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Abstract. An innovative approach using mobile lidar mea- Root Mean Square Error RMSE (and a Mean Absolute Per-
surements was implemented to test the performances ofentage Error MAPE) of 7.2 ugmd (26.0 %) and 8.8 ug ré
chemistry-transport models in simulating mass concentra{25.2 %) with relationships assuming peri-urban and urban-
tions (PMyg) predicted by chemistry-transport models. A type particles, respectively. The comparisons between CTMs
ground-based mobile lidar (GBML) was deployed aroundand lidar at~200 m height have shown that CTMs tend to
Paris onboard a van during the MEGAPOLI (Megacities: underestimate wet P} concentrations as revealed by the
Emissions, urban, regional and Global Atmospheric POL-mean wet PMp observed during the 10 MD of 22.4, 20.0
lution and climate effects, and Integrated tools for assessand 17.5ugm? for lidar with peri-urban relationship, and
ment and mitigation) summer experiment in July 2009. ThePOLYPHEMUS and CHIMERE models, respectively. This
measurements performed with this Rayleigh-Mie lidar areleads to a RMSE (and a MAPE) of 6.4 ug# (29.6 %)
converted into P\ profiles using optical-to-mass relation- and 6.4 ug m® (27.6 %) when considering POLYPHEMUS
ships previously established from in situ measurements perand CHIMERE CTMs, respectively. Wet integrated fM
formed around Paris for urban and peri-urban aerosols. Theomputed (between the ground and 1 km above the ground
method is described here and applied to the 10 measuremenisvel) from lidar, POLYPHEMUS and CHIMERE results
days (MD). MD of 1, 15, 16 and 26 July 2009, correspond- have been compared and have shown similar results with a
ing to different levels of pollution and atmospheric condi- RMSE (and MAPE) of 6.3 mg r? (30.1 %) and 5.2 mg P
tions, are analyzed here in more details. Lidar-derived®M (22.3 %) with POLYPHEMUS and CHIMERE when com-
are compared with results of simulations from POLYPHE- paring with lidar-derived PNy with periurban relationship.
MUS and CHIMERE chemistry-transport models (CTM) The values are of the same order of magnitude than other
and with ground-based observations from the AIRPARIFcomparisons realized in previous studies. The discrepancies
network. GBML-derived and AIRPARIF in situ measure- observed between models and measuredPdan be ex-
ments have been found to be in good agreement with a meaplained by difficulties to accurately model the background
conditions, the positions and strengths of the plume, the ver-
tical turbulent diffusion (as well as the limited vertical model
Correspondence tcP. Royer resolutions) and chemical processes as the formation qf sec-
= (philippe.royer@Isce.ipsl.fr) ondary aerosols. The major advantage of using vertically
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r_esol\_/ed lidar observations in adqun Fo surfaqe concentra=,pie 1. GRML main technical characteristics.
tions is to overcome the problem of limited spatial represen-
tativity of surface measurements. Even for the case of a well-

mixed boundary layer, vertical mixing is not complete, espe- | ager Nd:YAG 20 Hz

cially in the surface layer and near source regions. Also a 16 mJ @ 355nm

bad estimation of the mixing layer height would introduce Reception diameter 150 mm

errors in simulated surface concentrations, which can be de- Full overlap 150-200m

tgcted using Iidgr. mgasurements. .In addition, horizontal spa- Detector Photomultiplier tubes

tial representativity is larger for altitude integrated measure- riiter bandwidth (FWHM) 0.3nm

ments than for surface measurements, because horizontal in

homogeneities occurring near surface sources are dampenedata acquisition system PX1100 MHz
Raw/final resolution along the 1.5m/15m
line of sight
Temporal resolution 20s

1 Introduction Lidar head size ~65x35x18cm
Lidar head and electronics weight~ 40 kg

Aerosol pollution studies in urban centers are of increasing Power supply 4 batteries (12V, 75 Ah)

interest as they directly concern almost half of the world’s
population. Moreover, urban population is expected to con-
tinue to increase during the next decades. Epidemiologi- In the frame of the FP7/MEGAPOLI project (seventh
cal studies have clearly established that small particles wittFramework Programme/Megacities: Emissions, urban, re-
an aerodynamic diameter below 2.5um (P and below  gional and Global Atmospheric POLIution and climate ef-
1um (PM), and mainly originating from traffic and indus- fects, and Integrated tools for assessment and mitigation;
trial activities, have an impact on human health by penetrathttp://megapoli.dmi.di/ an intensive campaign was orga-
ing the respiratory system and leading to respiratory (aller-nized in the lle de France region in summer (July) 2009
gies, asthma, altered lung function) and cardiovascular disand winter (15 January—15 February) 2010, in order to better
eases (e.g. Dockery and Pope, 1996; Lauwerys, 1982). Thguantify organic aerosol sources in a large megacity in tem-
study of air quality in megacities, with often large particu- perate latitudes. A large ensemble of ground based measure-
late matter loads, and potentially large health impact is thusnments at three primary and several secondary sites, by mobile
an important issue (e.g. Gurjar et al., 2008). In particular, itvans, and by aircraft has been set-up. Detailed measurements
is still important to improve our understanding of physico- of aerosol chemical composition and physico-chemical prop-
chemical, transport and emission processes that play a kegrties, of gas phase chemistry and of meteorological vari-
role in the formation of pollution peaks within megacities ables were performed on these platforms. Campaign objec-
and their surroundings. In addition, several studies have als@ives and measurement set-up will be described in detail in a
shown that megacities have an important regional impact onater paper in this special section. As part of this campaign, a
air quality and climate (e.g. Lawrence et al., 2007). ground-based mobile lidar (GBML) was deployed onboard a
The Paris agglomeration with about 12 millions of inhab- van in order to investigate the aerosol load and the evolution
itants is one of the three megacities in Europe (with Lon-of aerosol optical properties in the urban plume.
don and Moscow). Air quality is continuously monitored  We present here vertically-resolved PMmass concen-
over the agglomeration by a dedicated surface network (AIR4ration of aerosols with an aerodynamic diameter lower than
PARIF, http://www.airparif.asso.fj/ Furthermore, aerosol 10 pum) retrieved from GBML measurements performed dur-
chemical and optical properties over Paris have been invesng the MEGAPOLI campaign using optical-to-mass rela-
tigated in the framework of several campaigns: ESQUIFtionships previously established over the Paris region. In
in 1999 (Etude et Simulation de la QUa&litle I'air en lle  addition, a comparison with two regional chemical-transport
de France; Vautard et al., 2003; Chazette et al.,, 2005)models is performed. The next section (Sect. 2) details the
MEAUVE (Modélisation des Effets desé&kosols en Ultra  experimental setup (instrumentation and observation strat-
Violet et Experimentation) in 2001 (Lavigne et al., 2005), egy). The modeling approach is detailed in Sect. 3 as
LISAIR (Lidar pour la Surveillance de I'AIR) in 2005 (Raut well as the commonalities and differences between the two
and Chazette, 2007) and ParisFog in 2007 (Elias et al., 2009CTMs. The methodology, uncertainties and results of lidar-
Haeffelin et al., 2010). Ground-based in-situ measurementslerived PMg are presented in Sect. 4 and compared to AIR-
in dry conditions performed during these campaigns gavePARIF measurements. Finally, CHIMERE and POLYPHE-
the opportunity to determine optical-to-mass relationshipsMUS CTMs simulations are compared to GBML-derived
for urban, peri-urban and rural environments over the lle-de-and AIRPARIF-measured PJd (Sect. 5).
France region (with Paris in its center) (Raut and Chazette,
2009).
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2 Experimental setup Altitude (m)
491 <

2.1 Instrumentation 40!

2.1.1 Ground-based mobile lidar 48.9

&~
ol
o

The ground based mobile lidar (GBML) used during the
MEGAPOLI campaign is based on an ALSSBB0lidar
commercialized by the LEOSPHERE company and ini-
tially developed by the Commissariat’Energie Atomique
(CEA) and the Centre National de la Recherche Scientifique 485
(CNRS) (Chazette et al., 2007). The main characteristics of

this lidar are summarized in Table 1. Itis based on an Bitra 4
Nd:Yag laser manufactured by Quantel company, delivering 483 . e T . T

~6ns width pulses at the repetition rate of 20Hz with a Longitude (°)

mean pulse energy of 16 mJ at 355nm. The acquisition is_ ) _ S o
realized with a PCI eXtensions for Instrumentation (@)(I Elg-. 1'CT(|)p0%raPh:C maé). Wlth thel main cities in thi V'C'.n'tﬁlOf
system at 100 MHz (National Instruments). This compact aris. Colored circles indicate rural (in cyan), peri-urban (in blue),

03 ) . urban (in green) and traffic (in red) AIRPARIF stations measuring
(~65x 35x 18cnr) and light (-40kg for the lidar head PMjp. Paris and Palaiseau AERONET sun-photometer stations and

and electronics) instrument was taken onboard a van with he location of Trappes radiosoundings are also indicated by yellow
power supply delivered by 4 batteries (12V, 75Ah giv- and pink triangles, respectively.

ing an autonomy of~3 h 30 min. This system is particularly

well-adapted to air pollution and tropospheric aerosol studies

thanks to its full overlap reached at about 150-200 m heighthat TEOM measurements correspond to dry;plls sam-

and its high vertical resolution of 1.5 m. The detection is re-pling is performed through a warmed inlet-ab0°C. Fig-
alized with photomultiplier tubes and narrowband filters with ure 1 shows the localization of the 22 AIRPARIF stations
a bandwidth of 0.3 nm. It gives access to the aerosol opticameasuring PN concentrations: 10 urban (green circles), 3
properties (depolarization ratio and extinction coefficient in peri-urban (blue circles), 3 rural (cyan circles) and 6 traffic
synergy with sun-photometer measurements) and the atmastations (red circles) according to AIRPARIF criteria. These
spheric structures (planetary boundary layer (PBL) heightatter are not considered in this study because they are not
aerosol and cloud layers). The final vertical resolution of therepresentative of background aerosol concentrations.

