THE MEGAPOLI PARIS
CAMPAIGN FOR URBAN
AEROSOL
CHARACTERISATION - A
COMPREHENSIVE DATA SET
FOR AIR QUALITY MODEL
EVALUATION

M. Beekmann (1), A. Borbon (1), J. Sciare (2), V. Gros (2), A.
Prevot (3), U. Baltensperger (3), A. Wiedensohler (4), F.
Drewnick (5), S. Pandis (6), A. Baklanov (7), M. Lawrence (5),

and the MEGAPOLI Paris- campaign team

(1) LISA, France, (2) LSCE, France, (3) PSI, Switzerland,
(4) IfT, Germany, (5) MPI, Germany, (6) FORTH, Greece,
(7) DMI, Denmark,

HARMO June 1 -4 2010, Paris



. FP7 MEGAPOLI OBJECTIVES

The main objectives

Objective 1: to assess impacts of Megacities: Emissions, urban,
' ' P regional and Global Atmospheric

megacities and large air-pollution POL Iution and climate effects,

“hot-spots” on local, regional, and ~ and Integrated tools for
: : assessment and mitigation
global air quality;

Objective 2: to quantify feedbacks
between megacity air quality, local
and regional climate, and global
climate change;

Objective 3: to develop improved
Integrated tools for prediction of air
pollution in megacities and their
surrounding areas




lle de France Campaign objectives

* provide new experimental data to better quantify
sources of primary and secondary organic aerosol
In a large agglomeration and its plume

Four major tasks
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Region lle-de-France = 12
million inhabitants (20% of
the French population

Population density (PARIS)=
20,000 inh. / km?2

Surrounded by rural areas

Dense scientific infrastructure
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Il. Campalign set-up

« Summer (July) 2009 campaign

* Winter (January 15 — Febraury 15)
campaign



Instrumentation set-up and parameters measured

* 1N situ
** (Gases:

*** pollution tracers: CO, O3, NOx, NOy,
*** aerosol precursors: (O)VOC (cartridges, PTR-MS....), H2S04
*** radical budget : OH, HO2, HONO, J’s
** Aerosol
*** mass, Ssize and number
*** physical properties (volatility, optical, hygroscopicity)
*** chemical composition: OA components and individual
species, BC, dust, ions, ...

**** rapid AMS, PILS, MAAP, ECOC
**** detailed (filters with ~100 individual compounds)

** Dynamic (wind, T, turbulent fluxes, ...)

* Remote
** gpectroscopic -> gas columns (NO2, HCHO, CO, O3, .....)
** Lidar (backscatter, partly multi-A, polarized)
** wind profils (sodar, lidar)
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3 primary sites => full suite of in situ measurements / + meteo at SIRTA.




Tour Eiffel,
Ballon Air de
Paris
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3 primary sites => suite of in situ measurements / + meteo at SIRTA.
3 secondary sites => lidar and spectrospcopic measurments / or in some situ
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Tour Eiffel,
Ballon Air de
Paris

3 primary sites => suite of in situ measurements / + meteo at SIRTA.

3 secondary sites => lidar and spectrospcopic measurments / or in some situ
3 mobile labs => full in situ measurements (PSI + MPI) + Univ Duisburg
1 mobile lab => lidar measurements (CEA) 1 mobile lab => MAXDOAS (MPI)




Tour Eiffel,
Ballon Air de
Paris

3 primary sites => suite of in situ measurements / + meteo at SIRTA.

3 secondary sites => lidar and spectrospcopic measurments / or in some situ
3 mobile labs => full in situ measurements (PSI + MPI) + Univ Duisburg
1 mobile lab => lidar measurements (CEA) 1 mobile lab => MAXDOAS (MPI)

1 aircraft ATR-42 => full in situ measurements (SAFIRE, CNRS, MPI)




In addition during winter => ALS - LEOSPHERE lidar network (five sites)




Organisation / Participants

Initial FP7 partners :

« CNRS (LISA, LSCE, GAME, LaMP, LGGE, subcontractor
SAFIRE), PSI, IfT, FORTH, Univ. Helsinki

Additionnal EU Participants
* MPI, Univ. College Cork, FMI, Univ. Duisburg

Additional French Participants :
 AIRPARIF, CEREA, Ecole de Mines, INERIS, LCME, LCP-
IRA, LATMOS, LHVP, QUALAIR, SIRTA/LMD/IPSL

lead : M. Beekmann (LISA-CNRS), U. Baltensperger (PSI)
« Ground based segment : Jean Sciare, Valerie Gros (LSCE)
Airborne segment : Agnes Borbon (LISA)

