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Abstract. Urban areas are large sources of organic aerosold.4 ugnt3 at T0, 1.2 ugm? at T1 and 1.7 pgm® at PTP,

and their precursors. Nevertheless, the contributions of priare in reasonably good agreement with the corresponding
mary (POA) and secondary organic aerosol (SOA) to the obPMF analysis estimates based on the Aerosol Mass Spec-
served particulate matter levels have been difficult to quantrometer (AMS) observations of 4.5, 1.3, and 2.9 pigfrre-

tify. In this study the three-dimensional chemical transportspectively. The model reproduces reasonably well the av-
model PMCAMXx-2008 is used to investigate the temporal erage oxygenated OA (OOA) levels in TO (7.5 pgthpre-

and geographic variability of organic aerosol in the Mex- dicted versus 7.5 pgnf measured), in T1 (6.3 ugm pre-

ico City Metropolitan Area (MCMA) during the MILAGRO  dicted versus 4.6 pgni measured) and in PTP (6.6 ugh
campaign that took place in the spring of 2006. The or-predicted versus 5.9 pgT measured). The rest of the OA
ganic module of PMCAMx-2008 includes the recently de- mass (6.1 ug m® and 4.2 ugm?® in TO and T1 respectively)
veloped volatility basis-set framework in which both primary is assumed to originate from biomass burning activities and
and secondary organic components are assumed to be senis- introduced to the model as part of the boundary condi-
volatile and photochemically reactive and are distributed intions. Inside Mexico City (at TO), the locally-produced OA
logarithmically spaced volatility bins. The MCMA emis- is predicted to be on average 60 % locally-emitted primary
sion inventory is modified and the POA emissions are dis-(POA), 6 % semi-volatile (S-SOA) and intermediate volatile
tributed by volatility based on dilution experiments. The (I-SOA) organic aerosol, and 34 % traditional SOA from the
model predictions are compared with observations from fouroxidation of VOCs (V-SOA). The average contributions of
different types of sites, an urban (T0), a suburban (T1),the OA components to the locally-produced OA for the en-
a rural (T2), and an elevated site in Pico de Tres Padresire modelling domain are predicted to be 32 % POA, 10% S-
(PTP). The performance of the model in reproducing or-SOA and I-SOA, and 58 % V-SOA. The long range transport
ganic mass concentrations in these sites is encouragindrom biomass burning activities and other sources in Mexico
The average predicted RMrganic aerosol (OA) concen- is predicted to contribute on average almost as much as the
tration in TO, T1, and T2 is 18 ugm™, 11.7 pgnt3, and local sources during the MILAGRO period.

10.5 ug nv3 respectively, while the corresponding measured
values are 17.2ugm, 11pgm3, and 9ugm?3. The av-
erage predicted locally-emitted primary OA concentrations,1 |ntroduction

