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Abstract. The”Etudeet Simulationde la QUalité de l'air

en lle de France” (ESQUIF) projectis the first integrated
project dedicatedto the study of the processedeadingto
air pollution events over the Paris area. The project was
carriedout over two years(summerl998to winter 2000)to
documentall typesof meteorologicakonditionsfavourable
to air quality degradationandin particularto photooxydant
formation. The goals of ESQUIF are (i) to improve our
understandingof the relevant chemical and dynamical
processesnd, in turn, improve their parameterizationgn

numericalmodels,and (ii) to improve andvalidateexisting
models dedicatedto pollution analysis, scenariosand/or
forecasting,by establishinga comprehensie and thorough
databaseln this paper we presentthe rationaleof the ES-
QUIF projectandwe describethe experimentalset-up.We
alsoreporton thefirst experimentswhich took placeduring
the summerof 1998 involving surface networks, remote
sensinginstrumentsas well as several aircraft. Focusing
on threedaysof August1998,the relative contributions of

long-rangetransportedand locally-producedozoneto the
elevated ozone concentrationbsened during this period
are discussedand chemistry-transporimodel preliminary
resultson this periodarecomparedo measurements.

Key words. Field experiment, urban pollution, ozone
episodeaircraftmeasurements

1 Rationale and objectivesof the ESQUIF project

As in mary big cities throughoutthe world, pollution levels

in the Paris areadue to concentratedctivity have become
a major healthissue.Currentpredictive capabilitiesmustbe

* Presentaddress:Laboratoirede MéteorologieDynamique,In-
stitut PS. Laplace,Ecole Polytechnique 91128 PalaiseauCede,
France
Sendoffprint requestdo: MenutL.

improvedto enablepolicy makersto reachbalancediecisions
onemissiorreductionstrat@ies.Thisrequiresathoroughun-

derstandingf the processeandfactorsaffectingthe forma-

tion of pollutantsandtheir concentrations.

Air quality over Parisis continuouslysurweyedby a ded-
icated surface network carrying out measurementsf criti-
cal pollutantconcentrationgAIRPARIF). However, surface
measurementare not sufficient to fully understandhe pol-
lutants dynamicsand chemistry Also, unlike cities as Los
Angeles(McElroy, 1993), Athens(Ziomas,1998), Mexico-
City (Doran et al, 1998) where the local dynamical pro-
cessesaredominantdueto mountainbarriers,andland-sea
breezeregimes,the Paris agglomeratiorhasa ratherflat to-
pographyand is thus also strongly influencedby synoptic
andlocal-scalemeteorologicatonditions.Moreover, photo-
chemicalpollution in this areais actually both due to pho-
tooxydantbuild-up from local emissionsandto large-scale
transportof ozone(asstudiedover Bostonduring the North
Atlantic Regional Experiment,Fast and Berkowitz, 1996)
formed over other areasof Europe.The determinationof
their respectie role, as well as several other scientific is-
sues,requiresa specific researchproject where numerical
modeling and measurementampaignsare simultaneously
performed.During the last decade several campaignshave
beencarriedout to study photochemicapollution at the re-
gionalscale POLLUMET (Pollution and Meteorology)was
carried out in Switzerland(1992-1994)and illustrated the
influenceof the Milan ozoneplume (Prévét et al., 1997).
BERLIOZ (Berlin Ozone)(Volz-Thomaset al., 2000; Rap-
pengluecket al., 2000) was designedto study the chemi-
cal reactionstaking placein the plume of the city of Berlin
(1998).LOOP-PIRAPO (Limitation of oxidantsproduction)
focussedon chemicalregimesin the Po valley, over Milan
(Neftel, 1999).

ESQUIF (“Etudeet Simulationde la QUalité de l'air en
lle de France”,a Frenchacrorym for “Air quality studyand
modelingover the Paris area”) is sucha researchnitiative.
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It is thefirst importantprojectdedicatedo the studyof pol-

lution in this area.The particularinterestof the Paris area
stemsfrom its geographicakituation: It is a large city lo-

catedfar from otherpopulatedareasby about200 km. It is

thereforein principle easiethanfor othereuropeartitiesto

distinguishthe air masseshagedwith locally-emittedpol-

lutantsfrom thosechagedwith pollutantsemittedin remote
areas.This shouldallow oneto distinguishbetweenerrors
comingfrom boundaryconditionsand from modelparame-
terizationgin regionalmodelsimulations Anothergeograph-
ical interestof the Paris areais its low topographywhich in

the absenceof local forcing makesthe modelingof the ac-

cumulation/dispersiof pollutantsmore complex (Lossec,
1992; Dupontet al., 1999). More specifically the ESQUIF

projectfocusen severalresearclissuesthemostimportant
oneslistedhere:

e Thethermodynamicsf theboundarjayerin andarounda
big city: Themainquestionsare(a) therole of thevertical
structureof the boundarylayer and the turbulent mixing
processeduringpollution episodesand(b) whethemrmod-
els areableto simulatethe air flow, its vertical structure
andthe surfacefluxesencounterediuring low dispersion
episodesand,if not, how to improve the variousparame-
terizationsusedwithin the models,

e The photochemistryof pollutants:the focus hereis es-
sentially on processesnodifying the radiative fluxesand
therebyphotolysisrates(clouds,aerosolstotal ozonecol-
umn),

e The transportof pollutants at the interface of the ur-
ban/rgionalandthecontinentakcalewewill evaluatethe
concentratiorf ozoneandits precursordothattheinflow
boundarie®f thedomainandin thecity plume,

e The physical and chemicalevolution of urbanand sub-
urban aerosolsand their representationin air quality
chemistry-transpornodels.

Theseresearchissuesaim at giving some answersfor
the following environmentalissues:(i) The origin of ozone
episodesn the Parisarea,includingthe determinatiorof the
relative role of local emissionsandlarge-scaldransport i)
The influenceof the city areaon neighbouringregions, in-
cluding the study of the pollutantsin the plume,their aging
andthe horizontalandvertical extentof this plume, (iii) The
determinationof the photochemicategimes(NO,, or VOC
limited) and their spatial distribution, and (iv) The evalua-
tion of existing emissioninventoriesusingmeasurementac-
quiredduringthe campaign.

Theprojecthasbeeninitiatedjointly by thelnstitut Pierre
SimonLaplace(IPSL)andthelLaboratoirelnter-universitaire
desSysemesAtmospleriquegLISA), andthe partnershipgs
extendedo the Laboratoired’A érologie the ForschungzZen-
trum of Julich, AIRPARIF (the local air-quality monitoring
network) and Méteo-France(seeTable 1). The project ex-
tendedovertwo years(July 1998- January2000).

The measurementampaignstartedduring the summer
of 1998, and ending during the winter of 1999-2000:Ten
episodesof 1-5 days were documenteddenotedhereafter
the ESQUIF 10Ps, (Intensive Obsenation Periods).These
IOP days were selectedon the basisof weatherforecasts
favourableto degradatiorof air quality. Table2 liststhemain

Table 2. Overviav of theten |OPs of ESQUIF from 1998to 2000.
The’airmass’ is specifiedn order to ched its continentalor mar

itim origin (with ’st. for stegnation). Ts,,y and Oz correspond
to maximalsurfacetempeature and ozoneconcentations, respec-
tively, observedover the Paris city during the diurnal day Some
additional remarksare displayedon the meanmeteoological con-
ditionsobservedver eat wholelOP.

