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ABSTRACT

A comprehensive evaluation of a CHIMERE model ruhigh resolution was conducted for the year 2009 &sope.
The performance of the model is systematically s according to the type/location of the statemd time of year.
Along the year, CHIMERE reproduces nicely the dail@®,Nind Q daily variability. Over the year, the model shows
negative bias for N©and a positive one for{vhich is higher during winter and summer respedyivCHIMERE gives
an overall satisfactory performance concerning $raulation of PMy concentrations (FB=-14%) and a good
performance for prediction of PMconcentrations (FB=4.9%). For sulfate, the modefopers rather well during the
summer (FB=7.1%) but overestimates the concentstainspring time (FB=41.0%). Over the year, thel toitate
concentrations are underestimated (FB=-57.8%) baitbatter reproduced than particulate nitrate. Kindhe total
ammonia is better simulated by the model duringsfiming (FB=4.0%) and the autumn (FB=-1.5%) seaduvas during
the summer (FB=-21.2). Along with work on the aetasodule in order to improve the urban modellingSdA, the
next steps will include calculation of the modellBdl, 5 and NQ urban increments for European cities and the
integration of a standard methodology for the urbamrement calculation to be implement in integlatssessment
models.

1. INTRODUCTION

Over the last decades, numerous papers intendex/aimate the skills of CTMs to correctly estimate
tropospheric air pollutants concentrations. Botimstant evolution of model parameterisations and the
increased quality of input data including meteoggloand emissions should foster frequent CTMs
assessments. A list of European model evaluatimfiest that took place during the last decade cdo el

in Pay et al. (2011)The CHIMERE model itself had undergone severaétextensive evaluationggutard

et al. (2007a); Van Loon et al. (20Q.7{lowever, we note that previous studies are gdlyezoarser in terms
of horizontal resolution and use fewer stationsa¢hieve the validation part. The aim of the stusiya
comprehensively evaluate a fine resolution (0.062625°) CHIMERE runs throughout the Europe usireg th
largest set of monitoring stations available in 200he analysis is performed for ozones)((nitrogen
dioxide (NQ), PMy,, PM,sand PM compounds such as sulfate f90nitrate (NQ), total nitrate ( HNG*
NO3), ammonium (NH"), total ammonia (Ng+NH,").

2. METHODOLOGY

2.1. CTM description

The purpose of CHIMERE is to calculate the conedittns of usual chemical species that are involwed
the physico-chemistry of the low troposphere. CHREEhas been described in detail in several papers:
Schmidt et al. (2001jor the dynamics and the gas phase modBtssagnet et al. (2008, 200y the
aerosol moduleyautard et al. (2005, 2007)r the latest substantial model improvements. abeosol
model species are the primary particle materidfats, nitrates, ammonium, organic aerosols, atia-and
dust. For more detail on the latest developmente @an refer to the online documentation
(http://www.Imd.polytechnique.fr/chimere). For thstudy, we defined a nested fine resolution domain
(324x410 grid boxes) that covers the whole of Earém 10.4375°W to 29.9375°E in longitude and
35.9062°N to 61.4687°N in latitude with a resolatiof 0.0625x0.125° (Figure 1). Boundary conditi@ane
monthly mean climatology taken from the LMDz-INCAodel for gaseous specieklguglustaine et al.
(2004) and from the GOCART model for aerosolSirfoux et al. (200)) Data for comparison with
observations are extracted from the lowest verteatl (20m on average). A complete and high re&wniu
set of both biogenic and anthropogenic emissioashaeded in order to perform CHIMERE computations.
Six biogenic species (isoprengpinene,p-pinene, limonene, ocimene, and NO) are calculatgdg the
MEGAN model Guenther et al. (200p)We also account for wildfire emissions issuenfrthe GFED3
(Kaiser et al. (201))
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As CHIMERE is an off-line model, we had to
select a set of meteorological data for the entire
2009 year. For this study, we shifted from the
usual WRF limited area models data to the
ECMWF Integrated Forecast System (IFS) data
(http://www.ecmwf.int/research/ifsdocs).
Motivations include the systematic over wind
speed estimation by WRBifnenez and Dudhia
and the save in time allows when using IFS data
as no meteorological pre-runs are needed. The
IFS model has a 0.25x0.25° horizontal grid
spacing (T799) from surface to 0.1 hPa (91 levels
in total). It delivers typical meteorological

