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Abstract. The particulate matter source apportionment tech-project. PSAT simulations are in general consistent (within

nology (PSAT) is used together with PMCAMYX, a regional 20 %) with these estimates for OA and sulfate. The only ex-
chemical transport model, to estimate how local emissionseption is that PSAT simulates higher local EC contribution

and pollutant transport affect primary and secondary partic-during the summer compared to that estimated from obser-
ulate matter mass concentration levels in Paris. During thesations.

summer and the winter periods examined, only 13 % of the
PM, 5 is predicted to be due to local Paris emissions, with
36 % coming from mid-range (50-500 km from the center of
the Paris) sources and 51 % from long range transport (moré  Introduction

than 500 km from Paris).

The local emissions contribution to simulated elementalFine particles (PMs) can cause a variety of problems to hu-
carbon (EC) is significant, with almost 60 % of the EC orig- Man health including premature death (Dockery et al., 1993;
inating from local sources during both summer and winter. Kunzli et al., 2000; Klemm et al., 2000; Pope et al., 2002).
Approximately 50 % of the simulated fresh primary organic PMgz5 is also responsible for visibility reduction (Seinfeld
aerosol (POA) originated from local sources and another@dnd Pandis, 2006) and contributes to acid rain formation
45 % from areas 100-500 km from the receptor region dur-(Burtraw et al., 2007) and climate change by affecting the
ing summer. Regional sources dominated the secondary PN@nergy balance of our planet (Schwartz, 1996).
components. During summer more than 70 % of the simu- One of the main challenges when trying to improve air
lated sulfate originated from S@mitted more than 500 km quality in large urban areas is the quantification of the con-
away from the center of the Paris. Also more than 45 % oftributions of local as well as long range pollutant transport.
secondary organic aerosol (SOA) was due to the oxidation ofdentifying the areas affecting the receptor is also a crucial
VOC precursors that were emitted 100-500 km from the cenJSSU€.
ter of the Paris. The model simulates more contribution from A number of approaches have been proposed and used in

long range secondary PM sources during winter because th@rder to estimate the role of local and regional sources in dif-
timescale for its production is longer due to the slower pho-ferent areas. Three-dimensional chemical transport models

tochemical activity. (CTMs) can simulate all relevant atmospheric processes, so
PSAT results for contributions of local and regional they have beenused in several different approaches. The sim-

sources were compared with observation-based estimatd¥est method is the so called “zero-out analysis” or “brute-

from field campaigns that took place during the MEGAPOL| force method” (Park et al., 2003; Knipping et al., 2006; Chin
et al., 2007; Koo et al., 2009) which requires running the
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corresponding CTM multiple times by zeroing out the emis- lected, during July 2009 and January to mid-February 2010
sions of a specific source area or type. This is a computationas a part of the MEGAPOLI intensive field campaigns (Beek-
ally expensive method because it requires multiple simula-mann et al., 2014). PMconcentration in Paris during sum-
tions, one for each source area of interest. Another approachmer was on average between 5.3 and 7.5 pig,rbut dur-

is the direct decoupled method (DDM) (Dunker et al., 1981)ing winter was between 15.2 ugthand 18.5ugm3. The
which can provide local derivatives of the simulated pollutant same authors also estimated, based on the measurements in
levels to model parameters (such as emissions or process ratiee appropriate upwind site, that more than 70 % of;,BM
constants). DDM has been used to calculate the sensitivity ofvas transported into Paris from areas far away from it. Dur-
the concentration levels to changes in emissions. In generaing more polluted periods (P> 40 pgnt3 at the urban
DDM cannot be applied in large-scale perturbations (Dunkersite), the regional contribution was even larger (on average
et al., 2002). To overcome these problems, Ying and Klee-80%). In all, 70 % of the OA was found to be transported
man (2006) developed the source-oriented external mixturérom regional sources during both summer and winter. Freu-
(SOEM) approach introducing additional species for eachtel et al. (2013) found that the concentrations of secondary
source and tracking them separately throughout the modekpecies such as oxygenated OA, nitrate and ammonium dur-
In SOEM each secondary PM species is traced back to iting the summer MEGAPOLI campaign were quite similar
precursors. For example the concentration of particulate sulfor the three measurement sites in Paris, indicating the dom-
fate is traced back to Sources. Ying and Kleeman (2009) inance of regional transport. Significant levels of secondary
used SOEM to quantify transport distances in areas of Calspecies were transported to Paris when the corresponding air
ifornia. SOEM is accurate but computationally demanding. masses originated from continental Europe. The importance
Wagstrom et al. (2008) developed a computational efficientof the regional sources in Paris was also confirmed by Crippa
apportionment algorithm, the particulate source apportion-et al. (2013) for the winter MEGAPOLI period.