I0P Dates Airmass Remarks
(wholelOP)
1 25/07/1998 Continental  Mostly cloudyby
26/07/1998 1-2daysst. mediumandhigh clouds
stagnation nowind
2 6/08/1998 Continental  Clearsky
7/08/1998 2-4daysst. Hot temperature
8/08/1998 Light winds
9/08/1998
10/08/1998
11/08/1998
12/08/1998
3 16/06/1999 Continental  Overcastfter12UT.
17/06/1999 3-4daysst. Wind (NE) < 3m/s
4 25/06/1999 Continental  Clearsky
26/06/1999 3-4daysst. Wind (E) ~ 5m/s
5 1/07/1999 Maritime Clearsky
2/07/1999 wind (SE)= 4 m/s
6 16/07/1999 Maritime Clearsky
17/07/1999 thenstagnant
18/07/1999
7 24/07/1999 Continental  Parisplumetracking
25/07/1999 2-3daysst. in Brittany. Windy
8 28/07/1999 Continental  Light wind
29/07/1999 3-4daysst. <2m/s
30/07/1999
31/07/1999
9 07/10/1999 Continental  Anticyclonic situation
08/10/1999 2-3daysst. NO—NO-
experiment
10 26/01/2000 Continental  High NO, concentrations

27/01/2000
28/01/2000

Plumeto Westof Paris

characteristicof the meteorologicakituationsencountered
duringtheselOPs.

Following the ESQUIF objecties,thecampaigrincluded
aircraftandground-basetheasurement¥ariousflight plans
weredefinedflightsto documenspatialozonedistributionin
loopsaroundthecity atvariousdistancedrom thecenterthe
“city plume”flightsto follow theurbanplume,the“chemical
regimes” flights occuringat constantiatitude over the Paris
areaandthe“regular” flights performedo obtaina climatol-
ogy of long-livedtracegasspeciesaroundthe Parisarea.

Thepapeiis organizedasfollows:in Section2, we present
the main definedexperimentsand the experimentalstratey
designedo addresghe scientificgoalsin the frameawork of
ESQUIF. Theinstrumentaket-upis alsobriefly discussedin
Section3, the modelsto be usedin the framework of ES-
QUIF are briefly describedSection4 is devotedto the de-
scription of the meteorologicatonditionsand experimental
set-upduringthetwo IOP’s performedduringthe summerof
1998andto reporton resultsobtainedduringthe secondOP.
Chemistry-transportmodel resultsare presentedand com-
paredto measurementis Section5. In Section6 we discuss
the perspectiesof furtherwork within the ESQUIF project.
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Table 1. List of institutesand peopleinvolvedin the ESQUIF experiment.

Institute, acronym and affiliation

Peoplesnvolvedin ESQUIF (in alphabeticalorder)

AIRPARIF (Parisianpollution network)

E.Gilibert,D.Gombert

Laboratoire Inter-Universitaire des Sysemes Atmo-
sptérigues(LISA) - Univ. ParisXIll IPSL/CNRS

S.Alfaro,
B.ChatenetA.Dutot, A.Gaudichet,L. Gomes,C.JambertM.Maille,

B.Aumont, G.Beigametti, C.Boissard, F.Brocheton,

T.Marion, F.Millard, PPerrosG.Toupance

Laboratoire des Sciences du Climat et de
I'Environnement(LSCE) - Commissariata I' énepie
atomique/IPSLSaclay

B.BonsangP.BousquetH.Cachier P.ChamaretP.ChazetteP.Ciais,A.
FoucrasD.Martin, P. Moral, C.Morfopoulos D.PicardM.RamonetR.
SardaM.Touaty P. Vaillant, C. Valant

Laboratoire de Méteorologie Dynamique (LMD) -
IPSL/CNRS-Paris& Palaiseau

H.Chepfer PDelville, PDrobinski,PH.FlamantC.Hono#g, F.Hourdin,
C.Loth,L.Menut,J.Roux,R.Vautard

Méteo-FrancéFrenchWeatherService)

C.Abonnel,

H.Bellec, D.Bernard, R.Caillou, M.Charpentier

G.Duwerneuil, F.Goyon, J.C.Etienne, M.Laurens, M.P.Lefelvre,
B.LossecM.Morera,M.Payen,V.H. PeuchF.Pouesle

Serviced’Aéronomie(SA) IPSL/CNRS- Paris

O.Antivilo, G.Ancellet,M.Beekmann,C.Flamant,P.Genau,G.Mégie,

J.PelonM.Pinharanda).PPommereau

Laboratoired’A érologieCNRS- Toulouse

D.Guedalia,R.Rosset

Forschungszentrumiilich, D-52425Jilich, Germary

D.Kley andMETAIR

2 Overview of the experimental strategy and set-up
2.1 10P organizationandforecast

In orderto trigger IOPs, several modelsand model outputs
were used (seedescriptionbelow). First, we usedweather
forecastsissued at Métto-Franceand comparedthem to
the EuropeanCentrefor Medium-RangeNeatherForecasts
(ECMWF) and National Centersfor Environmental Pre-
diction (NCEP) forecasts When favourableweathercondi-
tions were forecastedand when the forecastbecamestable
(typically 2-3 daysbeforethe experiment),we checled the
chemistry-transpoffbrecastmodelCHIMERE (Menutetal.,
2000). This model is forced either by ECMWF or Météo-
Francemeteorologicalvariables(wind, temperaturehumid-
ity, cloudinessandforecastgollutantfields (ozonein partic-
ular) which wereusedto triggeranlOP. A particularempha-
siswasput on the natureof the episodglocal-scaleor large-
scale).The availability of airplanesandinstrumentavasalso
taken into accountin the designof the experiment(a com-
pletelist of instrumentds displayedin the Table3). Finally,
the IOPswere chosento be meteorologicallyas differentas
possiblein orderto collect a large rangeof situations(e.g.
continentalair, maritime air, hot weather stagnationcondi-
tions).

2.2 Aircraft measuements

Five aircraft(two PiperAZTECs,a MERLIN 1V, the Fokker
27 “ARAT” anda DIMONA) wereusedto loop aroundParis
at various distancesand to collect measurementsf CO,
NO, NO,, O3 andNMV OC’s (Non-Methane/olatile Organic

Compoundspswell asstandardneteorologicaparameters.

The flight plansmay be definedas (1) 'local and regional’
flights (Figurel), (2) 'meso-scaleflights (Figure2), (3) 'ded-
icated’ flights (urbanplume and chemicalregimes)and (4)
the 'regular’ flights, devotedto the CO, climatology, asfol-
lows:

2.2.1 The’local and regional’ flights In orderto studythe
local andregional pollutantsconcentrationgroundthe Paris
agglomerationthreemajorsflight patternsveredesignedas
loopsaroundthecity (Figurel):

¢ ‘Urban’ flights, madeabove the Paris “ring” (limit of the
Paris city) at 500, 1000 and 1500 m AGL, aim at char
acterizingpollutantconcentratiorabove the main sources
(traffic, industry).