data is 15 m after filtering for a temporal resolution of 20 s.
2.1.3 AERONET sun-photometer network

Latitude (°)
-
=]
~

&
il
=2}

Bolsglerpin )

Fonwélableau '

o

2.1.2 AIRPARIF network
The AErosol RObotic NETwork (AERONET) is an auto-

AIRPARIF is the regional operational network in charge of matic and global network of sun-photometers which pro-
air quality survey around the Paris area. It is composed ofvides long-term and continuous monitoring of aerosol op-
68 stations spread out in a radius of 100 km around Paridical, microphysical and radiative propertigstp://aeronet.
measuring every hour critical gases and/or aerosol concentraysfc.nasa.goyHolben et al., 1998). Each site is composed
tions (PMyo and PMs). Two different types of stations are of a 318A® sun and sky scanning spectral radiometer man-
distinguished: 26 stations close to the traffic sources and 42factured by CIMEL Electronique. For direct sun measure-
background (urban, peri-urban or rural) stations. From thement eight spectral bands are used between 340 and 1020 nm.
entire set of measurements (NO, N@zone, PMo, other The five standard wavelengths are 440, 670, 870, 940 and
pollutants, depending on the site), we have only used herd020 nm. Aerosol Optical Depth (AOD) values are computed
PMjo concentrations measurements performed with autofor three data quality levels: level 1.0 (unscreened), level 1.5
matic TEOM instruments (Tapered Element Oscillating Mi- (cloud-screened), and level 2.0 (cloud screened and quality-
crobalance, Pataschnik and Rupprecht, 1991);fddncen-  assured). The total uncertainty on AOD<s+0.01 for A >
trations are regulated in France. Since 2005 the threshold40 nm and< +0.02 for A < 440 nm (Holben et al., 1998).
values are 40 pug ? as an annual average and 50 (gPras Four AERONET sun-photometers are located within the lle-
a daily average which must not to be exceeded on more thade-France region, within the administrative boundaries of
35 days per year. The information and alert thresholds ard®aris and in the suburbs Palaiseal&t€it and Fontainebleau
respectively 80 and 125 pgTh in daily mean. The uncer- sites. We only used in this study level 2.0 AOD data at
tainty on PMg concentrations measured with a TEOM in- 340, 380 and 440 nm from Paris (latitude 48.85 longi-
strument has been assessed to be between 14.8 and 20.9%&@e 2.36 E; altitude 50 m) and Palaiseau (latitude 48.2
(personal communication from AIRPARIF). It is noteworthy longitude 2.21 E; altitude 156 m) sun-photometers stations

www.atmos-chem-phys.net/11/10705/2011/ Atmos. Chem. Phys., 11, 100155-2011
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Fig. 2. Lidar van-circuits performed during the MEGAPOLI summer experiment for tfa, 115 (b), 16 (c) and 26(d) July 2009. The color
scale indicates the decimal hours in LT.

(see yellow triangles on Fig. 1) which were available during downwind. Aerosol optical properties are indeed functions

MEGAPOLI campaign. of the aging and hygroscopic processes acting on pollution
. _ particles (Randriamiarisoa et al., 2006). The lidar measure-
2.2 Lidar-van travelling patterns ments were triggered based on chemical forecasts delivered

by the PREV'AIR system (Rouil et al., 2009; Horoket

al., 2008;www.prevair.org, and which were especially pro-

cessed for the campaign, for days when the occurrence of a

r;')ollution plume downwind of Paris could be expected (light
inds in general below about 5 msat 500 m height, cloud

2.2.1 Description and rationale

During the MEGAPOLI summer campaign GBML was used

to perform measurements along and across the pollutio
lume emitted by Paris and its suburbs. The main goal was t ; o .

b y 9 ree or partially cloudy conditions). Examples of lidar-van

rmine the atmospheric str res (PBL height, cl nd.”~ . . . :
dete e the atmospheric structures ( eight, cloud a circuits are shown in decimal hours (Local Time LT) on

aerosol layers) and the evolution of the aerosol optical prop-_.
erties (aerosol extinction coefficient and depolarization ratio)F'g' 2for 1 (2a), 15 (2b), 16 (2c) and 26 July 2009 (2d), for

during its transport from the agglomeration to about 100 kmthe main representative cases. GBML measurements were

Atmos. Chem. Phys., 11, 107083726 2011 www.atmos-chem-phys.net/11/10705/2011/


www.prevair.org

P. Royer et al.: Comparison of lidar-derived PMvith regional modeling 10709

Table 2. Meteorological conditions (wind direction and velocity-8250 m, relative humidity at-0.2 km and 1 km, levels of pollution (and
PMjo concentrations), mean AOD (and variability) at 355 nm, mean LR (and variability) and mass increase coef{miehvariability)
during the 10 MD involving GBML during the MEGAPOLI summer experiment.

Hour Meteorological conditions Ground-based AOD LR u =+
Day hh:mm —— - - — levels of pollution = variability — + variability  variability
(LT Wind direction W|nd1 speed Relative humidity (%) from AIRPARIF (sn)
e Tozkm  1km (Mo

01 from12:48 Northeast 3.3-3.6 5t4 66+3 High 0.49+0.14 521+6.4 0.23+0.01
to 15:58 (40-90 pg )

02 from13:01 East 1.0-2.3 493 70+3 High 0.68+0.06 633+141 0.21+0.01
to 16:00 (30-70 ug )

04  from 16:49 West 0.9-1.7 581 74+2 Low 0.22+0.02 801+126 0.14+0.02
t0 19:24 (10-30 pg n3)

15  from 13:07 Southwest 7.7-8.7 402 72+2 low—moderate - - 006+0.01
t0 16:42 (20-40 pg n3)

16  from 13:03 South 3.7-5 472 70+3 low-moderate 0.23+0.01 297+1.2 0.13+0.02
to 16:31 (25-35 ug )

20 from 14:27 West 4.4-52 522 78+2 Low 0.20+0.01 407+2.4 0.11+0.01
to 17:59 (10—20 pg n3)

21  from 13:40 Southwest 8.2-9.8 453 63+4 low—moderate - - 015+0.01
t0 16:43 (20-40 pg n3)

26  from 14:42 South 3.5-44 451 66+1 low 0.144+0.01 428+8 0.06+0.02
to 17:30 (10-20 pg n3)

28  from 15:05 Southwest 3.5-4.2 492 73+2 low 0.184+0.01 344+21 0.10+0.02
10 19:17 (10-30 pg )

29  from 14:22 Southwest 55-7.1 421 60+1 low—moderate - - 013+0.02
t0 19:02 (20-40 pg )

performed either following the pollution plume (1, 15, 16 Table 3. Comparison of air mass origin determined from backward

20, 21, 28 and 29 July 2009) or by circling in the suburbs yajectories in the month of July between 2005 and 2010, observed
of Paris at~25km distance from downtown (for 2, 4 or in july 2009 and observed in July 2009 for MD only.

26 July 2009). The circular tracks were performed when

the_ meteorological fprecasts gave horizontal Wi_nd ﬁeldg not Origin of July July  July 2009

suited for a well-defined pollution plume formation, mainly airmasses  2005-2010 2009  (MD only)

in the case of an horizontal wind with a mean velocity lower

than 4—5msl. Northeast 7% 3% 10%
East 9% 3% 10%
Southeast 3% 2% 0%

2.2.2 Meteorological condition and representativity of South 4% 5% 20%

the spatiotemporal sampling Southwest 20% 21% 40%

West 41 % 60 % 20%
Northwest 12% 6 % 0%

Table 2 summarizes meteorological conditions (wind direc-
tion and speed, relative humidity RH), levels of pollution,
AOD, extinction-to-backscatter values (so-called Lidar Ra-
tio LR) at 355nm and mass increase coefficienfor the

10 measurements days (MD) involving GBML under cloud- PBL along the track) have been computed with ISORROPIA
free conditions. Wind directions and velocity a250m  thermodynamic model (Nenes et al., 1998).

and RH are obtained from the Mesoscale Model MM5 The representativeness of air mass origin observed dur-
and pollution levels from AIRPARIF urban background sta- ing the MEGAPOLI summer campaign has been evaluated
tions. AOD (t its day-to-day variability) at 355 nm is com- by comparing with 3-day HYSPLIT (HYbrid Single Parti-
puted with AOD at 380 nm from Palaiseau AERONET sun- cle Lagrangian Integrated Trajectory Model) backward tra-
photometer station using the Angstn exponent (Angsfim, jectories bttp://ready.arl.noaa.gov/HYSPLIT.phending at
1964) between 340 and 440 nm. Integrated LR valdeiss( 500 m above ground level (a.g.l.) for the month of July
day-to-day variability) are retrieved from coupling between between 2005 and 2010 (Table 3) using as impuk 1°
fixed lidar and sun-photometer coincident measurements (seeinds from the Global Data Assimilation System (GDAS).
Sect. 4.1). Mass increase coefficientsits variability in the ~ The origin of air masses for July 2009 is in good agreement

North 4% 0% 0%

www.atmos-chem-phys.net/11/10705/2011/ Atmos. Chem. Phys., 11, 100155-2011
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with the mean of 2005-2010 where most of the air masse®rated with the AIRPARIF inventory for 2000 where avail-

came from south-western (20% for 2005-2010 and 21 %able and with the EMEP expert inventory for 2005 elsewhere.

for July 2009) and western sectors (41% for 2005—-2010More details on the model description and on the use of AIR-

and 60 % for July 2009). If we now consider only MD in PARIF and EMEP inventories may be found in Sartelet et

July 2009 the distribution is significantly different with most al. (2007a) and Tombette and Sportisse (2007) respectively.

air masses observed from the south-western sector (40 %jurther details on the options used in the modeling are given

and an important contribution of the southern sector (20 %)in Table 4.