) The Mexico City Metropolitan Area (MCMA) is the largest
Correspondence tdS. N. Pandis megacity in North America and is one of the five largest cities
BY (spyros@chemeng.upatras.gr) in the world with over 20 million people living in an area of
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1500 knf. The MCMA has a history of severe air quality and secondary sources at similar magnitudes. Yu et al. (2009)
problems due to a large number of pollution sources with un-used the semi-empirical EC tracer method to derive primary
even levels of emission control, which can be further exacer-organic carbon (POC) and secondary organic carbon (SOC)
bated by the topography and meteorology of the basin. Theoncentrations. The majority of organic carbon particles at
tropical location (19N) and high altitude (2200 m above sea T1 and T2 were secondary (an average oft683/ % and
level) result in high UV radiation fluxes and intense photo- 67+ 12 % respectively). The geographic distribution of pho-
chemistry. The basin is surrounded by mountains on thredochemical age and CO was also examined by Kleinman et
sides, reducing ventilation of pollutants, especially at nightal. (2008), confirming that Mexico City is a major source re-
and in the early morning (Molina and Molina, 2002). gion for the area and that pollutants become more dilute and
Fine particulate matter (PM) is one of the most serious airaged as they are advected towards T1 and T2.
quality problems in Mexico City (Molina et al., 2007). Pollu-  Stone et al. (2008) used a chemical mass balance (CMB)
tion from megacities and large urban areas, such as MCMAmodel based on molecular marker species in order to deter-
is important not only for its local effects on health (Pope mine the relative contribution of major sources to ambient
and Dockery, 2006), visibility (Watson, 2002), and ecosys-organic carbon (OC). Motor vehicles, including diesel and
tems/crops (Bytnerowicz and Fenn, 1996), but also becausgasoline, consistently accounted for approximately 50 % of
of its potential influence on regional scale atmospheric chem-OC in the urban area and 32 % on the periphery. The daily
istry and radiative forcing. Organic species account for acontribution of BB to OC was highly variable, and ranged
large fraction of the fine aerosol mass at most locationsfrom 5-26 % at the urban site and 7-39 % at the peripheral
(Zhang et al., 2007) and are poorly understood. The MILA-site. The remaining OC unapportioned to primary sources
GRO (Megacity Initiative: Local and Global Research Ob- showed a strong correlation with water soluble OC (WSOC)
servations) field campaign, which took place during Marchand was considered to be secondary in nature. Yokelson et
2006, used multiple sites and mobile platforms to assess polal. (2007) also found high biomass burning emissions sug-
lutant emissions, and evolution in and around Mexico City gesting that the fires from forests near Mexico City could
(http://mce2.org/mcma20Q6providing a unique dataset to produce as much as 80-90 % of the primary fine particle
study the formation of organic aerosols.The MILAGRO field mass in the Mexico City area. The 310 % of the “aged”
experiment involved more than 400 researchers from ovefine particle mass in the March 2006 Mexico City outflow
120 institutions in the USA, Mexico, and several other coun-could be from these fires. Moreover, Crounse et al. (2009)
tries (Molina et al., 2010). The campaign included coordi- found that fires contribute more than half of the organic
nated aircraft and ground-based measurements supported lagrosol mass and submicron aerosol scattering. DeCarlo et
extensive modeling and satellite observations. Three mairal. (2010) reported that during periods of high forest fire in-
sites were chosen to characterize the transport and transfotensity near the basin, OA arising from open BB represents
mation of the pollutants carried from the urban area of thearound 65 % of the OA mass in the basin and contributes
city to its surroundings; one in the urban area of Mexico similarly to OA mass in the outflow. Aiken et al. (2010) es-
City, designated as TO and located in Northeast Mexico Citytimated that during the low regional fire periods, 38 % of OC
at the Instituto Mexicano del Petroleo (IMP), and the otherin the Mexico City center was from non-fossil sources, sug-
two, T1 and T2 were located, respectively at suburban andjesting the importance of urban and regional non-fossil car-
rural locations approximately 32 km and 63 km north of IMP bon sources other than the fires, such as food cooking and
respectively (Molina et al., 2010). regional biogenic SOA. They also showed that, by properly
During MILAGRO daily average Pls levels varied be-  accounting for the non-BB sources of K, the fires from the
tween 24-46ugme at the urban sites, 13-25ug at region near the MCMA are estimated to contribute 15-23 %
the rural sites, and were around 30 pughat the industrial  of the OA. Finally, De Gouw et al. (2009) investigated the di-
hotspot of Tula (Querol et al., 2008). Carbonaceous com-urnal variations of hydrocarbons, elemental carbon (EC) and
pounds accounted for a significant proportion of fine PM hydrocarbon-like organic aerosol (HOA) which were domi-
at the urban and industrial sites (around 50 %) and werenated by a high peak in the early morning. In comparison,
markedly decreased at the suburban and rural sites (30 %iurnal variations of species with secondary sources such as
(Querol et al., 2008). DeCarlo et al. (2008) measuredOOA and WSOC stayed relatively high in the afternoon in-
the concentration, size, and composition of non-refractorydicating strong photochemical formation.
submicron aerosol (NR-PM1) over Mexico City and cen- Chemical transport models (CTMs) that can accurately
tral Mexico with a High-Resolution Time-of-Flight Aerosol and efficiently describe the physical and chemical atmo-
Mass Spectrometer (HR-ToF-AMS). OA correlated strongly spheric transformations of pollutants have been also used
with CO and HCN indicating that anthropogenic pollution to estimate the chemical composition and the concentration
and biomass burning (BB) were the main OA sources. Aikenof the aerosols in the MCMA (e.g., Karydis et al., 2010;
et al. (2009) also used a HR-ToF-AMS to analyze submicronTsimpidi et al., 2010; Hodzic et al., 2009, 2010). Fast et