¢ ‘Suburban’flights, madeat a distanceof 20 km from the
centerof Paris, were designedo documentthe chemical
compoundgoncentrationsit the borderof theurbanarea.
In addition,theseflights will alsobe usedfor determining
the gradientof concentration®etweerupwindanddown-
wind thecity, in orderto helpevaluatingemissioninvento-
ries.

e The'lle deFrance’flights (from now called’ldF’ flights),
madeat a distanceof 50 km from the centerof Paris,were
alsodesignedo explore the vertical distribution of pollu-
tantsby meansof soundingsat 4 pointsin eachdirection
from the city, andto characterizepollution at rural sites
closeto thecity.

2.2.2 The 'meso-scale’ flights The ‘meso-scale’ flights
(from hereincalled'Meso’ flights) were designedto docu-
mentpollutantconcentratioriields (ozone,in particular)at a
distanceof 150km from the centerof Paris (Figure2). These
flights were performedwith the MERLIN aircraft (Table 4)

and the flights were done from one to two times per IOP
(dependingon the meteorologicalkituation). These’'Meso’

flights, alongwith the ‘IdF’ flights, areto be usedto provide
boundarycounditionsfor regionalair quality models,andto

understandhe transporof pollutantsat the regionalscale.

2.2.3 The 'dedicated’flights The 'dedicated’flights were
designedo provide a databas@n the whole Parisarea(130
x 120 km). Thesedatainclude ozone,nitrogencompounds
(NO, NO,, NO,, HNO3, PAN) andNMHCs (C, - C4) mea-
suredby the ARAT aircraft (Table4) in the boundarylayer
using a regular trajectory (5 legs of 130 km separatedby
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Table 3. Descriptionof the groundmeasuementdeployedduring the ESQJIF experimentsP, T, RH, U, V, ¢ and z designateressue,
tempeature, relative humidity zonaland meridiencomponentsf the wind, specifichumidityand altitude, respectivelyOs, CO, etc...refer
to concentationsfor ozone carbonmonoxydegetc... The (*) and (*) symbolsreferred to the instrumentsn the LSCE*MAS” (for Mobile

Aersol Station)and LISA“MILEA GE” mobilestations respectively

Measurements Instruments Site Measurements

Dynamics Lidar Palaiseau ABL depth,entrainmenzonedepth
Soundings Trappes P.,, T.,RH;,U., V., Q.
Surfacenetwork IdF P2y Tom, RHam, Utom Viom
Sensors Paris,Saclay Tom, RHam
Station Créeteil T20m, RH20m, U20m ,V20m

Aerosol Lidar Palaiseau Aerosolopticaldepth,extinction coeficient
Lidar Paris Aerosolopticaldepth,extinction coeficient
Nephelometer Paris,Saclay Aerosolscatteringcoeficient
Aethalometet Paris,Saclay Surfaceblackcarbonconcentration
Aerosolsamplingline®  Paris,Saclay Chemicalapportionment
Particulecountef Paris,Saclay Aerosolsizedistribution (@: 0 — 3um)
Diffusionbattery Paris,Saclay Aerosolsizedistribution (@: 7nm— 0.2um)
TEOM balancé Paris,Saclay PM1 or PM10Aerosolmassconcentration
J(NG,) Paris NO, photolysisfrequencies
TEOM balance Créeteil PM1 or PM10Aerosolmassconcentration
Cascadmpactor Créteil Aerosolmasssizedistribution (0.03to 10um)

Chemistry SANOA Paris O3, NO,, NO, SO,, VOC's
SAOZ Verrieres (O
Surfacenetwork IdF 03, NO,, NO, SO,, CO,PM;jq
Photometers Paris,Palaiseau OpticalthicknessAngstidm exponent

SaclayCréteil  sizedistribution

Analyzer§L Créeteil O3, NO>, NO, PAN, NMVOC's

30 km). The aim of the chemicalregimesexperimentis to
build a mapof the areasurroundingParis with respecto the
NO, andVOC sensitvity regimesundermeteorologicakit-
uationstypical of high pollutantlevels. Thisis doneusingin-
dicatorspeciegMilford etal., 1994;Sillman, 1995)suchas
0O3/NQ,, O3/NO, andO3/HNO;. Someother ARAT flights
weredesignedo studythe urbanplume:perpendiculaflight
legsto themearwind directionwereperformecdandgave pol-
lutantsgradientsn andaroundthecity plume.

In the samemanney chemicalregimeswill be studied
using the DIMONA flights (Lehning et al, 1998). The DI-
MONA aircraft (seeTable4 for measurementsjircumnavi-
gatedthe city of Paris, well insidethe mixing layer, at a dis-
tanceof about30 km from the city center Designedaccord-
ing to atrifold strateyy, thefirst objective wasto obtainmea-
surementf the VOC/NQO, concentratiorratios at a point
closein time to the emissionsA shortextrapolationto zero
time will be madeusingthe conceptof chemicalage(where
the ChemicalAge (CA) is the time integratedOH concen-
tration from emissionto the time of measurementaccord-
ing to IN(NQ,))/(NO,) = k (OH)dt = k CA, wherek is the
rate coeficient of oxidation of NO, to HNOs.). Here, the
factis usedthat emissionsof the oxidesof nitrogenareto
alarge extentin the form of NO. Photochemica¢quilibrium
betweenNO andNO; is rapidly establishedvithin 1-2 min-
utesandthe consecutie oxidationof NO, to HNO3; by OH
occurswith aknown ratecoeficient. ThenCA canbederived
from the measuredatio of NO, to NO,, concentrationsThe
secondbbjective wasto experimentallydeterminentegrated
NO, andVOC emissionratesover the Paris area. This can
be done,oncethe chemicalagehasbeendeterminedfrom
quasi-continuoublO, andvVOC measurementongthecir-
cumferentiaflight track.As anadditionalparametethe mix-

ing layerheightmustbe known. Thethird objective centered
aroundthe concepbf oxidantO, (O3;+NO,). Frommeasure-
mentsof O, on the circumferenceand using 3D wind field
informations(measurementand model),it will be possible
to derive the oxidant formation rate within the city andits
exportto theregion.

2.2.4 The 'regular’ flights Regional aircraft soundingsin
the vicinity of Orleans(48°N 1°E, 150 km Southof Paris)
have beencarried out since April 1996, and since1999 as
partof the ESQUIF project. The objective of theseflights is
twofold : (1) to establisha climatology of long-lived trace
gasspeciesvhich areradiatively active (CO,, CH,) or inter
venein the oxidyzing capacityof the atmospher¢CO, Non
MethaneHydrocarbons)and(2) to establishboundarycon-
ditions of continental“background”rural concentration®f
CO andNon MethaneHydrocarbongNMHCs) beforetheir
horizontaltransportover the Paris Area. This is especially
importantin the caseof NMHCs which intervenein the for-
mationand destructionof ozonein pollutedair, andcanbe
emittedby vegetatecareautsideof theurbanarea.Thefre-
queng of the regional flights was biweekly and the sound-
ingsweretakenapproximatelyat mid-day betweerbOm and
3000 m. The total flight time was on the order of 4 hours
andthe profileitself took aboutl hour. Pressuregir tempera-
tureandrelative humidity weremeasuredoutinelyalongthe
profile. Pyrex glassflaskswere sampledin pair at 7 differ-
entverticallevels(from 100to 3000m)(France etal., 1996,
Grosetal., 1998, Touaty 1999).