whereas the western sector only represents 20%. In fact,

MD have only been realized in partially cloudy or cloud free 3.2 CHIMERE model

conditions, which can explain that the southern sector is over

represented and the western sector under represented.  The second model used here is the eulerian regional
chemistry-transport model CHIMERE in its version V2008B
(seehttp://lwww.Imd.polytechnique.fr/chimerédr a detailed

3 Modeling approach documentation). The model has been largely applied for
continental scale air quality forecast (Hoacet al., 2008;

Two Chemistry-transport models (CTM) have been appliedhttp://WWW.prevail’.OI‘Q], for sensitivity studies, for example

to simulate PMo on each MD previously presented. The with respect to chemical regimes (Beekmann and Vautard,

main characteristics of the two CTMs used in the simulations2010), and for inverse emission modeling (Konovalov et al.,

are summarized in Table 4. 2006). The model has also been extensively used to simulate
photooxidant pollution build-up over the Paris region (e.g.
3.1 POLYPHEMUS platform Vautard et al., 2001; Beekmann et al., 2003; Derognat et al.,

2003; Deguillaume et al., 2007, 2008), and on several oc-
The POLYPHEMUS air-quality modeling platefornht{p: casions to simulate particulate matter levels over the region
llcerea.enpc.fr/polyphemyis used with the CTM model Po-  (e.g. Bessagnet et al., 2005; Hodzic et al., 2005; Sciare et al.,
lair3D, the gaseous chemistry scheme Regional Atmospheri2010). The initial gas phase chemistry only model has been
Chemistry Model (RACM, Stockwell et al., 1997), and the described by Schmidt et al. (2001) and Vautard et al. (2001),
aerosol model SIREAM-AEC (Kim et al., 2011a; Debry et the aerosol modules by Bessagnet et al. (2004, 2008).
al., 2007; Pun et al., 2002). Polyphemus/Polair3D has al- The aerosol module includes primary organic (POA) and
ready been used for many applications at the continentablack carbon (BC), other unspecified primary anthropogenic
scale (Sartelet et al., 2007a, 2008; Roustan et al., 2010particulate matter (PM) emissions, wind-blown dust, sea
Kim et al.,, 2011b), at the urban/regional scale (Tombettesalt, secondary inorganics (sulfate, nitrate and ammonium)
and Sportisse, 2007; Sartelet et al., 2007b; Tombette et alas well as secondary organic aerosols (SOA) from anthro-
2008; Roustan et al., 2011). Three nested simulations arpogenic and biogenic origin, and particulate water. A
performed here: Europe, France and Greater Paris. Theectional size distribution over 8 size bins, geometrically
horizontal domain is (35-70N; 15° W-35 E) with a reso-  spaced from 40nm to 10 um in physical diameter, is cho-
lution of 0.5° x 0.5° over Europe, (41-5N; 5° W-10 E) sen. The thermodynamic partitioning of the inorganic mix-
with a resolution of QI° x 0.1° over France and (47.9— ture (i.e. sulfate, nitrate, and ammonium) is computed us-
50.° N; 1.22 W-3.5 E) with a resolution of ®2° x 0.02° ing the ISORROPIA model (Nenes et al., 1988p://nenes.
over Greater Paris. Over Europe, the horizontal resolutioreas.gatech.edu/ISORROB]|Avhich predicts also the water
is the same as in Sartelet et al. (2007a), while it is finercontent. SOA formation of anthropogenic and biogenic ori-
than in Tombette and Sportisse (2007) over Greater Parisgin is predicted by the Pun et al. (2006) scheme, with adap-
0.02 against 0.0%. Results of the simulation over Paris are tations described in Bessagnet et al. (2008). The dynami-
used for the comparison to lidar data. In all simulations, cal processes influencing aerosol growth such as nucleation,
9 vertical levels are considered from the ground to 12 km:coagulation and absorption of semi-volatile species are in-
Om, 40m, 120 m, 300 m, 800 m, 1500 m, 2400 m, 3500 m,cluded in the model as described in Bessagnet et al. (2004).
6000m and 12000 m. Concerning the land use coveragdn this work, the model is set up on two nested grids:
the Global Land Cover Facility (GLCF2000) map with 23 a continental domain (35-57.8l; 10.5 W-22.53 E) with
categories is used. The meteorological data are obtainefl.5> resolution, and a more refined urban/regional domain
from the 5th Penn State MM5 model (Dudhia, 1993), ver- covering the lle-de-France and neighboring regions (47.45—
sion 3.6, with a horizontal resolution of 36 km and 25 lev- 50.66 N; 0.35 W—4.4T E) with approximately a 3 km hori-
els from the ground to 100 hPa height. Biogenic emissionszontal resolution. Vertical level heights in CHIMERE sim-
are computed as in Simpson et al. (1999). Over Europe andlations are: 40m, 120m, 240m, 460 m, 850 m, 1500 m,
France, the European Monitoring and Evaluation Program2800 m, 5500 m. In both models, density of vertical lev-
(EMEP, http://www.emep.iny expert inventory for 2005 is els is much enhanced in the first km of the atmosphere.
used. Over Greater Paris, anthropogenic emissions are geMeteorological input is provided by Penn State University
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Table 4. Main characteristics of POLYPHEMUS platform and CHIMERE model.

POLYPHEMUS CHIMERE

Number of vertical levels 9 levels from ground to 12000 m: 0, 40, 128,levels up to 5500 m: 40, 120, 250, 480, 850,
300, 800, 1500, 2400, 3500, 6000, 12 000. 1600, 2900, 5500.

Nestings /horizontal resolution

— Europe (35-70N; 15°W-35°E) with — continental domain (35-57%; 10.5 W—
0.5° x 0.5° resolution 22.5 E) with 0.5° x 0.5° resolution

— France (41-52N; 5°W-1C°E) with — regional domain (47.45-50.66!;
0.1° x 0.1° resolution 0.35 W—4.4T E) with 3km resolution

— lle de France (47.9-500N; 1.2° W-
3.5° E) with 0.02° x 0.02° resolution

Boundary conditions Gas: Mozart (climatology) Gas and particles: LMDz (climatology)
Particles: GOCART (2001) LMDZ INCA

Meteorological data MM5 with a horizontal resolution of 36 km an@FS-MM5 with two nested grids at 45km (Eu-
25 vertical levels ropean domain) and 15 km (North-West Europe)

horizontal resolution forced by FNL final analy-
sis data from NCAR

Emission inventories Anthropogenic emissions: Anthropogenic emissions:
Airparif (www.airparif.fy and EMEP fwww. Airparif 2005 (for gases in IdF) EMEP where
emep.inf where Airparif is not available. Airparif is not available.

Biogenic emissions: as in Simpson et al. (1999)BC and OC from Laboratoire d'@ologie
(Junker and Liousse, 2008)

MEGAN for biogenic emission
Emission height of volumic EMEP: Height varying profil which depends onEMEP: Height varying profil which depends on
sources snap categories snap categories
AIRPARIF: Volumic source emission height AIRPARIF: Volumic source emission height
given by the inventory given by the inventory
Inorganic parametrization ISORROPIA (Nenes et al., 1998), bulk equililSORROPIA (Nenes et al., 1998)
rium assumption between gas and particles
SOA formation Mechanistic representation (SuperSorgam, KiRun et al. (2006); Bessagnet et al. (2008)
etal., 2011a, b)
Agueous phase of PM VSRM (Fahey and Pandis, 2001) Seinfeld and Pandis (1997)
Computation of liquid water ISORROPIA ISORROPIA
content
Gaseous chemistry RACM (Stockwell et al., 1997) Melchior2
Heterogeneous reactions be-Jacob (2000) Jacob (2000)
tween gas and aerosol phases with low values for probabilities De Moore et al. (1994)
Aumont et al. (2003)
Coagulation of particles Yes Yes
Size distribution of PM 5 sections between 0.01 pm and 10 um 8 sections between 0.01 pm and 10 pm
Parameterization of the vertical Troen and Mahrt (1986) Troen and Mahrt (1986)

diffusion coefficient

(PSU) National Center for Atmospheric Research (NCAR) horizontal resolution and North-Western Europe with a
MM5 model (Dudhia, 1993) which is run here with two 15km resolution. MM5 is forced by the National Cen-
nested grids covering the European domain with a 45 kmters for Environmental Prediction (NCEP) Global Forecast
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System (GFS) final (FNL) data. Anthropogenic gaseoussouthwest wind direction. The sources of uncertainty linked
and particulate emissions are derived from EMEP an-to the conversion of lidar measurements in extinction coeffi-
nual totals fittp://www.ceip.at/emission-data-webdak#or cient profiles are discussed in Sect. 4.3.

the nested lle-de-France grid, refined emissions are used

as in Sciare et al. (2010), elaborated by the 6 partnergt.2 Method and optical-to-mass relationships

of the EtudeS Multi RgionALes De I'Atmospare (ES-

MERALDA) project (AIRPARIF, AIR NORMAND, ATMO The method to retrieve P{g concentrations from lidar mea-
PICARDIE, ATMO CHAMPAGNE-ARDENNE, ATMO  surements has been first applied to aerosol observed in an un-
NORD PAS-DE-CALAIS and LIG'AIR). Biogenic emis- derground railway station of Paris (Raut et al., 2009a, b). The
sions are calculated from the Model of Emissions of Gasegheoretical relationship between Ri/and aerosol extinction
and Aerosols from Nature (MEGAN) data base (Guenther etcoefficient (ext 3s5) is given as a function of the density of
al., 2006). LMDz-INCA (Laboratoire de Bteorologie Dy-  particlesp, the mean cubic radiu$ and the mean extinction
namique zoom — INteractions avec la Chimie et I&sdso0ls)  cross-sectioley; 355 by (Raut and Chazette, 2009):

monthly mean concentrations are used as boundary condi-

tions for gases and aerosols (Hauglustaine et al., 2004). 4 r3
PMyg=p - 27 - ——— - text355 (1)
Oext, 355
4 Lidar-derived PM 1 concentrations If we only consider a monomodal lognormal accumulation

mode which is sensitive to humidity effect, the cubic modal
4.1 Aerosol extinction coefficient derived from GBML radius can be written as a function of the modal radius radius

measurements rm and geometrical dispersion of the monomodal distribution
o:
The first step before the assessment of the aerosol mass 9
concentration is to derive the aerosol extinction coefficientr3=rr?1-exp(élnz(a)) 2)

from the lidar profiles. Fixed ALS450 Rayleigh-Mie li-
dar profiles from SIRTA (Site Instrumental de Recherche a the geometrical dispersion is not affected by humidity, we
par Telecetection Atmospérique) have been averaged over can write Eq. (1) under the following form:

5min around each sun-photometer measurement. The

height-i LR val Table 2 i i
eight-independent LR values (Table 2) are determined usmg,meet:PMlO’dry.