ment technology (PSAT) and used it for the first time in the The MEGAPOLI measurements provide a unique oppor-
Eastern United States (Wagstrom and Pandis, 2011a) to estiunity to compare the PSAT simulations with the estimated
mate the contributions of emissions as a function of distanceregional contributions. In addition, PSAT can quantify the
from the receptor for several urban and rural sites. PSATaverage transport distance from regional sources to the Paris
is computationally efficient as it works in parallel with the area, thus providing additional insights. The original version
main CTM without interfering with the CTM’s calculations. of PSAT has been based on PMCAMx-2002, a CTM that as-
Koo et al. (2009) used PSAT to analyze concentrations fromsumes that primary OA is non-volatile and inert and simu-
different source regions and compared them with the brutdated SOA formation using the Odum et al. (1996) 2-product
force method’s results. They showed that DDM and PSATapproach. Recent developments including the semi-volatile
can give similar results for pollutants that are related linearlyPOA and the continuous aging of OA (Robinson et al., 2007,
with emissions but otherwise the results differ because of thd.ane et al., 2008; Shrivastava et al., 2008) have not been
nonlinearity of the chemistry of secondary species or otherconsidered in previous source-receptor analyses by PSAT or
indirect effects. other algorithms.

In this study we will focus on the megacity of Paris. In this work we first extend PSAT so that it can work with
Air quality of Paris has been investigated through differentthe VBS approach (Donahue et al., 2006) for OA. We then
models such as CHIMERE (Zhang et al., 2013), PMCAMx apply the extended PSAT in PMCAMx-2008 in the European
(Fountoukis et al., 2013), POLYPHEMUS (Royer et al., domain focusing on Paris for the first time. This paper de-
2011), and HO (Couvidat el al., 2013). Sciare et al. (2010) scribes the PSAT application to the megacity of Paris for two
compared SOA predictions of the regional CTM, CHIMERE different seasons corresponding to the MEGAPOLI intensive
using a single step oxidation SOA scheme (Pun et al., 2006ampaigns.
against observation-based estimates from the “EC-tracer”
method (Turpin and Huntzicker, 1995; Strader et al., 1999;

Cabada et al., 2004) at an urban site. Fountoukis et al. (2013) Model description

applied a fine grid nest over the megacity of Paris with high

resolution (4x 4 km?). The evaluation of the model against 2.1 PMCAMx-2008

high time-resolution (AMS) measurements of fine particulate

matter from three sites was encouraging. Zhang et al. (2013The model used in this study is PMCAMx-2008 (Foun-
implemented the VBS approach into CHIMERE to simulate toukis et al., 2011), a regional three-dimensional CTM.
the behavior of organic aerosol and compared with measurePMCAMx-2008 is applied to Europe, covering a region of
ments performed during the MEGAPOLI summer campaign5400x 5832 kn?, using 36 kmx 36 km grid resolution and
(Baklanov et al., 2010). 10 vertical layers extending up to 6 km. The model is applied

Beekmann et al. (2014) used measurements inside the ceffer two periods, 1-30 July 2009 and 10 January—9 Febru-
ter of the Paris and the surrounding areas to estimate whairy 2010. The gas-phase chemical mechanism used is based
fraction of the particulate matter is local. The data were col-on the SAPRC99 mechanism, including 211 reactions of 56
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gases and 18 radicals. The PMCAMx SAPRC99 version usesvhereca ; (r) is the concentration of species A from souice
five lumped alkanes, two olefins, two aromatics, isoprene,jn a specific cell at the beginning of the corresponding time
a lumped monoterpene species, and a lumped sesquiterpestep andca , (r + Ar) is the same quantity at the end of the
species. OA is treated in this work as in Murphy and Pandistime step,Acj is the concentration transported into the grid
(2010). Fountoukis et al. (2011) evaluated the PMCAMx- cell, Acoyt is the concentration transported out of the grid
2008 performance for the same European domain againstell, cj ; is the concentration of species A from sourde
ground measurements taken at four measurement stationfe upwind grid cell ana3”; is the total concentration of
and airborne measurements during May 2008. The modeépecies A from all sources in the upwind grid cell. The ap-
reproduced more than 87 % of the hourly measurements ofortionment of the newly formed secondary PM is calculated
PM; OA and more than 94 % of the daily averaged OA con- hased on the apportionment of its precursor species. This
centrations within a factor of 2. Fountoukis et al. (2013) means that the apportionment of each secondary PM species
investigated the role of grid nesting for air quality simula- js calculated by the same equations as the apportionment of
tions in Paris, by comparing the results of PMCAMXx-2008 jts gas phase precursor.