Thetime seriesof COverticalprofilesover Orleanshowvs
a well definedseasonakycle within the free troposphere,
with a maximum of 190 ppb in DecembetJanuaryand a
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Table 4. Descriptionof the flights measuementsleployedduring the ESQUIF experiments.

Compound Detection Detection  Resolution
& aircraft Technique Limit Time (sec)
ARAT INSU

03 UV absorption 1ppb 1
NO Chimiluminescence 20 ppt 30
NO2 UV photolysis+ Chimiluminescence 20ppt 30
NOy Au-CO convertor+ Chimiluminescence 20ppt 60
HNO3 Nylon filter+ Au-CO convertor+ Chimiluminescence 20ppt 60
PAN GasChromatograph¥CD 15ppt 300
co GazIR filter correlation 50 ppt 30
NMVOC's OnboardGaschromatograplfC2 - C4)

Black Carbon Aethalometer 200ng/m3 15
DIMONA

o3 UV absorption 1 ppb 1
NO Converter+ ChimiluminescencéLuminol) 0.5ppb 10
NO2 Chimiluminescencé_uminol) 0.5ppb 10
NOy Converter+ ChimiluminescencéLuminol) 0.5ppb 10
HNO3 Converter+ ChimiluminescencéLuminol) 0.5ppb 10
PAN Converter+ ChimiluminescencéL.uminol) 0.5ppb 10
co IR absorption

NMVOC's In situ GaschromatographyC4 - C10)

MERLINIV Méto-Fance

03 UV absorption 2ppb 7
NO Chimiluminescence 100ppt 30
NOy Mo convertor + Chimiluminescence 150ppt 30
Cco GazIR filter correlation 50 ppt 30
AZTECMéteo-Fance

o3 UV absorption 2 ppb 5
NO Chimiluminescence 1 ppb 50
NOy Mo convertor+ Chimiluminescence 1 ppb 50
Cco GlassCanisterst Gaschromatography

NMVOC's GlassCanisterst Gaschromatography C2- C7)

C02,61%C, 60  Gaschromatography massspectroscop

AZTECCEA-LSCE

03 UV absorption 2 ppb 7
NO2 Luminol Chimiluminescence 100ppt 1
co GazIR filter correlation 75ppb 30
Cco inox flasks+ Gaschromatography

NMVOC's inox flasks+ Gaschromatography C2 - C7)

Black Carbon Aethalometer 200ng/m3 15
CO; pyrex flasks+ IR absorption

CHy pyrex flasks+ Gaschromatography

minimum of 90 ppbin June-July-Augusti-ree-tropospheric
air is representatie of WesternEuropeancontinentalback-
groundair, whereindustrialactiities, heatingandtransporta-
tion emit CO throughoutthe yearwhile CO is destrgyed by
OH radicalsduring the summer Thereis also a well de-
finedseasonatycle within the AtmospheridBoundaryLayer
(ABL), althoughthe variability of local sourcesandof their
mixing within the air columnduring the sameday doesnot
allow the sporadicprofilesto definea real “climatology” of
CO nearthe ground.Large accumulation®f CO (up to 350
ppb)belonv 1000m arediscernablen winter. In summerthe
CO gradientsbetweenthe surfaceandthe tropospherés re-
duced,likely dueto to vigorousmixing anddilution of the
surfacesourcesnto theupperlayers.

2.2.5 Ozoneanalyzer comparisonsBecauseozone is the
key compoundf thecampaigndifferentanalyzersvereused
duringthe ESQUIF experiment.Thus,it wasnecessaryo in-

tercompareandcalibratethemin orderto constructa homo-
geneouslatabaseThe intercomparisorwas performeddur-
ing the watch period on July, 27 1999 (betweenlOP7 and
I0P8). Two kinds of comparison$ave beencarriedout. The
first concernedhe comparisonin a laboratory(LSCE) and
the secondwasanin-flight comparisonLaboratorycompar
isonswere madebetweernthe ' Thermo Electron’ ozoneana-
lyzers(ARAT aircraft,LISA andLSCE/CEAmobilestations,
seeTables3 and4) anda ThermoElectroncalibrator49PS
analyzerIt wasfoundthatthe instrumentshadlessthan5%
calibrationdifference.The in-flight comparison§MERLIN,
Aztec LSCE and Aztec Méteo-France)were performedon
July 29, 1999, at two differentaltitudes(150m and 900m)
whenthe aircraft flew on patrol. The detaileddataare still
beingprocessed.
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Fig. 1. Theflights plansover the Paris area (the city of Paris is lo-
catedat thecenterof themap).Thesymbols;squaes’and’cir cles’,
indicatethe Méteo-FanceandAIRPARIF surfacestations(bottom),
respectivelyTypical flight patternsfor 'Urban’ (bottom),’Sukur-
ban’ (top and bottom),’IdF’ (top and bottom) and 'meso’ (top)
flightsare givenbytheinner solidline, dottedline anddashedines.
The city namesindicate locationsof the main IOPs measuements
ontheregional Figure (bottom).

2.3 Ground-baseaneasuements

2.3.1 Network measuementsThe AIRPARIF air quality
network consistsf morethan70automaticstationgperform-
ing continuoussurfacemeasurementsf Oz, NO, NO,, SG;,
COandPM; concentrationgdenotedassmallcirclesin Fig-
urel atthreetypesof locations:urban-pollutedurbanback-
groundandrural.). TheMéteo-Franceneteorologicasurface
network performshourly measurementsf temperaturetel-
ative humidity andpressurghPa) at 2 m above groundlevel
(AGL), alongwith thewind speedanddirectionat10m AGL
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Fig. 2. A typical meso-scaldlight pattern. As on the Figure 1, the
city of Paris is at the centerof the map. Valuesdisplayedon the
Figure indicate ozonemeasuementgppb) performedoy the MER-
LIN aircraft on the 9A98 (0451-0826UTC, 900m).Black vectos
indicate the wind speedand direction along the flight trajectory
andgray vectos indicatethewind field modelledwith the ARPEGE

model.

(smallsquare®ntheFigurel). As afirst step thosemeasure-
mentsareusedfor modelvalidation(seeSection5).