Pwet <”m,wet>3 Oext,355dry ext355wet

a Klett algorithm (Klett, 1985) to invert the mean lidar profile pdry  \ m,dry Oext355wet Cext355dry
and a dichotomous approach on LR values converging until f‘?&‘;) RH) ?’_’
the difference between lidar and AERONET sun-photometer ! ’ /£, (RH)
AOD at 355nm is below 16° (Chazette, 2003). Note that 3)

in most of the MD the PBL was well-mixed so that the as-
sumption of a constant lidar ratio throughout the PBL does f, is the aerosol mass growth factor given bya¢teél, 1976):
not lead to a bias in the retrieval of the aerosol extinction

coefficient profile. The mean day-to-day values (with their » (RH) = gu(max(RH, RHrer)) @)
variability) are reported on Table 2. The mean LR during gu(RHref)
the campaign is-49 sr with a high variability of~18 sr. On 1tu-1=

1, 2 and 16 July 2009, an additionapdRaman lidar (NRL) with g, (x) = 1+ L2 4. 2
was operational and LR has been derived within the mixed PH0 17X

!ayel’ independently of the Sunphotometer measurements aﬁhereu is the aerosol mass increase CoeﬁiciMndezo
in Royer et al. (2011). Values of 54.4, 56.1 and 34.9 sr havehe density of dry particle (1.7 gcm) and water vapor
been retrieved for those three days, respectively. The NRL{1 g cnm3) and RHe the reference RH value which as been
derived mean LR is in good agreement with that retrievediaken to 55 % (Randriamiarisoa et al., 2006). The mean day-
from the synergy between GBML and sunphotometer with ato_day values of: computed with ISOROPIA in the PBL
discrepancy of-5sr. _ (and the variability along the track) are reported in Table 2.
The range-corrected backscatter signals from the 10 MDNote that for 1 and 2 July 2009 with continental air masses
involving the mobile lidar have been inverted into extinc- gdvected from Northeast and East, ihealues ¢ = 0.23 and

tion coefficient profiles using a Klett algorithm (Klett, 1985) ,, =0.21, respectively) are close to that found by Randriami-
with the mean integrated LR values determined as describegrisoa et al. (2006)(= 0.23) under similar conditions.

above (See values in Table 2) On 15, 21 and 29 July 2009, fs is the aerosol size growth factoraHeL 1976)
when cloudy conditions prevented from retrieving LR val-

ues using the sunphotometers, a LR of 34.4 sr has been used 1—max(RH,RHrep) \ ~°
corresponding to the value of 28 July 2009 obtained with /¢ (RH) =< 1— RHyer )

®)
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Table 5. Slope of the regression analysiSgf, single scattering
albedo {9, 355 and Angstdm exponentd) values used for the cal-
culation of the specific extinction cross-section at 355 sy g55)
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Raut and Chazette (2009) have determined different values
of Co, wo 355 a andsext3ss for dust, urban, peri-urban, ru-
ral aerosol types (see Table 5). A relationship for urban type

for urban, peri-urban and rural aerosol types. The uncertainties or@erosol has been determined from in-situ measurements in

the specific extinction cross-sections are also indicated.

the center of Paris during ESQUIF (Chazette et al., 2005)
and LISAIR (Raut and Chazette, 2007) campaigns, respec-
tively in 1999 and 2005. Peri-urban situations have been

Aerosol Co w0355 4 sext3s5 ~ Uncertainty identified during ParisFog in 2007 (Elias et al., 2009) and

type @m? (M?g™)  Onsext3ss during ESQUIF in 1999. They correspond to measurements
Urban 0.981 0.89 2.07 4.5 12% directly influenced by urban sources, but taken outside ur-
Peri-urban  0.821 093 215 5.9 12% ban centers. Rural conditions influenced by pollution in

Rural 0386 091 136 7.1 26% the Paris area have been encountered during the MEAUVE
Dust - 094 ~0.8 11 26%

with ¢ the Hanel size growth coefficient andu are linked
by the following relationship:

0 maxRH,RHrer) \ 1/3

1—max(RH,RHref) \ ¢ _ 1+ pr,0 M T-maxRH,RHre)
1—RHret B Rbhet

_p ., RHref
1+ U T RHer

PHL0

(6)

fy is the aerosol scattering growth factorg(iel, 1976):

1—max(RH, RHref) ) v

= (e,

(7)

with y the Hanel scattering growth coefficient. Randriami-

arisoa et al. (2006) reported valuesjofoetween 1.04 and

1.35 in a suburban area south of Paris. In this study we use

a mean value of 2+0.15.
An empirical optical-to-mass
PMzo,dry concentrations in PBL and dry extinction coeffi-

cient aext3s5dry has been established from nephelometer

relationship between

campaign in 2001 (Lavigne et al., 2005). Concerning dust
aerosols it has not been possible to determine statistical re-
lationships due to the lack of dust events reaching the sur-
face at Paris. A dust specific cross-section has been deter-
mined using a theoretical relationship given in Eq. (1) (Raut
and Chazette, 2009) assuming a mean density (2G5
mean cubic radius (@3x 10~3 un?®) and a mean extinction
cross-section (@2 x 10-1%¢cn?). For the comparisons with
AIRPARIF and CTMs simulations, the urban parametriza-
tion will be used for lidar observations inside the pollution
plume in the inner suburbs of Paris, the peri-urban relation-
ship for measurements outside the pollution plume in the
inner suburbs and measurements inside the plume far from
Paris. A rural relationship will be applied for observations
far from Paris center outside the pollution plume. A combi-
nation of dust and pollution aerosol specific extinction cross-
sections is used on 15 July 2009 where a mixing of dust and

ollution aerosols is observed. The different sources of un-
Eertainties on the retrieval of P)dfrom lidar measurements
are discussed in the following section.

4.3 Uncertainties on PMjg

and TEOM in-situ measurements (Raut and Chazette, 2009)ihe retrieval of PMo from lidar measurements is affected by

uncertainties: on the determination of extinction coefficient

—a
PM1o,dry=Co - 0,355 (;%2) lext 355 dry (8) profiles, on the gpec_ific extinction cross-sections at 355 nm,
on the assumption linked to the aerosol type (urban, peri-
1/Sext 355 urban, rural or dust), and on hygroscopic effect on aerosols

due to RH.

where sex3s5 is the specific extinction cross-section at | jdar measurements are inverted into extinction coeffi-
355 nm,wo 355 is the single-scattering albedo at 355 nm and gient profiles using a Klett algorithm with the mean LR value
a the Angstdm exponent between 450 and 700 nm which isi, Taple 2. Considering an uncertainty of 0.02 (Holben et al.,
assumed to be the same as the Arigatexponent between 1998) on the AOD sun-photometer constraint, the total rela-
355 and 700nmCy is the slope of regression analysis be- tjye uncertainty on the extinction coefficient profile is 21 %,
tween the nephelometer scattering coefficients at 700 nm ang3 o5, and 8 % for a mean AOD of 0.1, 0.2 and 0.5 at 355 nm,
the TEOM PMo measurements performed simultaneously respectively (Royer et al., 2011). These calculations take into
during several campaigns in Paris and its suburbs. account (1) the uncertainty on the a priori knowledge of the
By combining Egs. (3) and (8) we can derive a wetfdM vertical profile of the molecular backscatter coefficient as de-
concentration withrext 355wet Measured from lidar: termined from ancillary data, (2) the uncertainty of the lidar
signal in the altitude range used for the normalization, (3) the
statistical fluctuations in the measured signal, associated with
random detection processes and (4) the uncertainty on the
AOD sun-photometer constraint. One has also to consider

700

PMz1owet = Co- 0,355 (ﬁ)

‘Qext 355wet

~ fuRH)- fe (RH)®
fy (RH)

9)
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the uncertainty in the extinction coefficient due to the evolu- The mean expected uncertainty on lidar integrated ¢Sl

tion of LR values along the track. To assess this uncertainty21 % with peri-urban and urban and 31 % with rural and dust

we have considered the day-to-day variability of the LR re-relationships. With peri-urban and urban relationships, the

trieved from fixed lidar measurements which is compriseduncertainties on the specific extinction cross-section, on the

between 4% and 23 %. An uncertainty of 5%, 10 %, 15 %, hygroscopic effect, on lidar/sun-photometer coupling, and on

20% and 25 % leads to an uncertainty of 2.5 %, 5.5 %, 9 %the evolution of LR along the track account for 36 %, 17 %,

11 % and 14 % on extinction coefficient profiles. 34 % and 13 % of total uncertainty. With rural and dust rela-
Uncertainties in the specific extinction cross-sections havdionships the corresponding values are 71 %, 8%, 15% and

been assessed as 12 % (resp. 26 %) for urban and peri-urb&?b, respectively.

