automated platforms used by AIRFBB& monitor and forecast PM10 and,Sfoncentrations over the
Etang de Berre region were presented. The resutsided by the PM10 platform showed a very good ement with
ground stations measurements, in particular themksspecific methodology developed to accounhfstorical errors of the
system (application of a bias) and background PMbOution that is not taken into account in stamd@&missions
inventories. Nevertheless, the current PM10 platifatill exhibits a strong negative bias in companisvith large PM10
concentrations. The automated platform associatéd ®0O, concentrations prediction is currently operatioroait
developments are still under process to generalyses at D-1 accounting for both uncertaintieategl to wind direction
and emission rates, and local S@easurements that have to be assimilated in ctnatien fields. The method of
innovations kriging does not seem to be fully aggddle to this platform in its current form and &aient data assimilation
technique that may be applied to discontinuouddisluch as S(lume fields is probably needed. In particularftiitowing
developments may be envisaged for the Si@tform:

= The correction applied to plumes direction is cailgeidentical for each industrialist. It is plarthéo assess the
impact of applying individual corrections that ndiffer between industrialists.

= Taking into account the spatial direction when gimgl kriging of innovations. Such a methodology maing
valuable improvements for discontinuous concemnatifields that exhibit anisotropic structures.

= Finally, it is planned to develop a statistical mtedthat will provide, on demand, quantitative asseents of SO
predictions. Actually, such a quantitative evaloatimodule already exists for the platforms thateh&een
developed for PM10, £and NGQ monitoring.
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