2.3.2 Chemicaland aerosols measuementsin addition to
aircraft and air quality network measurementsseveral
ground-baseéhstrumentsvereoperatedduringthe ESQUIF
I0Ps,andfor someof them,duringthewhole summer

In the centerof Paris, high frequeny (2Hz) measure-
mentsof Oz, NO, NO,, SO,, HNO3; and Volatile Organic
CompoundgVOC’s) concentrationsveremaderoutinely by
a differential optical absorptionspectrometeioperatingin
the visible andthe ultra-violet range(the “SANOA” instru-
ment,frenchacrorym for 'Systemed’ANalyse par Obsena-
tion Active’). At the samelocation, measurementsf NO-
photolysisrateswere performedfrom a ING, radiometerin
addition, measurementwere performedfrom the “Mobile
AerosolStation”instrumentedran(MAS, in Table3) in order
to characterizeghe urbanaerosols.The equipmentincluded
samplinglines for total aerosoland carbonaceouserosol
massconcentrationsa JNO, radiometeran aethalometera
nephelometeacondensationucleuscounterandPMs, 5 and
PM;, devices.This vanwasusedat seseralplace,depending
ontheexperimentfor example,in thePariscity centerduring
thelOP6andin SaclayduringthelOP7 (in conjunctionwith
the aerosolmeasurementgserformedwith the ARAT aircraft
duringtheseperiods) During theentiresummerof 1999,two
multi-spectraphotometergHolbenetal., 1998)wereusedo
measureerosokpectrapropertiesover ParisandSaclay As
aerosoloptical propertiesaredirectly dependenon their age
andprimarysourcesdifferencedetweerthe spectradepen-
deng andthe Angstidom exponentenableoneto characterize
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the aerosolregional transport.For example,during IOP7,in
which Saclaywasunderthe Parisplume,urbanaerosolsvere
comparedwith rural ones.Around noon, the urbanoptical
thicknesswastwice aslargeastherural one,while attheend
of the day; optical thicknesswas comparableFor this case,
we hypothesizahat the urbanaerosol,mainly generatedy
cartraffic (black carbonand organiccarbon),was adwected
over Saclay

In the sulurb of Paris,integratedozonecontentwasmea-
suredin Verrieres(20 km, southwestof Paris) by a spec-
trometeroperatingin the visible andthe ultra-violet (SAOZ,
french acrorym for “Systteme d’Analyse par Obsenation
Zénithale”) twice a day, at dusk and dawn. This integrated
ozonecolumnis an importantinput parametefor an exact
calculationof J(G.”) photolysisfrequencieswith radiative
transfermodels.In addition, aerosolssize distributions and
composition(aswell astheir optical propertieswerecharac-
terizedin Saclay(25 km, southwesbf Paris) usinga neph-
elometeranaethalometeanda condensatiomuclei counter
aswell astotal aerosofilters andblack carborfilters.

2.3.3 Badkscatterlidar measuements Two upward-looking
backscattelidarsoperatingat a wavelengthof 0.53 um were
deployedin thecenterof Parisandin Palaiseay25km south-
westof Paris). Thelidar wasintendedto documentsomeof
thekey parameterselevantto (i) the ABL dynamicsj.e.,the
ABL depthand entrainmentzonedepth, (i) radiatve bud-
geti.e, optical depth,and (iii) oxidation/productiorof pho-
tochemicakpeciesi.e., extinction coeficient profiles(which
arerelevantto the actualphotolysisrate),with a verticalres-
olution of 30 m. In addition,a pyranometeanda pyrgeome-
ter (for measurementsf infraredandlongwave radiations) a
sonicanemomete(turbulence),and pressurehumidity and
temperaturemeasurementsvere performedsimultaneously
to lidar measurementat Palaiseauln addition, a differen-
tial absorptioridar (ALTO, acrorym for “Airborne Lidar for
TropospheridOzone”, Ancellet and Ravetta, 1998) was op-
eratedduringthe IOPsof summerl999at the Palaiseatsite
in orderto continuouslyrecordthetropospheri@zoneprofile
upto 5 km height.

2.3.4 SoundingsThe vertical thermodynamicastructureof
the atmospherén the Paris areawas documentedy means
of soundinggerformedby Méteo-Francen Trappeq25km
southwesbf Paris). Temperaturerelative humidity, pressure
andwind speedanddirectionsoundingsveremeasuredwice
daily at 0000and1200UTC. During somelOPs,additional
soundingswere performedevery threehoursat the Trappes
site. Fromtemperaturespecifichumidity andwind measure-
ments Richardsomumberandpotentialtemperaturerofiles
canbe obtainedwhich arethenusedto computethe diurnal
evolution of the depthof the ABL. The ABL depthcycle can

in turn becomparedo thatderivedfrom lidar measurements.

3 Overview of numerical models
3.1 Meteoplogical models

Two meso-scalenodels, MERCURE (Soufland, 1985)and
Meso-NH(Laforeetal., 1998)will beusedto performsimu-
lations of the meteorologicatonditionson domainsranging
from 100x 100km? to 500x 500km?, centeredbn Paris.Hor-
izontalandverticalresolutionamaybeadaptfrom 1 to 10km
and from 10 to 50m, respectiely. Thesemodelshave al-
readybeenusedfor simulatingtheair flow over Paris(Menut
et al., 1999aand Tulet et al., 1999 for Mercureand Meso-
NH, respectiely). Realisticmeteorologicaboundarycondi-
tions for thesemeso-scalenodelswill be provided by the
ECMWF and ARPEGE (Méteo-France)analysesln addi-
tion, a zoomedversionof the Laboratoirede Méteorologie
Dynamique(LMD) generakirculationmodel(LMDz, Hour
din and Armengaud,1998) was also used (Hourdin et al,
2000). The size of the grid cell characterizingParis in this
modelis 50x50 km?. Thegrid sizeincreasesway from the
centerof thedomain,andthemodelusesECMWFfor bound-
ary conditions.

3.2 Chemistry-Tansportmodels

The meteorologicafields provided by the modelsdecribed
in the previous sectionwill be usedas inputsto the mod-

els presentechere.At the local scale,the urbanCHIMERE

model (Vautardet al., 1999; Menut et al., 2000) was used
asa forecast(Vautardet al., 2000) and analysistool. It is a

morerealisticadaptatiorof thebox modelapproactproposed
by Jin and Demerjian(1993) to the Paris area.lt usesthe

MELCHIOR chemicaimechanisnof BeekmanrandLattuati

(2000). At the meso-scalethe modelsusedwill be Meso-
NHC (Tuletetal., 1999),A3;UR (Jaecler-Voirol etal., 1998)
andPOLLUTO, whicharecoupledto meteorologicamodels
Meso-NH,MERCURE and ECMWF datarespectiely. The

chemicalmechanismivioCA (Aumontetal., 1997)of A3UR

hasalreadybeentestedover Paris.

In addition,modifiedversionsof CHIMERE, with anEu-
lerian grid, are currently being developed:namelya meso-
scale version to perform simulationson a 150x150 km?
domain around Paris with a horizontal resolution from 6
to 10km and a continental version over western Europe,
with a 1/2 degreeresolution.modelingresultspresentedn
this paperhave beenperformedwith the meso-scalehem-
istry transportmodel (CTM) POLLUTO. POLLUTO, is a
three-dimensionathemistry-transportnodel using a carte-
sianmesh.The domainis definedin orderto have the city
of Paris (the mosturbanizedarea)at the centerof the hori-
zontalmeshandis composef 15x9x 6 nodesin the x-y-z
directions respectiely. The modelis forcedby the ECMWF
first guesseg6-hourforecasts) Thesemeteorologicafields
arere-interpolateaver the studieddomainin time (onehour
frequeng) andspacgwith anhorizontalresolutionof 10 km
andrangingfrom 0 to 2700m vertically). To accounfor ther
modynamigrocesseOLLUTO requiresmasdluxes,tem-
peraturedensity specifichumidity andcloudinesgfor chem-
istry) asinputs.At eachgrid point, turbulenceparameteriza-
tions areusedin orderto retrieve vertical turbulent diffusiv-
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Table 5. Overviev of the meteoological conditionsover Paris and
maximumsurfaceozoneconcentationsin representativdocations
during the IOP 2. The badkground and plume concentations are
from the AIRPARIF stationsin Montge en Goele and Rambouil-
let, respectivelyThetimeswere the maximunof ozoneoccued are
givenin parentheses.