(resp. dust and rural) relationships taking into account uncer-

tainties onCo, wo 355 anda (Raut and Chazette, 2009). 4.4 Comparison between GBML-derived PMo and
Only uncertainties linked to the measurements are quan-  AIRPARIF measurements

tified here. Concerning the aerosol type assumption, uncer- h h ial distributi f
tainties are linked to the empirical optical-to-mass relation-19Ures 3 and 5 show the spatial distributions of wet;gM

ship, which assumes a particular chemical composition andt ~220 M a.g.I. (where the lidar overlap function reaches 1)

granulometry for each aerosol type. Taking a peri-urban reon 1 (3a), 15 (3b), 16 (5a) and 26 (5b) July 2009. Lidar-

lationship instead of an urban (resp. rural) relationship leag$l€rived and AIRPARIF ground-based kivare shown in the
to an underestimation (resp. overestimation) ofgidon-  '€ft column. Winds at-250m a.g.l. used in POLYPHEMUS
centration of 30 % (resp. 20 %). and CHIMERE simulations are also indicated with black ar-

The influence of hygroscopicity has been neglected for thd ©"VS to highlight the direction of the pollution plume for each

comparisons with AIRPARIF dry PM,qry (Sect. 4.4) since

RH values observed (see Table 2) during the 10 MD stay Comparisons between lidar and AIRPARIF jvhave
below 55 % at 200 m height. The liquid water content of par- been expressed for each relationship (urban, peri-urban and

ticles computed from ISOROPIA (Nenes et al., 1998) using"!ral) in terms of Root Mean Square Error (RMSE) and Mean
the particulate composition of POLYPHEMUS (see Sect. 4)APsolute Percentage Error (MAPE) given by the following
along the lidar trajectories indicates that water represents iFquations:

average 25.5% on 1 July, 20.4 % on 2 July, 14.4% on 4 July, J

n

1
=2 (PMyg™-PM]9? (10)
i=1

6.7% on 15 July, 12.7% on 16 July, 12.3% on 20 July, RMSE=
12.7% on 21 July, 5.4 % on 26 July, 11.3% on 28 July and

10.0% on 29 July of dry modeled Rlyiconcentrations. For

the comparisons of wet integrated Rdyithe uncertainty on 100N [PMyoMod—PMEe

RH has been assessed to 11% in the PBL by comparisoMAPE: n < < (PMlomod+PMlm§S) (11)
1= R — S,

between MM5 and Trappes radiosoundings, the uncertainty 2

onu has been evaluated with the day-to-day variability: of

along the track and the uncertainty gnhas been taken to wheren is the number of observations and, Eﬁﬁ and
0.15. The uncertainty on each parameter has been assesseM’> are the modeled and measured fgMrespectively.
with a Monte Carlo approach by varying one parameter af-RMSE and MAPE are both summarized in Table 6. Only
ter the other and keeping the other constant. The differenAIRPARIF stations located at less than 10 km from GBML
sources of uncertainty are supposed to be independent so thate considered for the comparisons. Any corrections of hu-
the uncertainty on hygroscopic effect is computed by takingmidity effect at 200 m height, lidar wet Pj¢ have been di-
the square root of the quadratic sum of each source of uncerectly compared with dry PM concentrations measured by
tainty. AIRPARIF without any correction of the humidity effect.

The expected uncertainties on Pdviat 200 m (Table 6) The 1 July 2009 (Fig. 3a) is characterized by high sur-
and wet integrated PM (Table 7) have been computed for face temperatures (up to 3G) and anticyclonic conditions.
each MD considering the mean AOD, the variability of LR, Lidar measurements are performed leeward inside the pol-
the uncertainty ory andu, the uncertainty on the specific lution plume in the southwest of Paris from Saclay (lati-
extinction cross-section and on RH values. Foriglon-  tude 48.73N; longitude 2.17E) to Chateaudun (latitude
centrations at 200 m the uncertainty ranges from 16 to 23 %18.1° N; longitude 1.34E) between 12:48 and 15:58LT. It
(resp. 28 to 33 %) with a mean value of 19% (resp. 30 %)is the most polluted day of the campaign with high levels
for peri-urban and urban (resp. rural and dust) relationshipsof PMyq, on the average 42 16 ugnt2 obtained with the
The uncertainty on the specific extinction cross-section, orperi-urban relationship at 210 m height along the GBML van-
lidar/sun-photometer coupling and on the evolution of LR circuit and between 40 and 80 pgfhmeasured by AIR-
along the track represent 44% (resp. 77 %), 40% (respPARIF background stations. Only peri-urban and rural re-
16 %) and 16 % (resp. 7 %) of total uncertainty for peri-urban lationships have to be considered for this MD as measure-
and urban (resp. rural and dust) relationships, respectivelyments have been realized far from the sources inside and
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Table 6. Root Mean-Square Errors (RMSE) and Mean Absolute Percentage Error (MAPE) gi d@ldulated for each MD between
GBML/POLYPHEMUS, GBML/CHIMERE, GBML/AIRPARIF, POLYPHEMUS/AIRPARIF and CHIMERE/AIRPARIF at ground level

and ~250m height. The comparisons with GBML measurements have been made with rural, peri-urban and urban relationships. The
expected uncertainties on GBML-derived Pdvhave also been computed for rural, peri-urban and urban relationships taking into account
AOD observed during each MD. Note that for 15 July a mixing of dust and peri-urban relationships has been used in lidar inversion.

Optical- Mean wet PM o+ variability Root Mean Square Errorin pgTﬁ (and Mean Absolute Percentage Expected
Day to-mass (ngn3) Error in %) uncer-
relation-ships Ground level ~250m tainty
on lidar
Lidar POLY-PHEMUS CHIMERE AIRPARIF/Lidar AIRPARIF/ AIRPARIF/ Lidar/ Lidar/ PMqg
POLY- CHIMERE POLYPHEMUS CHIMERE (%)
PHEMUS
Urban 5414207 18.1 (30.4 %) 12.9(19.3%)  25.2(45.7%) 16%

01 Peri-urban 4D+16.1 455+163 328+100 3.2(5.6%) 14.3 (26.6%) 14.5(29.5%) 8.2 (13.4%) 13.2(24.2%) 16%
Rural 3394130 8.8 (16.0 %) 13.7(29.8%)  7.2(16.7%) 28%
Urban 602+7.1 19.6 (38.3%) 28.9(60.4%)  29.1(61.3%) 19%

02 Peri-urban 4@B+55 325436 318440 7.0 (14.4%) 16.4 (42.5%) 12.5(26.8%) 15.9(38.7%) 15.9(38.4%) 19%
Rural 378+4.4 6.1 (11.6 %) 8.0 (20.0%) 7.6(19.5%) 30%
Urban 245+2.1 6.5 (29.2 %) 12.9(69.8%)  11.5(595%) 19%

04 Peri-urban 1D+1.6 11.9+27 139+5.3 1.0 (4.7 %) 7.8(48.6%) 7.6(41.6%) 7.6(47.1%) 7.0 (41.5%) 19%
Rural 154+1.3 3.1(17.2%) 4.3(29.2%) 51(27.6%) 30%
Urban 255+2.4 4.3 (10.5%) 9.3 (42.6 %) 7.6(320%) -

15 Peri-urban 25+2.1 16.5+0.8 184+1.1 5.8 (18.3 %) 7.8(27.8%) 6.7 (22.2%) 6.4(30.7%) 4.8 (20.3%) -
Rural 205+1.9 7.3 (25.4%) 4.5 (21.8%) 3.1(132%) -
Urban 236+3.4 6.9 (26.0 %) 4.0 (13.0%) 9.8(46.3%) 17%

16 Peri-urban 1+2.7 227422 147+2.4 10.8 (44.3%) 3.3(11.2%) 9.6(29.7%) 5.4 (22.2%) 5.1 (24.9 %) 17%
Rural 148+2.2 13.6 (64.0 %) 8.4 (42.1%) 3.2(15.7%) 28%
Urban 160+1.6 2.6 (12.2%) 2.6 (10.9 %) 46(31.5%) 18%

20  Peri-urban 12412 17.442.1 116+1.3 4.7(28.4%) 1.3(54%) 4.6(28.4%) 5.4(33.2%) 16(11.0%) 18%
Rural 100+1.0 6.9 (48.9 %) 7.6 (53.6 %) 2.0(16.1%) 29%
Urban 269+3.6 11.7 (26.5 %) 7.1(25.9%) 74(262%) -

21  Peri-urban 20+28 207+1.8 208+35 16.9 (50.5%) 15.5(40.1%) 15.6 (43.2%) 2.8 (10.8%) 39(149%) -
Rural 169+2.3 20.6 (69.8 %) 4.5 (21.9%) 54(235%) -
Urban 171+1.3 2.6 (15.1%) 9.0 (71.2 %) 8.4(65.7%) 23%

26 Peri-urban 13+1.0 81+1.1 88+1.9 1.8 (10.2%) 6.6 (51.4%) 4.5(35.0%) 5.2(48.3%) 4.7 (42.4%) 23%
Rural 107+0.8 4.3. (31.2%) 2.7 (27.9%) 23(23.6%) 33%
Urban 167+2.0 6.7 (35.8%) 4.4 (25.8%) 6.2(40.5%) 19%

28  Peri-urban 19+15 131+26 1124+1.7 8.2(43.7%) 59(29.8%) 5.2(27.5%) 2.4(15.8%) 2.9(20.1%) 19%
Rural 105+1.2 9.8 (55.0 %) 3.5(23.1%) 2.2(15.8%) 30%
Urban 207425 9.1 (27.7%) 9.6 (59.4 %) 9.9(61.9%) -

) 12.6 (40.4 %)

29  Peri-urban 16420 113418 110+16 12.4 (41.9%) 13.3 (44.2%) 5.0 (35.7 %) 52(384%) -
Rural 130+16 15.4(60.1%) 20(155%)  22(17.4%) -
Urban 285+4.7 8.8 (25.2 %) 10.1(39.8%)  11.9(47.1%) 19%

mean Peri-urban 22437 200+35 175+33 7.2(26.0%) 9.1(325%) 9.4(32.8%) 6.4(29.6%) 6.4(27.6%) 19%
Rural 184+3.0 9.6 (39.9%) 5.9 (28.5%) 4.0(189%) 30%

outside the pollution plume. The highest values of GBML- We can notice the lower concentrations observed near Saclay
derived PM (70-90 pg nm for peri-urban relationship) are at 16:00 LT than at 13:00 LT (58 compared with 87 ugim
observed at the beginning of the track, in agreement withwith the peri-urban relationship, Fig. 4a and 4c). This is
the values measured at 13h LT by AIRPARIF at Issy-les-probably explained by the increase of the PBL height from
Moulineaux (66 ug m3) and La Defense (78 pug mP) in the 1.2 up to 1.8 km leading to a dilution of pollutants. Note that
southwest of Paris. The decrease of §Ntom the center the increase observed at the top of the PBL is due to a hy-
of Paris to its suburb is clearly visible on both AIRPARIF groscopic effect, indeed RH from MM5 model increases up
and GBML profiles. GBML-derived PM, decreases down to 70% at~1.2km and to 70 % at 2km from ATR-42 mea-
to 50 pug nm3 with peri-urban relationship near Bois Herpin surements near Chateaudur~&t7:00 (LT). A strong ther-
(47 ug nT3 measured by AIRPARIF at 14:00LT) and down mic convection occurring in the well developed convective
to 20 pg nT2 near Chateaudun with the rural parametrization. mixing layer observed during this day can explain the good
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Table 7. Comparisons of wet integrated Riylbetween the ground level and 1 km a.g.l. from GBML, POLYPHEMUS and CHIMERE.