_ . ? variables (temperature, wind components, specific
— 1 — T humidity, pressure, sensible and latent heat
CIRCLE=AirBase(1009); CIRCLE=AirBase(560); TRIANGLE=EMEP(85); ﬂUXeS) that are Vertica”y a.nd horizonta”y
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Figure 1: Airbase rural background (green), Airbase interpolated onto the CHIMERE grid (8 levels).
urban background (blue) and EMEP rural stationd)(re
projected on the domain used for the evaluation.
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2.3. Anthropogenic emission pre-processing

The emission pre-processor transforms raw anthmgiogemissions in ton/year/cells to CHIMERE
compliant spatialised emissions dataset. VOC, NGB, SQ, NHz, PPM (Primary Particle Material) annual
emissions come from the Co-operative ProgrammeMonitoring and Evaluation of the Long-range
Transmission of Air pollutant EMEREéstreng (2003)Two main steps can be identified in the anthremig
emission pre-processing: the spatialisation andidéigig of raw emission on the CHIMERE grid and the
speciation/aggregation step. The first step camgistegridding national anthropogenic emissioremearies
onto the CHIMERE computational grid using the US@&abase (http://www.usgs.gov). Annual NOx
emissions were speciated into NO, Nebhd HNQ using the coefficients recommended by [IASA (paeso
communication). For NMVOC, the speciation was penfed over 32 NMVOC NAPAP classeslifidleton

et al. (1990) and for the aggregation step the lumping of NM\&OiGto model species is performed
following Middleton et al. (1990)Time disaggregation was done on the basis of Q#ISEdata using
monthly, weekly and hourly coefficients dependimgtbe activity sectorSociety et al. (1994) For SNAP2,
we also propose a new temporal profile accordintp¢odaily ambient temperature (degree day concept)

2.4. Observation data

Observed data come from two different databases. e THirst one is Airbase
(http://acm.eionet.europa.eu/databases) gathezmgatory data reported by Member States accotdirige
air quality directives. For this study, we used telifferent Airbase types of station: the Rural Bgrdund
stations (RB) and Urban Background stations (UB)e Wso used data from the EMEP network
(http://www.emep.int/) that provides observatiof$SbA at remote Rural Background sites (RB) ovenare
extended area of the European Union. Stations avitlaltitude under 750 m were selected if 75% oremor
data are available over the year. Figure 1 displagspatial distribution of the AIRBASE (green B and
blue for UB) and the EMEP (red) stations used ffieré¢valuation. Three key statistical indicatorssmiected
for their ability to diagnose the model performanttee correlation index (R), the root mean squarere
(RMSE) and the fractional bias (FB). Details abiat calculation of the statistics using Atmosphéfiadel
Evaluation Tool software (AMET) can be found Appel et al. (2011)The following section is based on
yearly and seasonal mean of the statistical indisat

3. RESULTSAND DISCUSSION

Figure 2 shows daily box-whisker plots time senéshe NQ, O;, PM;g and PM s observed and calculated
concentration averaged over all UB Airbase statidiable 1 presents a few yearly mean statistiaadescfor
gas and particulate pollutants. Along the year, HRE catches nicely the temporal variability of Né»th

at RB (R=0.65) and UB (R=0.61) sites but underest® significantly the concentration especiallyimyr
the winter season (FB=-65.9). This behaviour cdagddue to the general underestimation of NOx urban
emissions whose the impact is magnified by the evinime stagnant conditions that increase the, NO



observed concentration at low level. Overall, dadynporal variability of @ concentrations is very well
simulated both at rural (R=0.78) and urban backguosites (R=0.77). The model reaches its lowesirFB
the summer (15.8%) at UB sites. Over the yearpthdelled values present a systematic positive wkash

is higher at urban (FB=28.5%) than at rural sile&%g%). This tendency could be link to the undémestion

of the NQ previously mention especially during the winterudban sites. For the P}y at UB stations, R
gets highest values during the summer and the auf0mM6 and 0.48 respectively) and its lowest aingp
(0.41). Conversely, the FB is lower in warm seas@m% at spring time) than in the winter (-30.5%#) RB
site, the model performs better in terms of coti@fa(0.60 in the winter). Over the year, in oppiosi to the
UB sites (FB=-17%), CHIMERE overestimates the coiregion (FB=8.1%) at RB sites. For BM the
behaviour is similar to PNM. However, we note a higher R value over the yedin lat UB sites (0.54) and
RB sites (0.61) than for P} At UB sites, CHIMERE performs better in autumn5@) than in summer
(0.40). The highest R is observed at RB sites duttie winter (0.69). The FB is very low during guemmer