Ad hoc coordinating commitee with above persons, MEGAPOLI
coordinators, aircraft instrument PI's, and site responsibles



I1l. First campaign results and how
to be used for model evaluation

Meteo / Transport

Emissions

Gas phase chemistry

(Organic) aerosol chemical composition

Aerosol properties



Meteo / Transport

Measurement type Model parameter or
performed process to be evaluated

Lidar and sodar wind profiles | Synoptic wind speed

Radiosounding wind and T | Synoptic wind speed and

profiles boundary layer height
Surface meteo network Urban heat island effect
(temperature)

Lidar (ceilometer) derived Urban heat island effect on
boundary layer height BL height

Passive emission tracers Urban scale dispersion
(urban scale NOXx, urban + (cumulated with uncertainty
plume BC and NOy) on emissions), regional scale

advection




Surface meteorology in July 2009 SIRTA (suburban sit)
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Surface meteorology in Jan/feb 2010 SIRTA (periurban)
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PBL height derived from lidar and ceillometer

measurements

LHVP — SIRTA vs. MM5 and WRF
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Systematic comparison for July 2009 (afternoon)
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Mesures ATR-42 Simulations avec

Aethalometer NFS/MM5/ CHIMERE

(A. Schwarzeboeck, CNRS/ Q. Zhang, M. Beekmann LISA
Lamp)
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Emissions

Measurement type
performed

Model parameter or
process to be evaluated

Airborne plume
measurements of emission
tracers (NOy, VOC, BC)

NOx, VOC, BC emissions
(spatially integrated over
Paris agglomeration)

Urban scale VOC ratios

VOC emission ratios, source
distribution

PM chemical composition
(individual tracers) ,
C14 ratio

PM and organic aerosol
emission source distribution,
modern vs. old OA

Airborne measurements of
biogenic VOC and oxidation
products

Biogenic VOC emissions
over forested areas
surrounding Paris
agglomeration




Specific local (wood burning) pollution event ¢
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Gas phase chemistry

Measurement type
performed

Model parameter or
Process
to be evaluated

Oxidant (sum O3+NO2)
content

Ozone formation efficiency

Urban scale + plume NOy

NOX processing ,

species NOy budget
Urban scale + plume VOC  |VOC reactivity + secondary
species \VVOC build-up

Odd hydrogen radical and
source/ sink measurements,
VOC ratios of different
reactivity

Odd hydrogen (OH, HO,,
RO,) radical budget,
OxIidation capacity
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Diurnal radical profiles at SIRTA SAMU
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Aerosol chemistry

Measurement type Model parameter or

performed process to be evaluated

Chemical PM1, PM2.5 mass |Secondary and inorganic

closure (AMS, PILS, ...) aerosol formation

AMS HOA + OOA OxIdative state of organic

AMS elemental (H,C,O) ratio |aerosol

OOQOA/ CO ratio versus — Normalized (emissions,

log(NOX/NOy) photochemistry) secondary
aerosol build-up

OOA/ OX ratio




Context: Large uncertainties on primary and
secondary organic sources

POA is semivolatile and

can be oxidised !

(Robinson et al., 2007)

Gas-phase Aging
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Simulation results (LHVP-Urban site)

vs. ground based AMS measurements (PM1)
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The continental advection case: January 26-28
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Aerosol properties

Measurement type Model parameter or

performed process to be evaluated

Aerosol size distribution, Correct representation of

hygroscopicity nucleation, coagulation,
hygroscopic growth in
models

Hygroscopicity and single Representation of mixing

particle measurements state

\olatility measurements \olatility representation of
organic aerosol




Organic PM Volatilit
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Conclusion

Megapoli Paris campaign data will allow extensive
evaluation of urban / regional scale air quality models

Pollution plume is well identified at 100 — 150 km
downwind from Paris even for rather clean conditions In
summer

Oxygenated organic aerosol (OOA) seems to be major
OA component during summer (preliminary result)

Winter : much larger gas phase and aerosol
concentrations of both local/regional and continental
origin

Strong wood burning source for OA In winter



More material
http://megapoli.dmi.dk/
http://megapoli.lisa.univ-paris12.fr
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Wind field - SIRTA (48.7N, 2.2E)
Windcube lidar WLS7 - LEOSPHERE - 2009/07/29
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Systematic comparison for July 2009 (night)

Difference obs. —sim.
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Model vs PM1 observations at
urban site during July 2009 [ug/m?3]
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