Day 7A98 8A98 9A98
Meteoblogical conditionsover Paris
Wind direction(from) N-E E StoE

wind speecat10m (ms~!) 1.4 1.3 1.8
MaximumABL depth(m) 800 2300 2800
Temp.at2m (°C) - low 16.5(05) 17.5(06) 18.7(05)
Temp.at2m (°C) - high 31.0(16) 35.3(16) 35.0(15)

Ozoneconcentations(ppb)overthelle de France(IdF)

Paris 60 (16) 85(12) 95(16)
55 (16)

Urbanplume 125(16) 90(12) 120(16)
85(16)

Background 55(15) 70(12) 90(16)
55 (16)

Productiorby Paris 70 20-30 30

ity profiles,surfacefriction velocity for dry deposition(We-
sely, 1989). The gas-phasehemistrymechanisms MoCA
andthe adjoint part of the whole modelis developped,and
currentlyusedfor sensitvity analysisseeMenutetal., 2000
for theadjointprinciple).Hourly valuesof surfacicanthropic
emissionsaregivenfor 15 primary pollutants,usingtwo data
sourcesthe CITEPA (1993)inventory providing annualto-
talsof emissionof NO,,, SO,, CO,CH; andNMVOCs(non
speciated)and the GENEMIS (1994) data base,used for
NMV OC speciatiorandtemporaldisagrgationof annuatlto-
talsto hourly values.

The MOCAGE model (Peuchet al., 1999), currently
developpedat Météo-France/CNRMwill be usedto pro-
vide chemicalboundaryconditionsat continentalscale.Fi-
nally, asa complemento all previous Eulerianmodels,the
Lagrangianmodel, MELCHIOR (Beekmannand Lattuati,
2000)wasusedfor analysisof pollutanttrajectoriesover Eu-
rope.

4 10P2 of ESQUIF: Data analysis

The ESQUIF experimentsperformedduring Summer1998
have beendesignedo addressnore specificallythe follow-
ing questions(i) whatarethe relative contrilbutionsof local
productionandlong-rangetransportto the ozoneconcentra-
tionsmeasuredvertheParisareaduringpollutioneventsand
(i) whatis theimpactof theverticalboundarylayerstructure
onozonebuild-up overtheParisarea?n this sectionwe per
form preliminaryanalysesn orderto illustratehow ESQUIF
datacanbeusedto addresshesequestions.

In this paper we focuson IOP 2 which lastedthreedays,
from Friday to Sunday7-9 August 1998 (hereaftercalled
7A98, 8A98 and 9A98, respectiely, Table 5). This period
(including10and11 August1998)correspondetb thehigh-
estozoneconcentrationsecordedduring the whole summer
of 1998. As the experimentalset-upwas optimum during

7A98,8A98 and9A98 (includingaircraftmeasurementsye
focusour analysisonthesethreedays.

In orderto understandhe origin of air massesadwected
into the Paris area,a seriesof 7 day back-trajectoriesvere
calculated.Thesetrajectoriesusedthe wind field as diag-
nosedby ECMWEF first guessesDuring the corvective pe-
riod, air parcelsare well mixed within the boundarylayer.
Hence neither constant-altituderajectoriesnor trajectories
following the mean3-dimensionalvind field would be real-
istic. In orderto overcomethis problem,air trajectoriesvere
assumedo undegoarandomaltitudechangesveryhourdur-
ing the corvective period(0900-1800UTC). They werenev-
erthelesdoundedo staybetweerD and1500m.Fifty back-
trajectoriesare calculatedn this way (dueto the corvective
processesan endingpoint doesnot correspondo the same
origin. In orderto taken into accounttheseseveral origins,
fifty trajectoriesarestudied) Figure3 representthese'back-
plumes”endingin Parisduringthethreel OP daysandtheday
prior. On 6A98 and7A98, theair masshasa maritimeorigin,
while on 9A98 it hastravelled over the British Islesaswell
asBelgium,theNetherlandsandLuxemhurg. We thusexpect
that on day 9A98 a significantpart of ozonemeasuredver
Paris originatedfrom precursorsemittedover NorthernEu-
rope,while on day 7A98, mostof the pollution waslocally
produced.

4.1 Regional ozoneformationand continentaktransport

In orderto quantify the amountof ozoneproducedin large
cities such as Paris, one cannot use measurementsaken
within the Paris city limits sinceozoneformationis usually
maximumin the city plume,about50 km downstreanof the
Pariscity (seefor instanceTuletetal., 1999).

On 7A98, the urban plume was obsened southwestof
Parisfrom aircraftandsurfacemeasurementsn this region,
ozoneconcentrationsneasuredby theMERLIN aircraft(Ta-
ble 6) at about500 m AGL reachedabout110 ppb at the
endof theafternoonwhile thoseencountereih thenortheast
sideof thecity wereabout60-70pph Thereforephotochem-
ical ozoneproductionfrom localemissionsvasatleastabout
50ppbduringthisday. Theaircraftlooped6 timesaroundthe
city during the afternoonon the sametrajectory Thus,one
canplot, at eachtrajectorypoint, a time seriesof the ozone
concentrations.

We representn Figure4 this time evolution for four se-
lected points. The first (second)location, in the northeast
(southwest)f Paris, is usedto characterizeéhe ozonecon-
centratiorupstrean{downstreamf Paris. The othertwo lo-
cations(southeasandnorthwestbof Paris)arechosersuchas
to documentozoneconcentrationsn the cross-winddirec-
tion. Theselocationsare further referredto asNE, SW, SE
andNW (Figure4). On the lee side,downwind of Paris,the
ozoneincreassds very pronouncedvhile on the upwind side
concentrationslo notvary muchduringtheafternoon At the
two otherlocationsconcentrationseachintermediatevalues,
with a peakoccurringearlierthanin the plume. The same
behaiour is obsened from groundstations.At Montgé en
Goele (about40 km NE of Paris), peakconcentrationseach
about60 ppbwhile at Rambouillet(soutwesbf Paris), peak
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Fig. 3. Ba-trajectoriesendingin Paris on (a) 6 August1998,(b) 7 August1998,(c) 8 August1998and(d) 9 August1998.

Table 6. Aircraft opemtionsduringthe lOP 2. ’Loops’ refers to the numberof circlesmadearoundParis during theflight.