aerosols at the TO urban site. The major components of OAal. (2009) assessed the uncertainties in predicted POA during
were locally-emitted primary, biomass burning/woodsmoke MILAGRO before testing and evaluating the performance
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of secondary organic aerosol (SOA) treatments. Modelecand aqueous-phase chemistry of atmospheric compounds
POA was consistently lower than the measured OA at thgGaydos et al., 2007; Karydis et al., 2007). Following Tsim-
ground sites, which is consistent with the expectation thatpidi et al. (2010), a volatility distribution is applied to the
SOA should be a large fraction of the total organic matteremitted POA species with nine simulated volatility bins,
mass. Other studies have reported large discrepancies in thranging from 102 to 1P ug mi™3 saturation concentration
measured vs. modeled OOA mass concentrations in both urall effective saturation concentrations in the VBS are at
ban and regional polluted atmospheres (Heald et al., 2005298 K and 1 atm). This simulation also includes emissions of
de Gouw et al., 2005; Johnson et al., 2006; Volkamer et al.jntermediate volatility organic compounds (IVOCs), which
2006; Kleinman et al., 2008). Hodzic et al. (2009) found are distributed among the 4,010%, 1P, and 16 pg n3 sat-
fairly good agreement between predicted and observed POAration concentration bins with emissions rates equal to 0.3,
within the city but large discrepancies were encountered for0.4, 0.5, and 0.8 times the original non-volatile POA emis-
SOA, suggesting that less than 15 % of the observed SO/Aion rate, respectively. The gas-phase chemical mechanism
within the Mexico City can be explained by the oxidation of in use is based on SAPRC-99, that includes 56 gas-phase
the traditional SOA precursors. These results are in agreespecies (not including the gas- and particulate-phase organic
ment with the findings of Dzepina et al. (2009) where the species added for this study), 18 free radicals, and 211 reac-
traditional SOA precursors (mainly aromatics) by themselvestions (Carter, 2000). This mechanism is updated to include
failed to produce enough SOA to match the observations bygas-phase oxidation of S-SOA and I-SOA and V-SOA pre-
a factor of 7. Hodzic et al. (2010) applied the CHIMERE cursors. The number of species and reactions may vary from
model to estimate the potential contribution to SOA for- application to application (i.e. Farina et al., 2010; Shrivas-
mation of recently identified semi-volatile and intermediate tava et al., 2010) depending on the desired chemical resolu-
volatility organic precursors (Robinson et al., 2007) in andtion (number of size and volatility bins). SOA is split be-
around Mexico City. Their results showed a substantial entween aerosol formed from the condensation of the oxida-
hancement in predicted SOA concentrations (2—4 times) bothion products of the volatile organic compounds (V-SOA),
within and downwind of the city leading to much reduced intermediate volatile organic compounds (I-SOA), and semi-
discrepancies with the total OA measurements. volatile organic compounds (S-SOA). The V-SOA is simu-
Robinson et al. (2007) proposed two major amendments tdated with 4 volatility bins (1, 10, 100, 1000 pg™#), and
the current treatment of OA: (1) accounting for the volatility 10 size bins (diameters range from 0.04 to 40 um). [I-SOA
and gas particle partitioning of POA; and (2) explicit rep- and S-SOA are described with 9 volatility bins (£0-
resentation of gas-phase oxidation of all low-volatility va- 10°ugn23) and 10 size bins. The V-SOA yields used in
pors in SOA production mechanisms. These amendmentPMCAMx-2008 are based on the N@ependent stoichio-
were implemented in a 3D-CTM, PMCAMYX, resulting in the metric yields of Lane et al. (2008b). However, following
PMCAMx-2008 version (Lane et al., 2008a, b; Shrivastava etMurphy and Pandis (2009) and Tsimpidi et al. (2010), the
al., 2008; Murphy and Pandis, 2009). Tsimpidi et al. (2010) anthropogenic yields for the low-NOcase correspond to
applied PMCAMXx-2008 in MCMA during the MCMA-2003  the high-yield case investigated by Lane et al. (2008b). Re-
campaign (Molina et al., 2007), reducing significantly the cent laboratory studies (Ng et al., 2006; Hildebrandt et al.,
discrepancies between the measured and the modeled OO&009) have indicated that these higher yields are more ac-
However, that study was limited by the availability of organic curate so the yields used in this work have been calculated
aerosol measurements in only one site. by multiplying the experimentally determined volume con-
The current study is based on the insights of the work ofcentrations by a density of 1.5gcrh (Kostenidou et al.,
Tsimpidi et al. (2010) and its goal is to assess further the tem2007). The corresponding parameters affecting V-SOA, I-
poral and geographic variability of organic mass compoundsSOA, and S-SOA partitioning and removal processes, in-
during the 2006 MILAGRO campaign using PMCAMx- cluding effective Henry’s law constants, molecular weights
2008. The geographic variability of the OA concentration is and enthalpies of vaporization, are taken from Tsimpidi et
evaluated by comparing the model predictions against meaal. (2010). Further gas-phase oxidation of SOA vapors
surements taken at an urban site in Mexico City, two periph-(chemical aging) is modeled using a second-order reaction
eral sites located on the outskirts of the metropolitan areawith hydroxyl radicals. To express the decrease of volatil-
and an elevated site located at Pico de Tres Padres (PTPJy with aging, products of this reaction are shifted down
This study aims to improve our understanding of the forma-one volatility bin (factor of 10 reduction in effective satura-
tion pathways of organic aerosol in Mexico City. tion concentration). The base-case simulation ages S-SOA,
I-SOA and V-SOA from anthropogenic sources using a rate
constant (298 K) = 40x 10~ 2cm® molec s~ for S-SOA
2 Model description and I-SOA andk(298 K) =10x 10~ 2cm® molec1s? for
V-SOA. No bhiogenic SOA aging is simulated based on both
PMCAMXx-2008 simulates advection, dispersion, gas-phasehe available laboratory studies (Ng et al., 2006; Presto et
chemistry, emission, wet/dry deposition, aerosol dynamicsal., 2006) and the results of Lane et al. (2008a). Overall,