at UB stations (1.8%) and negative during the wit&1.9%). At RB sites the FB is always positiveldhe
maximum is observed at spring time (28.9%) andnii®mum at winter time (6.5%). We underline that
CHIMERE gives, over the year, a good performanceceming the reproduction PM concentrations
(FB=4.9%). PMo,, PM,5 and PM speciation data were available on seveMERE sites. As previously
observed with the Airbase RB stations, CHIMERE esémates the PN (FB=19.9%) and Pk
(FB=20.1%) concentrations at the EMEP stations.trAng inter-seasonal variability is observed with a
minimum FB during the winter (7.1% for BMand 0.6% for PMs). The highest correlation coefficient is
found during the winter (0.55 for PM10) and is gdod PM, 5 (0.69). Concerning the secondary inorganic
aerosol (SIA), an inter-seasonal variation is alsted. For the sulfate, the model performs ratredt during
the summer (FB=7.1%) but strongly overestimatesctivecentration at spring time (FB=41.0).The nitsate
are strongly underestimated along the year buerdtigh R value is noted during the winter (0.6B)is
underestimate is mainly due to the slight overestiinof sulfate and the missing coarse nitrate cteynin
CHIMERE. The total nitrate concentration is mucltérereproduced with R>0.6 over the year excepindur
the summer (0.17). The order of magnitude of theirfelcates an underestimation of a factor 2. Alertn
sulfate, ammonium appears to be the best SIA compoeproduced by CHIMERE. The FB is rather low
and indicates a slight overestimation during thetevi (7.7%) and an underestimation during the sun{me
5.9%). The total ammonia is nicely reproduced byMIERE with some low bias observed during the spring
(FB=4.0%) and autumn (FB=-1.5%) seasons. The pegoce is worse during the summer where the model
is underestimating the most (FB=-21.2%).

Table 1: Yearly mean selected statistical indexdsutated using Airbase UB and RB (values in bracksttsjons and
using EMEP RB stations (SIA only). For observatioramenodelled mean and RMSE the units are: in ppbl@yand
Os.in pg/nt for PMyo and PM 5 in pgS/nifor sulfate, in pgN/mfor total nitrate and total ammonia. FB in %.

Pollutant Nb stations Observation mean Modelled mean R RMSE FB
NO, 770 (300) 13.2 (6.6) 8.2 (4.9) 0.61(0.65) 8.4(4.7) -54.4(-26.8)
0, 586(361) 23.6 (27.9) 29.5 (32.6) 0.77 (0.78) 9.8(8.8) 28.5(19.8)
PMyo 677 (238) 29.3 (20.6) 22.8(20.2) 0.42(0.48) 21.9(13.2) -14.0(8.1)
PM, 5 267 (92) 17.5 (13.6) 16.4 (14.1) 0.54 (0.61) 12.6(10.0) 4.9(20.5)
Sulfate 37 0.7 0.9 0.48 0.6 27.6
Total Nitrate 26 0.6 0.4 0.57 0.6 -57.8
Total Ammonia 14 15 1.4 0.60 11 -7.3
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Figure 2: Daily box-whisker plots time series 0é€tNGO,, O;, PM;; and PM 5 observed and calculated concentration
averaged over all UB Airbase stations. The contisulines represent the medians and the bars shev2dh-75"
quantile interval. The yearly #550th, 7%, and 9%' quantiles are reported on the top right cornethefplots (in the
legend AgIFSCHMO9Fin refers to the CHIMERE simulation)
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CONCLUSIONS

A comprehensive evaluation of the CHIMERE model wasducted for the year 2009. The performance of
the model is systematically assessed accordindndotytpe/location of the stations and time of ydar.
reproduces correctly daily NQvariability along the year but underestimates ificantly the concentration
especially during the cold season. It simulateslyithe day to day ©variation similarly at urban and rural
sites with an overestimation which is higher durthg winter at urban sites. CHIMERE gives an overal
satisfactory performance concerning the predictafn PM;, concentrations (FB=-14%) and a good
performance for PM2.5 concentrations (FB=4.9%). thersulfate, the model performs rather well dutimg
summer (FB=7.1%) but strongly overestimates theentration at spring time (FB=41.0%). The totatate
concentration is much better reproduced than eitstand alone with high R over the year (R>0.6}.t6tal
nitrate, the model underestimates the observatiamally, the total ammonia is better reproducedtiy
model during spring (FB=4.0%) and autumn (FB=-1.3%8kgreas the model performance is lower during the
summer (FB=-21.2%). Along with work on the aerosmdule in order to improve the urban modelling of
SIA, the next steps will include calculation of thrdelled PMs and NQ urban increments for European
cities and the integration of a standard methodofog the urban increment calculation to be impletie
integrated assessment models.
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