Aircraft Day Timeperiod(UT) Flighttype Loops Levels(m)
MERLIN 7A98 0609-0711 Sulurban 1 500
7A98 1224-1540 Suturban 6 500
8A98 0454-0832 Meso 1 900
8A98 1232-1448 IdF 1 500
9A98 0451-0826 Meso 1 900
9A98 1254-1513 Sulurban 5 500
AZTEC-MF 7A98 0725-0817 Urban 3 300,900,1500,1650
7A98 1444-1542 Urban 3 300,900,1500,1650
8A98 0558-0837 IdF 1 165,330,500
8A98 1158-1255 Suturban 1 500
8A98 1443-1534 Suturban 1 500
9A98 0556-0852 IdF 1 165,500,1650
9A98 1314-1625 IdF 1 165,500,1650
AZTEC-LSCE 7A98 0727-0919 IdF 1 300,600,1500
7A98 1320-1522 IdF 1 300,600,1500
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Fig. 4. Aircraft measuementf ozoneon 7A98and9A98,at 500m

AGL. Thecential box presentghe city of Paris with the’Sukurban’

flight trajectoriessuperimposedAlso shownare the four represen-
tative locationsselectedo conductthe pollution analysis(NW, NE,

SE and SW seetext for explainations).The time evolution of the
ozoneconcentation measued in theselocationsare presentedn

the surroundingboxes.

valuesareof theorderof 125ppb(seeFigure8). In theurban
areaconcentrationgaresimilar to upstreanvalues.

On 8A98, the surfaceconcentrationsneasuredt all sta-
tions pealed around1200 UTC which is quite unusual(as
peaksaregenerallyobsenedaroundl500UTC overtheParis
area) A secondnaximumof ozoneconcentratioris obsened
at the expectedtime (1600 UTC). In the afternoon,back-
groundvaluesin Montgé en Gogle arelargerthanon 7A98.
The plumeoccursmorewestward,dueto light easterliesBy
comparingupstreamanddownstreanmvalues(not showvn) we
concludethatthe ozoneproductionis approximately25 pph

On 9A98, the evolution of the ozoneconcentratiormea-
suredat500m AGL duringthe5 'Agglo’ flights exhibit sim-
ilar trendsin the NE, NW and SW locations(Figure4), the
valuesin the SWlocationbeingapproximatelylO ppblarger.
Thebackgrounatoncentrationaremuchlargerthanon7A98
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Fig. 5. Aircraft measuementperformedduring theMesoflight per

formedon 9A98during the morning(0451-0828UTC): boxesindi-

catethe ozoneconcentations(ppb) at 900m.Thetwo setsof badk-
trajectoriesendingat the northeast(with [O3]=66ppb) and south-
west(with [03]=82ppb) corners of the Mesoflight (9A98at 0600
UTC) are estimatedfrom bad-trajectoriesmodeling Each point
correspondgo 24h stepsbefoe the endingtime showingthe air

massesrajectoriesandthetime spentabove urbanand/orrural ar-

eas.

and 8A98. Mean ozoneconcentrationglifferencesbetween
downwind andupwind of Parisareabout30 pph

Concentration®f ozonemeasuredlongthe Mesoflight
werealsovery interesting(Figure2): Theflight altitudewas
about900m AGL, above therising mixedlayer, earlyin the
morning.High concentration$80-90ppb)werefoundin the
southerrbranchwhile in the northernbranchconcentrations
were moderatg(60-70 ppb). The explanationof suchtrends
canagainbe givenin termsof backtrajectories.

Figure 5 shows the backtrajectoriesgalculatedwith the
samemodel as above, arriving at the northeastand south-
west cornersof the Mesoflight trajectory The air massar-
riving at the northeastorneroriginatesfrom the ocean be-
fore spendingabout24 hoursabovecontinentapollutedareas
(Benelux).Theair massarriving at the southwestornerhas
travelled above centralEngland,Benelux,westernGermary
andcentral-easErancelt hasspentmorethanfour daysover
continentalareaswhich apparentlycauseghe higherozone
concentrationslt is notevorthy thatduring thetwo daysbe-
forearrival, theair massesirriving atthesouthwestercorner
of the Parismetropolitanarea,essentiallycrossesural areas,
but with potentiallyhigh biogenicemissionsespeciallygiven
the hot temperaturesat this time (about30-35°C). Therela-
tive importanceof biogenicversusanthropogenicontinental
emissionwill beinverstigatedvithin theESQUIF projecton
amodelingbasis,andwill bereportedn afuturearticle.

The important point here is that these measurements
demonstratéhathighozoneconcentrationsanbefoundover
ruralareagemotefrom importanturbansourcesandeventu-
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Fig. 6. Atmospheriaeflectivityat a wavelengthof 0.53 um as ob-
tainedfromthe badscatterlidar locatedin Palaiseauduring 8 Au-
gust1998.

ally betransportednto urbanareastogethemwith othernon-
oxidisedprecursorspecies.

4.2 Impactof the vertical boundarylayer structuse for the
ozoneconcentationsmeasuedover the Paris area

In additionto horizontaltransportand chemicalprocesses,
the accumulationor dispersionof pollutantsemitted at the
surfaceis alsodrivenby the corvectionprocessesvithin the
ABL.

On 7A98, the ozoneconcentrationsn Montgé en Gogle
and Paris are moderategseeprevious section).However, the
concentrationsneasuredn Rambouilletatthe surfaceandat
500m AGL werethelargestmeasurediuringthelOP. Onthis
day, the maximumABL depthis obsenedat 800 m around
1200UTC whichis muchshalloverthanon 8A98 and9A98
andis notrepresentatie of whatis generallyobsenedduring
thesummerMoreover, it remainsconstanfor therestof the
afternoon Meso-scalesimulationsveredonewith the Meso-
NH model shaving that this atypical situationwas mainly
dueto large-scalesubsidencever the Paris area.lt is inter
estingto noticethatthelow ABL heightwasassociatedvith
thestrongesbzonegradientdbetweerthecity andtheplume,
althoughwe cannotconcludedirectly thatlow ABL heights
favours local ozone production.Indeed several effects are
combinedthefirst IOP day, 7A98, is a Fridaywhile the rest
of the IOP occursduring the weelend, for which the emis-
sionpatternis significantlydifferent;the seconds thaturban
ozoneconcentrationsanbelower whenthe ABL is low due
to ozonetitration by NO emissionsandthird, in a shallov
ABL higheraerosolconcentrationsnay alter the photolysis
processen the urbanarea,makingthe city-plumegradient

3.5 e
3.0 || — 7A98-0532 UTC A
rrrrrrrr 8A98 - 0528 UTC
€ 25 | - - - 9A98-0534 UTC N
6 _
—
; —
315
35 ————
3.0 || —— 7A98 - 1119 UTC 4
rrrrrrrr 8A98 - 1118 UTC
€ 25 | - - - 9n98-1116 UTC -
< o0 g
S 15 - .
O
I 1.0 _
05 - _
0.0 PR R | TR Y P .
290 295 300 305 310 315
3.5 S —
3.0 | —— 7A98-1727 UTC
- o p— 8A98 - 1727 UTC
S 25 |-~ - 9n98-1726 UTC
< 20t
S 15 -
3 I
I 10
05 -
O L PRI T IR SR T, 3 E R T N D L
290 295 300 305 31 315

Potential Temperature (K)

Fig. 7. Potential tempeature soundingsperformedin Trappes,
30 kmto the southwesbf Paris on 7-9 August1998.

higher All thesehypothesesvill be testedusing numerical
modeling,andwill bereportedn futurearticles.