D Optical-to- Mean wet integrated PM+ variability Root Mean Square Error on wet integrated Expected

& mass relation- in mgm—2 PMjygin mgm2 (and Mean Absolute Percent-  uncertainty
ships age Error in %) on lidar inte-

- - - grated
Lidar POLYPHEMUS CHIMERE Lidar/ Lidar/ PMy0 (%)
POLYPHEMUS CHIMERE
Urban 472+213 12.4 (22.4 %) 25.0 (42.4 %) 18%

01 Peri-urban 37+16.6 497+133 287+6.0 15.5(36.9%) 14.6 (27.9 %) 18%
Rural 296+134 21.2 (55.7%) 9.1 (26.7 %) 30%
Urban 520+9.5 17.9 (37.0%) 22.9 (52.8%) 21%

02 Peri-urban A00+7.4 37.7+37 308+41 9.3(17.3%) 11.8 (31.0%) 21%
Rural 326+5.9 9.1 (17.4%) 6.1 (15.8 %) 31%
Urban 180+2.9 6.5 (36.9 %) 6.5 (38.2%) 22%

04  Peri-urban 1D+2.2 124427 132449 3.5(20.1%) 4.4 (21.8%) 22%
Rural 113+18 3.1(19.4%) 4.8 (23.4%) 32%
Urban 199+2.1 4.5 (22.1%) 4.2 (19.2%) -

15 Peri-urban 16+19 15.94+0.7 165+0.8 2.5(12.1%) 2.4 (11.4%) -
Rural 160+1.7 1.7 (8.3%) 2.1 (10.5%) -
Urban 191+34 4.7 (19.1%) 6.7 (33.2%) 18%

16 Peri-urban 18+2.6 220420 137+19 7.8(39.6%) 3.5(17.8%) 18%
Rural 120+2.1 10.4 (59.5 %) 3.4(21.1%) 30%
Urban 116+1.3 8.5 (49.9%) 1.7 (12.9%) 22%

20  Peri-urban P+1.0 195+3.1 109+1.3 10.1(75.3%) 2.4 (20.0%) 22%
Rural 73+0.8 12.6 (90.3%) 3.9 (39.7 %) 32%
Urban 207+3.6 3.5(13.7%) 4.4 (17.9%) -

21 Peri-urban 161+2.8 212417 194433 5.9(28.9%) 5.0 (23.0%) —
Rural 130+2.2 8.6 (49.0%) 7.3 (39.7 %) -
Urban 132+1.3 5.2 (48.2%) 5.2 (49.6 %) 24%

26  Peri-urban 1B+1.0 81+1.2 81418 2.3(24.2%) 2.4 (26.0%) 24%
Rural 83+0.8 0.9 (7.2%) 1.2 (11.0%) 33%
Urban 12.31.9 2.3(14.9%) 2.9 (19.5%) 19%

28 Peri-urban B+15 129+23 1054+1.4 4.0(30.2%) 2.2 (17.1%) 19%
Rural 77+1.2 5.6 (49.6 %) 3.3(31.7%) 30%
Urban 168+2.2 5.9 (40.9%) 7.0 (51.1%) -

29 Peri-urban 13+1.7 11.2+1.6 1004+15 2.3(16.8%) 3.3(27.1%) —
Rural 106+1.4 1.2 (8.2%) 1.1 (8.6 %) -
Urban 231+5.0 7.1 (30.5 %) 8.9 (33.7%) 21%

mean Peri-urban 12439 211+32 162427 6.3(30.1%) 5.2 (22.3%) 21%
Rural 148+3.1 7.4 (36.5%) 4.2 (22.8%) 31%

correlation observed between Ryt ground and 210 m lev- gest that dust aerosols have been mixed into the PBL and
els. For this MD, RMSE (MAPE) between GBML and AIR- have reached the surface. At the same time the Palaiseau sun-
PARIF data is 3.2 and 8.8 ugm (5.6 and 16 %) using peri- photometer has measured a slight increase of AOD at 355 nm
urban and rural relationships. from 0.16 to 0.19. This increase is used to assess the propor-
On 15 July 2009, dust aerosol layers were observedion of dust and pollution extinction specific cross-sections
by the lidar measurements as confirmed by the Dust Reat 355 nm. Figures 3b and 6b show the Spatial and temporal
gional Atmospheric Model (DREAMAhttp://www.bsc.es/ €volution of PMo at 210 m along the track. For this MD,
projects/earthscience/DREAMand the low Angstim ex- lidar measurements have mainly been performed under ur-
ponent close to 0.5 measured by the Palaiseau AERONEPan and peri-urban conditions. If we only consider pollution
sun-photometer. The increase between 08:00 and 09:00 L#erosols within the PBL, PM are underestimated compared
of background PN and the decrease from 55 % to 35 % of With AIRPARIF by 10.8 and 14.2 ugnt (MAPE of 47.3%
PM, 5/PM ratio reported by the AIRPARIF network sug- and 70.2 %) with the urban and peri-urban parametrizations,
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Fig. 3. Spatial distributions of wet PhM at 12:00 (UT) on 1(a) and 15(b) July derived from lidar measurements with the peri-urban
relationship at 210 m height (left column) and simulated at 12:00 (UT) with the POLYPHEMUS model at 210 m height (central column) and
the CHIMERE model at 250 m height (right column). Black arrows representing the wir@%@ m height used in POLYPHEMUS and
CHIMERE simulations are shown on the central and right panels. Dryg”iMm AIRPARIF ground-based network are indicated by filled
symbols at 13:00 (up triangles), 14:00 (diamonds), 15:00 (rounds), 16:00 (squares), 17:00 (right triangles), 18:00 LT (pentagrams) in the left
column. Note that for 15 July a mixing of dust and peri-urban relationships has been used in lidar inversion.

respectively. Considering a contribution of 54 % of dust parison indicates the presence of a mixed aerosol for this
aerosols in the total PN, no underestimation is observed day. On that day, the mean Rpobserved by GBML is
and the RMSE is 4.3 and 5.8 ugth(10.5 and 18.3%) with  25.54+2.4 ug n1 3 (resp. 225+2.1 pg n13) with urban (resp.
urban and peri-urban relationships. Indeed, this better comperi-urban) relationships.
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L S —pr— LA [mrrrm—" b —Lidar urban Défense, Issy-les-Moulineaux, Vitry-sur-Seine and Lognes
+:'g§§:'xaas" ‘*:::;gzma; .f *;'(;’E;:;'E':zasn AIRPARI_F stations) and a §Iight increase to 18—20 pgm
2 |~ cHimere 2] | —chmere R —chmere leeward mlthe north of Paris (Gonesse and Bobigny AIR-
, PARIF stations).

It is noteworthy that PNy measured at Bobigny and
Gonesse AIRPARIF stations is particularly high compared
with GBLM retrievals especially for southwest wind direc-
tions (15, 21, 28 and 29 July). These stations may be in-
fluenced by local emissions from Le Bourget airport located
4-5km in the southwest of Gonesse and from industrial ac-
tivities (railway activities) located 0.5-3 km in the southwest

0 0 g of Bobigny. If we exclude these stations, the RMSE between
(®) :Miocosr:]centra::’:n(pg.:nsg) (b) gMiocon::mtatlon(t‘;.m") (c) :M10conz:mlation1;‘;.m'3) GBML Wltg] a perl_urban and AIRPARIF decreases from 5.8
to 3pug N3 on 15 July, from 16.9 to 11.0 ugm on 21 July
Fig. 4. Vertical profiles of PMg concentrations on 1 July at the and from 8.2 to 3.7 ug i+ on 28 July.
beginning of the van track near Sacl@), at Chateaudu(b) and Considering the 10 MD with all AIRPARIF stations,
at the end near Saclgg). Data have been averaged over 20 lidar the mean total RMSE between GBML-derived Rjvand
profiles: the mean profile is represented by the solid line and theA|RPARIF measurements are 7.2ugfand 8.8 ugm?
variability by the shaded area. Lidar mgasurementg below the altiyyith peri-urban and urban relationships (where most of the
tude of full overlap are not represented in these profiles. comparisons have been realized) and the mean MAPE are
26 % and 25.2 % for mean values of.22 3.7 and 285+
4.7ugm 3, respectively (Table 6). If we exclude Bobigny

On 16 July 2009 (Fig. 5a) GBML measurements are per-and Gonesse stations, the RMSE (and MAPE) decrease to
formed in the north of Paris from Saclay (latitude 48.RK3 5.9 ug 3 (24.6 %) for GBML with a peri-urban relation-
Iongitude 2.17 E) to Amiens (Iatitude 49.8N; Iongitude sh|p and 7.8 ug r'n3 (235 %) for GBML with a urban rela-
2.29 E) between 13:00 to 16:30LT. According to criteria tionship. These discrepancies are in good agreement with
detailed in Sect. 4.2, the urban relationship is Considerec{he expected uncertainty of 19% Computed for urban and
for comparison with AIRPARIF stations located inside the peri_urban re|ati0nships (See Table 6) Two additional fac-
pollution plume (La &fense, Issy-les-Moulineaux and Gen- tors have to be taken into account: (1) uncertainties in®®M
nevilliers), peri-urban relationship is considered for mea-measured by TEOM instruments (between 15 and 20 %,
surements far from Paris inside the pollution plume (nearsee Sect. 2.1.2) and (2) the possible decorrelation between
Beauvais) and rural relationship for measurements outsidground level and PN values at 210 m a.g.l. Note that sig-
the pollution plume near Amiens. Moderate levels of pollu- nificant variations in the aerosol optical signature have been
tions (25-35ugm?) are observed at Issy-les-Moulineaux, previously observed around Paris by Chazette et al. (2005)
La Défense and Gennevilliers AIRPARIF stations located and Raut and Chazette (2009) within the first hundred me-
in the north and the west of Paris, in agreement withters above the surface. Thus, differences between lidar de-
GBML-derived PMg (22—25 ug m for the urban relation-  rived PMo concentrations and AIRPARIF observations are
ship). GBML-derived PMo progressively decreases to reach clearly within the range of expected errors.

