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Context:
Still large uncertainties on origin of primary and secondary
particulate matter

Source sectors
Primary

+ Traffic, industry ~ SEEE = e aerosol

 Wood burning, fires

e Agriculture >econaary
Ero— aerosol
* Forests




Qualité de l'air en lle de France:
champs annuels des particules fines PM2.5




Data sets :

Megapoli intensive campaign: Paris region, 7/2009,
1,2/2010, ground based + mobile + aircraft facilities,
aerosol + gaz characterisation

Particules, Paris region: 1 year 2009-2010, PM2.5
composition on several sites

Francipol: Paris region, spring, summer 2010, 1
urban site, VOC’s, NH3, HNO3

Model simulations:
CHIMERE regional chemistry transport model



" Local versus Regional contribution of PM,

Hg/m?
A Urban areas

A ‘ ‘ ‘ Rural
URBAN BACKGROUND areas
SUBURBAN BACKGROUNDE=

Subtractive approach

> [PMZ.S]PARIS = [PMZ.S]urban - [PMZ.S]ruraI

NATURAL BACKGROUND [HEMISPHERE)

Results from the Particules campaign
September 2009 — September 2010

Daily PM2.5 major components

from filter samples + PILS system + Sunset

This approach has been applied earlier
for Berlin (Lenschow et al., 2001)

Bressi et al., ACP 2013




Local versus Imported Contributionto PM2.5
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= ~70 % of PM2.5
is imported from
outside the
agglomeration

—> this was an expected
result for sulfate and
nitrate, but it is new for
organic aerosol

Beekmann et al., ACP, 2015,
Petetin et al., GMD, 2014



Local versus Imported Contributionto PM2.5
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= ~70 % of PM2.5
is imported from
outside the
agglomeration

—even more for large
PM2.5 concentrations

—=>PM2.5 variability is
mainly advection
controlled

Beekmann et al., ACP, 2015,
Petetin et al., GMD, 2014



A novel approach for air quality model evaluation

— Use derived observations of urban local and advected PM concentrations
for model evaluation
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contributions to greater Paris PM2.5 urban background,

for the CHIMERE model (bars) and observations (filled circles) Petetin et al.. GMD. 2014

G)imere L*QD]NE'Rls liso. www.Imd.polytechnigue.fr/chimere/

Menut et al. 2014 (GMD 6)
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Origin of ammonium nitrate aerosol
example of spring 2014 pollution period

Analysed daily average PM,,
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Analysed daily peak PM,,
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PREVAIR PM10 analysis, based on CHIMERE air quality model simulations
and assimilation of Airbase surface observations

http://www.prevair.org/en
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PM2.5 composition during pollution episodes
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=> March , April : ~50% NO3

PM2.5 aerosol composition at a rural background site (Petit-Quevilly )during the 10
largest PM pollution episodes between 2010 and 2014
(Source Air Normand)



Sensitivity coefficient

Simulated and observed local sensitivity of nitrate
formation to precursors in Paris
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Sensitivity coefficient S, :

ANO, x
S, = ~
NO; Ax
calculated with the ISOROPIA model
from observed and simulated
TNH;= NH; (g) + NH,*(p)
THNO; = HNO; (g) + NO3™ (p)
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How to improve from this?

=> include temperature dependence in emission estimates by using explicit
NH3 evaporation model => link VOLT'AIR + CHIMERE Hamaoui et al.2014

=> use NH3 satellite observations to infer NH3 emissions (Cheiney et al., in
progress)

LOTUS-EUROS IASI

" - IASI error
Imulation observation

Atmospheric NH3 columns (mg/m2) between 2008 et 2011
Van Damme et al., 2014



PM2.5 composition during pollution episodes
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=> Winter : major organic matter origin

PM2.5 aerosol composition at a rural background site (Petit-Quevilly )during the 10
largest PM pollution episodes between 2010 and 2014
(Source Air Normand)



Diurnal cycles of organic aerosols sources
MEGAPOLI winter campaign (PM1)

From Positive Matrix Factorization

of Aerosol Mass Spectrometer measurements
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Fossil fuel vs. non fossil carbonaceous
aerosol (PM1) — LHVP winter
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Fossil fuel vs. non fossil carbonaceous
aerosol (PM1) — LHVP summer
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Organic aerosol modelling
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Simulation of Paris polluant plume - CHIMERE

Black Carbon , in ng/m3 (surface) Oxygenated organic aerosol , in ug/m3 (surface)
Simulation of 20090716 7 UTC Simulation of 20090716 7 UTC
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Simulations CHIMERE-VBS Q.J. Zhang, LISA/CNRS



Paris plume developement (July 16)

ATR-42 Airborneobserved OA pg/m3 CHIMERE simulated OA pg/

49.5°N

48.5°N " - .
475 W ég 415“"&1’5@&

Freney et al., ACP, 2013

=> Simulations ~ right for the right reasons ?



SOA vs. Ox plots

SOA versus Ox (O;+NO,) plots can be used to normalise SOA
formation with respect to precursor concentration and
photochemical activity (Herndon et al. 2008)

COV+OH-> ->-> o, Ox + ..... (for high pour NOx)
COV+OH-> ->-> a, A0S+ .....
Slope SOA vs. Ox correspondto o, /o,



SOA vs. Ox plots

SOA versus Ox (O;+NO,) plots can be used to normalise SOA formation with respect to
precursor concentration and photochemical activity (Herndon et al. 2008)

COV+OH-> ->-> 0o, Ox+ ..... (forhigh pourNOx)
COV+OH -> ->-> o, AOS + .....

S SOAvs. O dt
ope SOAvs. Ox correspond to 0ty /0L, AMS OA and Ox (03+N0O2) observations July 16

10 AMS  y=0.,13x-2,45 VBS-LNOX: Volatility basis set with
\\;Egh%%);( ¥28%:53§%00% / high SVOC yield (low NOXx)
8VBS-LA*~  y=0.19x:9.50| VBS-HNOX: Volatility basis set with
olT' (a1) ..: oo low SVOC yield (high NOx)
c 0 | VBS-LA: Volatility basis set with
o)) SI-SOA formation only,
“;; 4; but with 3 times higher POA
@) emissions
p)
=> both VBS-LNOX and VBS-LA

QO 25 50 55 60 65 70 75 80 agree rather well with observed slope

O b
+ (PPD) Zhang et al., ACP, 2015
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..... but give a different share of ASOA and SI-SOA
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Conclusions et Perspectives

e 70 % du PM2.5 est transporté vers la région parisienne depuis
I'extérieur

* Pics de printemps de nitrate dammonium: meilleure connaissance
des sources de NH; et de HNO; nécessaires pour bien évaluer les
sensibilités par rapport aux émissions de trafic et d’agriculture

=> modélisation des processus d’émissions, modélisation inverse

e Combinaison des mesures AMS-PMF and “C puissante pour
I"attribution des sources :
=> fraction moderne dominante pour le fond urbain parisien (>60%
en été, <80% en hiver): activités de cuisine (été, hiver),
combustion de bois (hiver), aérosol organique secondaire (été,
hiver ?)

= meilleures cadastres d’émissions pour le chauffage par le bois,
activité des cuisine incluant les émissions semivolatiles

e Contribution d’aérosol organique d’origine fossile (ASOA, SI-SOA)
dans le panache parisien

=> mesure de traceurs pour sources spécifiques (ASOA vs. SI-SOA BBOA
vs BSOA