with 4kmx 4km grid resolution to those of lower resolu-  \We have extended the original PSAT algorithm of
tion (of 36 kmx 36 km) for the summer and winter period \Wagstrom et al. (2008) to describe the OA mass based on the
of the MEGAPOLI campaign. Fountoukis et al. (2013) also vBS approach (Donahue et al., 2006; Stanier et al., 2008).
evaluated the model against ground based measurements pgimary OA emissions are distributed into different classes of
the three MEGAPOLI sites of Paris. For the site located insaturation concentrations (volatility bins). The correspond-
the center of the Paris (LHVP) the average simulated SU|fathg gas_phase POA Compounds can be oxidized by the hy_
during summer was within 0.2 ugT of the measured value droxyl radical leading to products of lower volatility. In the
and the simulated EC was within 0.5 ug# For the sub-  same way, SOA is considered to be semi-volatile and can also
urbs of Paris (SIRTA site) during summer, the model simu-pe oxidized further in the gas phase forming lower volatil-
lations were also in agreement with measurements of sulfatgy products. PSAT keeps track of the sources of all OA
and OA components. EC was simulated to be lower than the omponents (fresh primary, oxidized primary, fresh and aged

measured concentration, by less than 0.2 gg.m anthropogenic and biogenic secondary) using the same ap-
proach used for all semi-volatile species. All OA species are
2.2 PSAT description distributed into different volatility bins and are tracked by

PSAT as separate species. OA species are distributed be-
The particulate source apportionment technology (PSAT)tween the gas and the particle phase according to Eq. (2)
(Wagstrom et al., 2008) is an apportionment algorithm that(Donahue et al., 2006):
can track different pollutant categories originating from dif- .\ 1
ferent area sources or different source types. It is compug; — <1+ i ) , 2)
tationally efficient as it works in parallel with the main Coa

CTM without ianeaSing the CTM’s Computational time. Whereé:l. is the partitioning coefficient of Compoun’dfrac-
PMCAMx-2008 communicates with the apportionment algo- tion of compound in the particulate phasey; its effective
rithm after each step of each process (e.g., gas phase chematuration concentration arba is the total organic mass
istry, horizontal and vertical advection, etc.) by sending theconcentration. Eacli* corresponds to a different volatility
corresponding concentrations of each species calculated byin in the volatility basis set. Chemical aging reactions are
the CTM’s modules to the apportionment algorithm. After assumed to shift the organic mass to the next lower volatil-
each process step of the main CTM, PSAT calculates the apity bin corresponding to a reduction of the volatility by one
portionment for each source and for each species. The initiaghrder of magnitude.

conditions of the code are considered as a separate “source” The apportionment of all semi-volatile secondary organic
but their effect decays rapidly during the simulation and be-species is treated as a reversible process and the apportion-
comes negligible after a few days. The PSAT code requiresnent of the newly formed OA, regardless of its volatility, is

a source-resolved inventory and matches the correspondingased on the apportionment of its gas-phase VOC precursor.
emissions with the corresponding sources. PSAT uses the ap-

portionment of the upwind grid cell to apportion species after2.3  Definition of source regions within and around the
transport calculations instead of tracking the source-specific Paris metropolitan area
species separately. Equation (1) (Wagstrom et al., 2008) de-

scribes the apportionment of the new|y formed SDECiES A inWe have chosen nine Computational cells to describe the
a specific grid celi: Paris metropolitan area. We have also defined areas cover-

ing distances of approximately 50 km, 500 km, and greater
i than 500 km away from the center of the Paris metropolitan
. (@)

area (Fig. 1) for the calculation of the corresponding source

ck (1) i(t
cp,i(t+ Ar) =cp i) + Acin [ Al i — Acout [CA’ ®
contributions to PM levels.