10 pg 13 for the rural relationship near Amiens. Only AIR-
PARIF urban stations under the pollution plume have been
compared with lidar measurements. The RMSE (MAPE)5 Comparison with chemistry-transport models

is 6.9 ug nT3 (26 %) with the urban relationship for a mean

value of PMo between 18.4 and 23.6 pgtfor GBML with CTMs compute concentrations of pollutants at predefined
a peri-urban and a urban relationship, respectively. vertical heights. Wet Php at height levels computed by

. . . the CTM have been compared to GBML-derived RMAt
On 26 July 2009 a circular lidar-van travelling pattern ” , i )
. } ] . each GBML position and each CTM's vertical height, wet
was realized from 1440 to 17:30LT at a distance be_PM calculated by the CTM are interpolated horizontall
tween 15 and 30km from Paris center (Fig. 5b). Urban. . +° y P y

relationship must be considered in the North-Northeast ofand temporally. We present here comparisons at ground and

Paris inside the pollution plume (for the comparisons with ~200m a.g.l. The integrated content of ierived from

Gonesse AIRPARIF stations) and peri-urban relationship forbOth lidar measurements and modeling are also compared to

the other stations. With these criteria RMSE is 1.7 igm reflect the lidar information within PBL.
and MAPE is 9.4%. Low levels of pollution have been

observed (GBML-derived PM mean values between 13.3

and 17.1 pug m3 with peri-urban and urban parametrizations)

with background concentration around 13-14 pgnfLa

o
o

Altitude (km)
Altitude (km)

0.5 0.5
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Fig. 5. Same as Fig. 3 on 1@&) and 26(b) July.

5.1 Comparison between lidar and modeling within the

low PBL

Figures 3 and 5 show the spatial distribution of wet gt

26 22

26

2.4 24
longitude (°) longitude (%)

PMjo modeled along the track with POLYPHEMUS (dark
blue) and CHIMERE (light blue) CTMs. Dry PM at the

ground level from AIRPARIF and the lowest model layer of
POLYPHEMUS and CHIMERE are also indicated by black,

~200m a.g.l. modeled by POLYPHEMUS and CHIMERE dark blue and light blue filled symbols, respectively.
CTMs (central and right panels, respectively) on 1, 15, 16

and 26 July 2009 at 12:00 (UT). On Fig. 6 lidar wet RV

Most of the comparisons between lidar and models have

measurements estimated with rural (green), peri-urban (orbeen realized far from Paris inside the pollution plume or
ange) and urban (red) relationships are compared with wetlose to Paris outside the pollution plume. We thus consider
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Fig. 6. Comparison for the 1a), 15 (b), 16 (c) and 26(d) July of wet PM,g derived from GBML using urban (red curves), peri-urban
(orange) and rural relationships (green) at 210 m height, and weg BiMracted from POLYPHEMUS model at 210 m height (in dark blue)
and CHIMERE model at 250 m height (in light blue). AIPARIF dry RPdvare indicated by black symbols for the nearest stations (located
at less than 10 km from GBML) and dry RMmodeled at the lowest level are indicated with dark blue (for POLYPHEMUS) and light blue
(for CHIMERE) filled symbols. Note that for the 15 July a mixing of dust and pollution relationships has been used in lidar inversion.
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peri-urban parametrization for these comparisons. WetgPM dust aerosol on that day (31 %), because dust aerosols are
derived from GBML using a peri-urban relationship and probably advected from south of Europe and the boundary
models have shown the following error statistics in termsconditions used for the European simulation are climatolog-
of RMSE (MAPE) for POLYPHEMUS and CHIMERE (Ta- ical (they are not specific to July 2009). If we consider all
ble 6): 8.2 (13.4%) and 13.2 ugm (24.2 %) on 1 July, 6.4 MD, the RMSE (MAPE) between GBML with peri-urban re-
(30.7%) and 4.8 ug m® (20.3%) on 15 July, 5.4 (22.2%) lationship and models P} are 6.4 (29.6 %) and 6.4 ug

and 5.1 pgm?® (24.9%) on 16 July and 5.2 (48.3%) and (27.6 %) for POLYPHEMUS and CHIMERE, respectively.
4.7 ug T3 (42.4%) on 26 July 2009. Note that on 15 July, As shown by the mean values for the 10 MD of 22.4, 20.0
the contribution of dust aerosol in the total PMs foundto  and 17.5 ugm3 for GBML with a peri-urban relationship,
be 54.2% (12.2 ug ?) with the GBML with a peri-urban  POLYPHEMUS and CHIMERE models, respectively, both
relationship, which is in good agreement with CHIMERE models under-estimate the wet PMoncentrations.

(54 %). POLYPHEMUS under-estimates the contribution of

Atmos. Chem. Phys., 11, 107083726 2011 www.atmos-chem-phys.net/11/10705/2011/
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Fig. 7. Comparison for 1(a) and 15 July 2009b) of wet integrated Pl (between the ground and 1km a.g.l.) derived from GBML
using urban (red curves), peri-urban (orange) and rural relationships (green), and modeled with POLYPHEMUS plateform (in dark blue) and
CHIMERE model (in light blue). The shaded areas on lidar integrategg?®present the uncertainty on hygroscopic effect.

5.2 Comparison between AIRPARIF ground-based MUS and CHIMERE, respectively. The RMSE (and

measurements and modeling MAPE) are 6.3mgm? (30.1%) and 5.2 mgm? (22.3 %)
with POLYPHEMUS and CHIMERE when comparing

Dry PMyy at the ground level from POLYPHEMUS with lidar-peri-urban parametrization. The POLYPHEMUS

and CHIMERE CTMs show a systematic underestimationmodel overestimates integrated Rjvby ~3 mg m2 and

(means of 20.6 and 21.4 ugth respectively) compared to CHIMERE model underestimates by 2 mgn

AIRPARIF measurements (27.9ug®. RMSE (MAPE)

are 9.1 (32.5%) for POLYPHEMUS and 9.4pgim 5.4 Comparison to previous studies

(32.8%) for CHIMERE. If AIRPARIF stations in Bo- - . N

bigny and Gonesse are not considered, these values droyle statistical results obtained in this study have been com-

to 7.9 ug 3 (29.2%) for POLYPHEMUS and 8.7 g™ ared to previous regional scale model/measurements com-
(32 '9%) for CHIMERE ' parison studies at the regional scale.

Hodzic et al. (2004) performed a comparison of lidar
backscatter signals measured at SIRTA at 600 m a.g.l. dur-
ing 40 mornings (between 08:00 and 11:00UT) between
October 2002 and April 2003 with the ones derived from
CHIMERE simulations. Note that their approach is alter-
native to our’s, in the sense that lidar observables are di-

CHIMERE models. The top of the PBL has been deliber- rectly calculated within the model. The relative bias was

ately excluded from the analysis to avoid an increase of RH_25% and the relative RMSE was 38 %. The model under-
y y estimation was attributed to an underestimation of SOA and

and the presence of CIO.UdS n this part of the atmosphere; ineral dust, the latter not being included in the standard
The results are summarized in Table 7 and two examples o?n

. . . o un. These figures are in the range of values obtained in the
temporal evolution of integrated Pilylare given in Fig. 7 for 9 9

. i i 0
the 1 (7a) and 15 July 2009 (7b). For the lidar measuremenEresent study for the CHIMERE model: relative bia23 %

. . (—5.2ug nm3) and relative RMSE of 33 % when comparing
the shaded areas represent the uncertainty on hygroscopic Shith lidar with peri-urban relationship. Hodzic et al. (2005)
fect considering the uncertainty any and RH values. The . :

. . . performed a detailed comparison of CHIMERE model simu-
results are very similar to what is observed when comparmgf

PMjo concentrations a¢200 m. All comparisons (see exam ations with AIRPARIF measurements. In summer (April to
10 . - . .
ple in Fig. 7) of wet integrated Pig show the same kind of September) 2003, the Ryldaily mean levels are fairly well

. . . predicted, for the ensemble of urban, peri-urban and rural
evplutlon than the one of P)d concentration at 200 m height background sites, bias was low-2.5 ugnt3), and MAPE
(Fig. 6). was 27 %.