On 8A98, the 0830UTC temperaturesounding(not pre-
sentedchere)exhibited a synopticinversionat 1300m which
was also obsenred on the lidar-derived atmospheriaeflec-
tivity (Figure 6) measuredin Palaiseau(approximatvely
halfway betweenParis and Rambouillet). The diurnal evo-
lution of the lidar signal shavs the maintenancef an ele-
vatedpolluted layer (from 600 and 1300 m) between0800
and0900UTC which wasdecoupledrom the surfaceby the
nocturnalinversion(the heightof the nocturnaltemperature
inversionwas obsened at 600 m on the 7A98 2318 UTC
sounding).Around 1000 UTC, the residuallayer was ab-
sorbedby the growing ABL. Surface ozoneconcentrations
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measuredn Rambouilletdid not exhibit asudderincreaseat

this time periodwhich could meanthatthe ozoneconcentra-
tion in theresiduallayerwassmall. The surfaceozonecon-

centrationin Rambouilletincreaseduntil 1200 UTC while

the ABL heightroseto approximately2300m (from lidar

dataandtemperaturesoundingsuntil 1700UTC. The con-

centrationdecreasdetween1200and 1700 UTC could be

explainedby entrainmenbf low ozonebackgroundconcen-
trationinto the ABL. Thisis in agreementvith the factthat
thepreviousday’s boundarylayerwasratherlow andthatair

massegntrainednto the ABL thushave notencounteredor

thechemicalozoneproductionthedaybefore.

On9A98, theozoneconcentratiorin Rambouilletandthe
ABL depthincreaseduntil 1700 UTC (Figure 8 and Fig-
ure 7, respectiely). However, the previous day’s ABL was
alsohigh, explaininghighozoneconcentrationfoundathigh
altitude.Ozonepeaksweremuchlaterthanthe previousday;
sincethe dilution effect wasnot aseffective on this day. We
alsonoteanincreaseduringtheafternoonjn thebackground
ozone(seeon Figure8 the Montgé-en-Glestation),which
could alsoexplain the generalincreaseof all ozoneconcen-
trationsat the end of the afternoon.Again, definitive con-
clusionscanonly be given after numericalsimulationof the
episodeusingbothregionalandcontinentakcalemodels.

5 I0P2 of ESQUIF: Model analysis

The first goal of analysismodelingis to determineif CTM
modelsare able to reproducea comple pollution event as
theoneobsenedduringlOP2.Thesimulationwasperformed
from 7A98 (0000UTC) to 9A98 (2300UTC). In orderto ac-
countfor small-scalesurfaceheterogeneitiessCMWF pro-
files were interpolatedto the surface using obsered tem-
peratureand pressuredata (from surface stations).Ozone
concentrationsesultingfrom the three-dimensionadimula-
tions are comparedto those measuredby surface stations
on an hourly basis.In Figure 8, comparisonsare displayed
for Paris (top), Montgé-en-Gele, northeastof Paris (mid-
dle), and Rambouillet,southwesbf Paris (bottom). For the
threelocations,the agreements fair over the threedays.In
Paris, on 7A98 and 8A98, concentrationsire representatie
of the averagedobsened concentrationsand on 9A98, in
Paris, one notesa model underestimatiorat the end of the
day. In Montgé-en-Gdéle,themodelfits theobsenationswell
which arerepresentatie of backgroundzoneadwectedover
thewholesimulateddomain.Over Rambouilleton8A98and
9A98, the modelfits well the surfaceozoneconcentrations,
but somediscrepanciesappearon 7A98 where the plume
intensity is underestimatedn orderto understanahis un-
derestimationyve turn to Figure 9 which displaysa map of
simulatedozone(in ppb, at z=500m AGL, on 7A98 andat
1500UTC) overtheParisarea.
Thesesimulatedozonevaluesare comparedto aircraft
ozone measurementsperformedat the same period. The
plumeamplitudeis well reproducedbut it is slightly shifted
southward comparedo obsenations.The discrepanciebe-
tween modelledand obsened valuesmay be explainedin
terms of the meanmeteorologicalforcing fields used: the
ECMWEF inputscorrespondo the meanflow overthewhole
domain, without topographyat small scale.Errors induced
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Fig. 8. Surfaceozoneconcentations (ppb) measuementsby AIR-
PARIF from 7 to 9 August1998 (from 0 to 72h) in Paris (top),
Montge en Goele(middle),and Rambouillet(bottom). The Montge
en Goele and Rambouilletsuturban stations are locatedto the
northeastand southwesof Paris, repectivelyResultsfromthe CTM
modelare addedat ead locationfor comparisonwith in-situ mea-
surements

using thesemeteorologicalffields may be of the orderof a

few percenfor wind speedanddirection. Thenext stepto im-

prove theanalysegperformedwith POLLUTO will beto use
simulationamadeby a fully mesoscalenodel,suchasMeso-
NH in orderto accountfor small-scal¢opographyandmore
accurateturbulent effects. This stepis currentlyin prepara-
tion.

6 Summary and conclusion

The objectivesandthe experimentalset-upof the ESQUIF
projecthave beenpresentedNumerousgroundandairborne
measurementsave beenacquiredin the courseof 10 IOPs,
which cover a variety of meteorologicabituationdeadingto
air pollution in the region of Paris. This projectis part of a
seriesof Europearprojectsdedicatedo atmospherigollu-
tion which have beenundertalenrecently With respecto the
otherprojects,oneoutstandingyoal of the ESQUIF projectis
to implementa thoroughdatabasewhich would includethe
measurementaswell asmodelsimulations.This database
exists (http://wwwlmd.ens.fr/ESQIF/) andwill beavailable
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Fig. 9. Measuementsand modelcomparisorfor [O3] (ppb)concentationson7A98at 500m AGL and 1500UTC. Thecity of Paris is at the
centerof themodeldomain,andthe concentationsare representativeof the vertical boxmodelat z=500m.Theaircraft measuementsvere
performedduring a'Sukurban’ flight (7A98,from 1430to 1500UTC, with the MERLIN aircraft, seeTable 6) and[Os] (ppb) measuements
are superimposedlongtheflight trajectory Wind vectos are issuedrom ECMWFdata.

shortlyto the scientificcommunityinterestecn atmospheric
pollution studies.

In this paper we have presentedpreliminary results
obtained during the secondIOP of ESQUIF, in August
1998. The study conductedhere demonstrateshat only a
continental-scalapproaclenablesa thoroughunderstanding
of atmospherigoghotochemicapollution over a strongly ur-
banizedareasuchas Paris. Indeed,strong pollution events
were diagnosedo be influencedby dynamicaland chemi-
cal processest differentscales A major reasonfor this is
certainly the absenceof marked orography For the situa-
tions documentechere, it was shavn that, besidessurface
emissionsthemajorfactorsdriving pollutantsconcentrations
werecontinental-scal&ransportandcorvective actiity.

The mainresultof this studyis to shav that, combining
modeling and experimentationwe could identify the con-
tribution of local productionversusregional transportto the
ozonepeak.Using this combinedapproachwe have shavn
thaton 7A98, the pollution eventis mainly dueto local pro-
duction,wherea®n9A98, high ozoneconcentrationaredue
bothto local productionandregionalozonetransport.
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