0] cd (1)
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PSAT also tracks the contributions to particle concentra-
tions from initial conditions and boundary conditions. Con- Fi9- 3. Percent contributions from each area during high, all, and
centrations resulting from emissions within Paris are Con_Iow_partlculate matter concentration days for the simulated summer
sidered as local. The sum of the concentrations resultin eriod.
from emissions outside the Paris metropolitan area but within

500 km from the center of Paris is considered as contributioqocal sources for EC is on average 64 % while the contribu-

of mid-range transport and those resulting from emissions(ions of mid- and long range transport are 30 % and 6 % re-

Lnore(;han 503.‘:.”1 away from If;arlsd(lncllljd|ng the e:fects of pectively (Fig. 3). This behavior is characteristic of primary
oundary conditions) are considered as long range ranSporiollutants with significant urban sources (Wagstrom and Pan-

The long range contribution therefore includes also the emis-

. tside of th deling d . dis, 2011b).
sions outside of the modeling domain. POA has almost the same behavior as EC with a morning

peak at 07:00LT in the morning, but with lower concentra-

3 Quantification of source area contributions tion level than EC (on average lessthan0.5pgm
The behavior of sulfate is quite different because it is a
3.1 Summer secondary species. Average contributions of local, mid-range

transport and long range transport to sulfate in Paris are
We will focus first on mass concentration of three represen-6 %, 23 % and 71 %, respectively (Fig. 3). This indicates that
tative major PM species: elemental carbon, sulfate, and secsulfate in Paris is mainly originating from areas more than
ondary organic aerosol. Elemental carbon is a non-reactiv00 km away from the city. This is the result of the time re-
primary species, sulfate is secondary non-volatile, and SOAquired for its formation and the location of the major SO
is a secondary semi-volatile species. sources.

Figure 2 depicts the simulated diurnal pattern of EC, fresh Similarly to sulfate, less than 10% of the SOA in Paris
POA, sulfate and SOA and the corresponding source areass simulated to be the result of local sources. SOA consists
The EC concentration peaks at 08:00 LT in the morning. Theof all the secondary compounds formed from reactions of
concentration of elemental carbon is on average 1pgm evaporated POA, intermediate volatility organic compounds
During the hours of the day with the high concentrations the(IVOCs), and VOCs. SOA also includes the contribution
contribution of local transport is higher. The contribution of of the boundary conditions for OA. Paris has modest VOC
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during the summer. Long range OA also includes the transporte(FC' butwith a onver local contribution due to the evaporation
OA into the domain. of POA after emission.

Secondary organic aerosol precursors emitted far from
Paris are oxidized to form SOA which is then transported

emissions compared to its surroundings and also severdp the megacity. Aimost 50 % of anthropogenic SOA in Paris
hours are required for the formation of SOA from freshly is simulated to be due to mid-range transport and another
emitted VOCs. At the same time VOC emissions originating 34 % due to long range transport. The behavior of biogenic
from Paris can be transported to other areas away from th&OA is quite similar with outside sources contributing on
city and can be oxidized there, forming semi-volatile oxida- average 83% (Fig. 4). Total organic aerosol behaves like
tion products which can condense to form SOA. Mid- and SOA with local emissions contributing on average 11 %,
long range sources dominate contributing 45 % and 48 % remid-range transport 43 % and long range 46 % (Fig. 4). Long
spectively of the SOA levels in the center of Paris. range transport dominates for total OA because the boundary
Figure 3 summarizes the average simulated contributiorfonditions contribute on average 30 % during the summer.
from each source during clean and po||uted days_ Clean days As the Volatility of organics increases, the contribution of
are defined as the days with average concentrations of totdpcal sources is simulated to increase (Fig. 5). Organics orig-
PM,5 mass concentration in the lower quartile of the val- inating from local sources are in general less oxidized with
ues analyzed during this period. Polluted days are definedtigher volatilities, but organics which originate from long
as the days with average total BMconcentrations in the distances are heavily oxidized and typlcally of lower volatil-
upper quart”e_ During more po||uted days 559% of the EC ity. For the least volatile OA components in PMCAMx (ef-
is emitted by local sources with another 37 % coming from fective saturation of 10" ug n-3), the contribution of local
mid-range sources. On the other hand, during clean day§ources is simulated to be on average 10% and the contri-
these contributions of EC are on average 63% and 32 %bution of mid- and long range transport is 62% and 28 %
respectively. The contributions of different sources for sul-respectively. On the other hand for the more volatile OA
fate and SOA do not change very much during cleaner day§omponents (effective saturation of “4yn13), the con-
Compared to those of po||uted days_ It is noteworthy thattribution of local sources is 42% and the contribution of
PMCAMXx/PSAT simulates that the relative contribution of mid-range transportis on average 57 %. These high volatility
sources in Paris to total PM tends to be lower during pol- compounds are mostly in the gas phase.
luted than during average days. This rather surprising result
is consistent with the observation-based estimates of Beek3.1.2 Effects of Paris on other areas