Mean integrated Phg are 18.2, 21.1 and 16.2mgth

for GBML with the peri-urban relationship, POLYPHE-

5.3 Comparison between lidar and models in term of
integrated PM1g

Wet integrated PNbh has been computed between the
ground level and 1km a.g.l. for lidar, POLYPHEMUS and

www.atmos-chem-phys.net/11/10705/2011/ Atmos. Chem. Phys., 11, 100155-2011
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Tombette and Sportisse (2007) simulatedigbbncentra-  their study. They found that the modeled Mtoncentra-
tions over Paris between 1 May 2001 and 30 September 2008ons are most sensitive to the parameterization used for ver-
with the POLYPHEMUS system. The comparison of RM tical turbulent diffusion, and to the number of vertical levels
concentrations to AIRPARIF measurements gave similar reused. Depending on the chemical components of Ftud-
sults to this study (RMSE of 9.5 ugmd and MAPE 32%). ied, the concentrations are also sensitive to boundary condi-
Roustan et al. (2011) simulated also RMconcentrations tions, heterogeneous reactions at the surface of particles, the
over Paris for the year 2005 with the POLYPHEMUS sys- modeling of aqueous chemistry and gas/particle mass trans-
tem. The comparison to AIRPARIF measurements led to aer, and deposition for large particles.
similar RMSE (9.8 ugm?) as here and as in Tombette and  Beyond this general model error analysis, it is interesting
Sportisse (2007). However, Rilconcentrations are over- to try to analyze reasons for actually occurred errors. Differ-
estimated in their study, probably because the measuremerices between simulations and observations may be decom-
network for PMg did not until 2005 measure a large fraction posed into two factors: (1) the background f\ver the
of semi-volatile PM. domain and (2) the additional build-up from Paris agglom-

The difficulties to accurately model the semi-volatile frac- eration. For 26 July, background Rpsimulated by both
tion of PMyo at the urban/regional scale is shown by the models is lower than the lidar derived one even when using
study of Sartelet et al. (2007b). They compared modeledhe rural relationship (which gives the lowest values). On the
inorganic components of PM (main part of PMg within contrary, the superimposed Rppeak due to Paris emissions
urban area) to measurements over Tokyo for high-pollutionis well simulated (Fig. 6d).
episodes. Using the normalized mean bias facByveF)
and the normalized mean absolute error facENnaec) @s  5.5.1 Influence of transport and boundary conditions
statistical indicators, they found that sulfate is well modeled
with | Bnmer| < 25% andEnmaec < 35 %, as suggested as For 16 July, the Paris pollution plume is heading to north
a criterion of model performance by Yu et al. (2006) for sul- north-west as confirmed for example by N@easurements
fate. However, for inorganic semi-volatile components, suchon the French Safire ATR-42 aircraft (A. Colomb, personal
as ammonium and nitrate, the model performance was lowecommunication, 2011). However, in CHIMERE simulations,
with Enmaec < 60 %. the wind is heading to North-north-east, causing a direction

Finally, observations made during the HOVERT campaignshift in the plume. On the contrary, in 1 July, spatial gra-
(HOrizontal and VERtical Transport of 0zone and particulatedients, in particular the shift from large values within and
matter) in the Berlin agglomeration between September 200hear the agglomeration to much lower ones about 100 km
and 2002 were compared to REM3-CALGRID simulations. downwind, are qualitatively well depicted by both models.
Relative RMSE differences between observed and simulateds said above and depicted in Fig. 3a, for this day continen-
urban background PM was typically around 50 % (Beek- tal transport from North-East was important and resulted in
mann et al., 2007). large PM values transported to lle de France, while for the

As a conclusion of these different studies, statistical modelother days, air masses were mainly of maritime origin and
to observation comparison results presented in this studynuch cleaner. This example illustrates that both uncertain-
seem in the same order or better than those in previous uties in background Ph, in the position of the plume and in
ban/regional scale studies. Before 2007, the AIRPARIF meaits strength, can affect the Rliylconcentrations.
surement network did not measure a large fraction of semi-
volatile PM, underestimating PM concentrations. This 5.5.2 Influence of vertical mixing and turbulent
underestimation may explain why modeled RMoncen- diffusion
trations over Paris were not systematically under-estimated
compared to measurements in studies made for years befofén 1 July, the low boundary layer height until midday con-
2005 (e.g. Roustan et al., 2011), stressing the importanc#ibuted to the high concentrations observed. Both models
of an accurate representation of secondary aerosols in botfépresent well the decrease of jMoncentrations at Saclay

models and measurements. between 13:00 LT and 16:00 LT, correlated with an increase
of the PBL height from 1.2 to 1.8 km. While the Fig. 4 does

5.5 Factors influencing the PMo modeled not show a systematic bias between the simulated and ob-
concentrations served boundary layer height (for the example of 1 July), itil-

lustrates that limited vertical model resolution leads to much
In order to understand which parameterizations/factors insmoother vertical Pl profiles than those deduced from li-
fluence the most the aerosols and gas-phase species concelar, where a sharp transition between the convective bound-
trations, Roustan et al. (2010) performed a sensitivity studyary layer and free troposphere occurs. This discussion makes
over Europe with the POLYPHEMUS system for 2001, by evident the strength of this lidar derived data set for model
changing one input data set or one parameterization at onevaluation, because it depicts both horizontal gradients be-
time. They did not include the sensitivity to emissions in tween the agglomeration, the plume, and background values,
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and vertical gradients between layers affected by pollutionaerosols concentration in the atmospheric contrary to in-situ
sources and not. ground-based measurements. The use of;&RBman li-

dar, measuring extinction-to-backscatter profiles during both

5.5.3 Influence of chemical modeling of semi-volatile daytime and nighttime and in presence of high clouds, could
components significantly improve the retrieval of P}j from a ground-

based lidar. The comparisons between lidar-derived °M
Aerosol Mass Spectrometer (AMS) and soot measurementg;iiy peri-urban relationship and CTMs within the low PBL

during the MEGAPOLI summer campaign at the Golf j5ve shown a RMSE (MAPE) of 6.4 (29.6 %) and 6.4 igm
site/Livry Gargan at the north-eastern edge of the agglom(27_6 %) for POLYPHEMUS and CHIMERE models, re-
eration made evident that secondary aerosol (inorganic andpectively. These differences are partly due to an underes-
organic) made up on the average about two thirds of PMmation of wet PMg as revealed by the mean values for the
aerosol (J. Schneider, personal communication, 2011), thugg pmp of 22.4,20.0 and 17.5 pgTA for GBML with a peri-
obviously secondary formation processes are important fo{; pan relationship, POLYPHEMUS and CHIMERE models,
peri-urban aerosol and even more in the plume. Furthermor%spectively. Similar differences have been computed for
the formation of secondary organic aerosol in the urban areg,q integrated PN within the PBL (RMSE of 6.3 mg m?
and plume is likely to be under-estimated, as made evidenfgoll %) and 5.2mg m? (22.3 %) for POLYPHEMUS and
in Sciare et al. (2010) for the CHIMERE model for an urban -4 MERE models, respectively). When comparing dry
Paris site. o PMyo at ground level from AIRPARIF ground-based mea-
From this error analysis, it becomes clear, that model tog;rements to CTMs simulation RMSE (MAPE) is 9.1 ugim
observation differences (on the average about 30 %) can be i(32_5 %) with POLYPHEMUS and 9.4 ug A (32.8 %) with
general explained by the combined measurement uncertaincy\MERE. The discrepancies observed between models and
ties (15-30 %) and the minimal simulation uncertainty pre- measured Py can be explained by difficulties to accurately
sented in Roustan et al. (2010) (30 % in summer and 20 %y, de| background conditions, represent model transport (po-
in winter). This simulation uncertainty also explains dif- gjtions and strengths of the plume), limited vertical model
ferences between the CHIMERE and POLYPHEMUS sim-e5o|ytions and chemical modeling such as the formation of
ulations. For both models, particular choices of physico-secondary aerosols. On the whole, model to observation di-
chemical schemes, parameterisations, numerical set-ups afgrences are coherent with the error budgets of both observa-

input data have been made, according to Table 4, and conjgns and simulations and are of the same order of magnitude
sequently result in model to model differences which are co-,5p comparisons realized in previous studies.

herent with the model uncertainties given above. This is one of the first papers presenting results of the

MEGAPOLI Paris campaigns. Forthcoming papers will
6 Conclusion present more detailed results about the comparison of lidar-
derived PMg measurements with aircraft observations and
Ten intensive observation periods (MD) were performed withabout model evaluation with chemically resolved aerosol
ground-based mobile Rayleigh-Mie lidar (GBML) around measurements.
Paris during the MEGAPOLI summer campaign. Aerosol
extinction profiles have been converted into mass concenAcknowledgementsThe research leading to these results has
trations (PMg) profiles using optical-to-mass relationships received funding from the European Union’s Seventh Framework
(urban, peri-urban, rural and dust) previously established’ro9ramme FP/2007-2011 under grant agreement no. 212520.
for the Paris area. This set of comparisons makes evidenfS Work has been supported by the CommissatidEnergie
horizontal and vertical PM gradients in air masses within /tomigue (CEA). The authors would like to thank AIRPARIF and
. . . . ERONET network for collecting and providing data around Paris
a_nd OUtS'd_e the Paris agglomeration pol_lutlon F"“me and ahnd SIRTA site for providing ALS450 Rayleigh-Mie lidar data
different distances from the_agglomeratlon. Lidar derived geq in this study. CHIMERE modelling results have been obtained
PMyp levels are compared with CHIMERE and POLYPHE- nder Ph-D grant funding by CIFRE (ANRT) attributed to ARIA
MUS chemistry-transport models (CTMs) simulations and Technologies and LISA.
AIPARIF network ground-based measurements. These com-
parisons have highlighted a very good agreement betweeRdited by: A. Baklanov
GBML and measurements from the AIRPARIF network with
a RMSE (MAPE) of 7.2ugm? (26.0%) and 8.8 ug m?
(25.2 %) for peri-urban and urban parametrizations (wher
most of the comparisons have been realized). This value
is close to the expected uncertainty of this method. For
each MD the pollution plume has been sampled and can b
clearly identified from GBML measurements. Lidar mea-
surements give informations on the vertical repartition of The publication of this article is financed by CNRS-INSU.
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