mann et al. (2014).
PSAT has the ability to estimate the impacts of a specific

3.1.1 Organic aerosol sources source area, Paris in this application, on other areas and also
the impacts of the other specified areas on the receptor re-
A little more than 50 % of fresh POA in Paris is simulated gion. In order to quantify how far from Paris the plume
to be the result of emissions from local sources accordingof each species can travel, we can use a variety of metrics
to PSAT, while another 45 % is due to mid-range transport(Wagstrom et al., 2011a). The transport distance (TD) is a
and less than 5% comes from areas more than 500 km awayseful metric of the average transport distance. TD has been

www.atmos-chem-phys.net/14/2343/2014/ Atmos. Chem. Phys., 14, 22852 2014
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Fig. 6. Temporal variation of the transport distance for EC, sulfate
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mer period.

defined by Wagstrom et al. (2011b) as the distance between
the center of emissions and the center of the plume of the
simulated concentrations at a given time. The coordinates of
the center§Xc. ., Yen), (Xen, Ye,n) are calculated based on
Egs. (3) and (4) (Wagstrom et al., 2011a):

> Xicin 2 Yicin
i 14
(Xens Yen) = > cin ’ > Cin <
i l
d_Xiein Y Yiein
i 14
(Xe,n, Ye,n) = Zei,n ’ Zei’" ' @
i l

wherec; , are the concentrations; , are the correspond-
ing emissions of cell, n is the corresponding source area
andX;, Y; are the coordinates of the cells of the correspond-

£l
!

ing concentrations and the emissions. For the calculation of
the TD of secondary species like sulfate and SOA, the coor-
dinates of the emission centers are calculated based on the
emissions of their precursor gases,>Shd VOCs, respec-
tively. Figure 6 shows the temporal variation of the simulated
TD (from precursors emitted from the center of the Paris)

during the simulated summer period, for EC, sulfate and %

SOA. The TDis quite variable because it depends strongly on
meteorology. EC travels on average 400 km from Paris and
this TD is simulated to be lower than that of sulfate (600 km)
and SOA (800 km). Figure 7 shows the average impacts of
local Paris emissions of EC, $S@nd VOCs on PM in areas
far from Paris. Even if the plumes extend hundreds of kilo-
meters away from Paris, the absolute effects of this megacity
are modest (less than 0.1 ugffor each PM 5 component)
due to the relatively low emissions of the urban region.
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3.2 Winter

. L . . _ . Fig. 7. Simulated average ground concentrations (in [Igmof
The relative source contributions during winter are quite Sim-pys, - (a) EC, (b) sulfate and(c) SOA originating from the Paris

ilar to those during summer, despite the differences in absoges.
lute concentration levels. Winter is generally characterized
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summer and winter periods.

by higher emissions of EC and fresh POA and lower emis-

sions of biogenic SOA precursors compared to summer (Ta—4
ble 1). During winter the average simulated concentration
of EC in Paris was 2 ug n#, while during summer it was . .
1ug 3. Also the difference in concentrations between the Beekmann et al. (2014) performed a detailed analysis of mea-

two periods for fresh POA is significant. The simulated POA surement data collected inside and outside Paris, in order to

during winter is 1.5 ug mé and during shmmer 0.2 ugm determine the role of local and regional sources. They con-
. . ) . 0 . :

The simulated diurnal patterns of the concentrations and thé?IUded that on an annual basis, 70 % of total3\ trans

corresponding source areas of EC, sulfate, fresh POA an?orted into Paris from areas far away from it. PSAT estimated
SOA are shown in Fig. 8. The diurna;I averag,e profiles of EC as the average of two periods) that 80 % is transported. Both
the analysis of measurements and the PSAT simulations sug-

and fresh POA are quite similar, with a morning peak and re- . ;
d ap gest that more than 80 % of the sulfate is transported to Paris

veal that during the hours with the maximum concentrationf th Fig. 10). The t h . |
levels, the contribution of local emissions is higher. During rom other areas (Fig. 10). The two approaches are in excel-

winter the concentrations of secondary species such as su'lgm agreement during the winter, but PSAT analyzes a lower

fate and SOA are lower compared to summer because of th(éontribution of local emissions during the summer. The dis-
slower photochemistry. The diurnal profile of sulfate is al- crepancy is of the order of 0.2 ugthand could be the re-

most flat showing again that local emissions do not play ansUIt of underestlmatlng the effect of Iocql sources, as PM-
important role. CAMx underpredicts the average sulfate in the center of the

The seasonal changes in emissions, contribute to the dif,glty by the same amount (Fountoukls etal, 2.013) while it
not biased outside Paris. Also the local simulated con-

ferences in relative source contributions. These seasonat

changes are summarized in Table 1. However, this effect iéributions of OA are lower than those estimated by obser-

only part of the story as changes in transport patterns, resvations for both summer and winter. This underestimation

idence time of local emissions over Paris, removal, photo—Of local sources (almost 0.2 ugmfor summer and winter)

chemistry, etc., also affect the relative contributions of theCOUId be explained by the. behavior of fresh POA. Both the
different areas. measurement-based studies of Beekmann et al. (2014)_and
EC during winter is characterized by a little lower local Fhreutel et a;.P(Z(_)13) foargAthSt_almosg 62% (Xthe (?A md
Paris contributions and a little higher transport from mid- e c_enter ofFaris was (Primary Organic e_roso) an
range sources compared to summer (Fig. 9). The contribu(-:OOkIng OA and 38 % was oxygenated OA. The d|screpan_cy
tion of long range transport for sulfate is lower during winter between the measurements and the model can be explained

due to lower regional sulfate levels. During winter the contri- by the cooking emissions which have not been included in

butions of long range transport are lower, because PM comg_he PMCAMx inventory used in this study. Cooking was es-

ponents cannot travel long distances as they are removed by ated. by Bgekmann et al. (2014) to be a s_lgnlflcant Ioca_l
rain. ource in Paris. On the other hand the local simulated contri-

butions of EC are higher than the measured especially during
summer but the absolute discrepancies are of the order of
0.2 ug 12 for both summer and winter.

Healy et al. (2013) also calculated the local and trans-
ported PM into the center of the Paris based on observations

Comparison of PSAT results and observation-based
estimates
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Table 1. Emission densities for each source area during the simulated summer and winter periods.

EC Fresh POA Anthropogenic SOA Biogenic SOA SO,
(kg km~2) (kg km=2) precursors (kgkm?) | precursors (kg km?) (kg km~=2)
Summer  Winter| Summer  Winter| Summer Winter| Summer Winter| Summer  Winter
Local 9.7 12.6 5.6 13.4 298.9 366.8 136.9 22.8 11.2 47.2
Mid-range 5.7 7.9 6.9 10.2 133.7 123.8 309.3 24.3 26.2 36.1
Long range 1.2 0. 15 0.1 45.9 16.7 136.5 3.9 8.9 8.9
M Local M Transported M LOCAL M MDRANGE B LONG RANGE

100% -
90%
80%
70%
60%
50%
40%
30%
20%

3
PSAT T " psaT’ d’ PSAT " psAT ¥ d" psar d” psaT’
Summer Winter Summer Winter Summer Winter

Sulfate 0A EC 10%

Percentage Contribution from each area

0%
Fig. 10. Comparison of simulated and measured contributions of Zero-out  PSAT Zeroout  PSAT Zero-out  PSAT

local and regional sources for EC, sulfate and OA for the summer re Sulfate o

and winter periods. Fig. 11.Simulated contributions of emissions from different source

areas to EC, sulfate and OA concentrations during the summer in

) ) _Paris for the zero-out approach and PSAT.
during January—February 2010. PSAT predicts that during

the winter period the local contributions are 57 %, 17 % and

38% for EC, sulfate and OA, respectively, while Healy et the contributions of secondary species is unexpectedly good
al. (2013) estimated these contributions to be 59 %, 16 % angjiven the nonlinearity of the system. However, PSAT re-
24 %, respectively. Generally the predictions of the modelquires 5 times less CPU time than the brute force method
are in a good agreement with the estimates based on me#er these calculations and is more accurate.

surements and this agreement is encouraging for both ap-

proaches. _
6 Conclusions
5 Comparison with other source-receptor analysis In this study we implemented the PM source apportionment
methods algorithm PSAT together with the volatility basis set frame-

work for OA, in the megacity of Paris. This new version

We also used PMCAMXx-2008 (Fountoukis et al., 2011) to of PSAT is used to quantify the contributions from selected
analyze the contributions of each selected source area to Pidource areas to Paris fine PM mass concentrations for two
in Paris by zeroing out all the emissions (particles and gases)eriods, a summer and a winter month. The contribution of
from different areas around Paris. These areas were selectddcal sources (within 50 km from the center of the Paris) was
to be the same with those defined in PSAT simulations. Twofound to be around 60 % for EC during both periods. On the
additional simulations were performed: one zeroing out theother hand the concentrations of secondary PM components
emissions of Paris (local emissions) and one zeroing emiskke sulfate and SOA were dominated by long range and mid-
sions originating from areas that are outside of Paris but lessange transport, respectively. Long range transport was re-
than 500 km away from it. An additional simulation taking sponsible for 71% of the sulfate during summer and 51 %
into account only the boundary conditions was performedduring winter. For SOA during summer the contributions of
in order to calculate the impacts of the boundary conditionsmid- and long range transport were similar (45 % and 48 %
on the concentration levels considering them as long rangeespectively) while during winter long range transport domi-
transport. The results of these were combined with thosenates (81 %). During more polluted days the contribution of
of the base case simulation. Figure 11 compares the result®gional sources was simulated to increase slightly for all PM
of the two methods (brute force and PSAT) during summer.species.

There is good agreement between the two methods for both PSAT-simulated local contributions of EC are higher than
the primary and secondary components. This agreement dhose estimated by the observation-based method especially
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during summer (with local simulated being 64 % and ob- rain, Contemp. Econ. Policy, 16, 379-400, d6i1111/j.1465-
servation based 33 %) either indicating that the local emis- 7287.1998.th00527,2007.
sion sources of EC in Paris have been overestimated or thgtabada, J. C., Pandis, S. N., Subramanian, R., Robinson, A. L.,
the observation-based approach is biased low. On the other Polidori, A., and Turpin, B.: Estimating the secondary organic
hand the comparison between the simulated contributions aerosol Co_nt”bUtlon to Pl using the EC tracer method,
and those estimated based on measurements for sulfate &Aeros_‘)' Sci. Tech., 38, 140-155, 2004. . .
encouraging with simulated transported contribution being ™~ " Mian. Diehl, T., Ginoux, P., and Malm, W.: Intercontinental

. . . transport of pollution and dust aerosols: implications for regional
94 % during summer and 83 % during winter and the mea-

’ air quality, Atmos. Chem. Phys., 7, 5501-5517, #10i5194/acp-
sured 81 % and 84 %, respectively. Also OA mass was found  7.5501-20072007.

to be transported into Paris from regional sources, on averaggouvidat, F., Kim, Y., Sartelet, K., Seigneur, C., Marchand, N., and
89 % during summer and 62 % during winter and these re- Sciare, J.: Modeling secondary organic aerosol in an urban area:
sults are relatively consistent with the observation-based esti- application to Paris, France, Atmos. Chem. Phys., 13, 983-996,
mated values (80 % and 55 %, respectively). The dominance doi:10.5194/acp-13-983-20123013.
of the contribution of regional sources for secondary specie€rippa, M., DeCarlo, P. F., Slowik, J. G., Mohr, C., Heringa, M.
like sulfate and SOA for the center of Paris is the result of the F- Chirico, R., Poulain, L., Freutel, F., Sciare, J., Cozic, J., Di
time required to convert precursors to PM species. The con- Marco, C. F., Elsasser, M., Nicolas, J. B., Marchand, N., Abidi,
tribution of long range transport was found to increase as the E., W'Ed.ensomer.’ A., Drewnick, F., Schneider, J., ,BOArrmann’
particles were further oxidized. PSAT results were found to S. Nemitz, €., Zimmermann, R., Jaffrezo, J.-L., Prevot, A. S.
. . | . . H., and Baltensperger, U.: Wintertime aerosol chemical compo-
be in good agreement with those of different “annihilation”

. . ) o sition and source apportionment of the organic fraction in the
scenarios, but PSAT is more computationally efficient. metropolitan area of Paris, Atmos. Chem. Phys., 13, 961-981,

doi:10.5194/acp-13-961-2013013.
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