www.atmos-chem-phys.net/11/5153/2011/ Atmos. Chem. Phys., 11, 51682011



5156 A. P. Tsimpidi et al.: Sources and production of organic aerosol

Table 1. Organic compound emission rates (torisiy over the
modeling domain.

Organic compound Emission rate (tonskl
Anthropogenic VOCs 2572
Biogenic VOCs 954
Intermediate volatile compounds 217
Semi-volatile compounds 55

o Toluca defL erdo 7 T The emission inventory has been updated in order to include
o D\stmté*ﬁ}ede'ai > ! g / the anthropogenic emissions from the refinery, power plant
he s 2 Sy A and chemical companies in the Tula area located north of
5 2 - Mexico City (Fig. 1), the biogenic emissions from the forests
A0S PRt aie o located on the northeast part of the model domain, and a
semi-empirical HONO “source” (0.8 % of the N@missions
% 5 based on Aumont et al. (2003) and Li et al. (2010)). In order

Morelos' #s v H ™ . . . LT
to account for partltlonlng of primary organic emissions, the

Fig. 1. The modeling domain for the Mexico City Metropolitan em?ssion invgntqr)( was modified following the recommen-
Area during the MILAGRO campaign. Also shown, the locations dations of Tsimpidi et al. (2010). Table 1 shows the amount
of the monitoring stations during the Campaign_ of the emitted Organ|C material within the limits of the mod-

eling domain. Anthropogenic and biogenic VOC emissions
serve as anthropogenic and biogenic V-SOA precursors re-
the model, apart from the locally-emitted primary organic spectively. Semivolatile (SVOC; 18 < C* < 10%ug m3)
aerosols (POA), simulates three types of oxygenated organiprimary organic emissions partition between the aerosol and
aerosols based on the initial volatility of the correspondingthe gas phase. The material that remains in the aerosol phase
precursor compounds: S-SOA & 10%ugnr3), 1-SOA is locally-emitted POA while the gas phase material, which
(103 < C* < 10Pugm3), and V-SOA (C > 10°ugnm3). A is subsequently oxidized by OH, is considered as S-SOA pre-
more comprehensive description of the organic aerosol modeursor. Intermediate-volatility (IVOC; Bpgn3 < C* <
ule used by PMCAMXx-2008 can be found in Tsimpidi et 10fug n3) organic compounds exist largely in the gas phase
al. (2010), Murphy and Pandis (2009), Lane et al. (2008a,at typical atmospheric conditions and are important I-SOA
b), and Shrivastava et al. (2008). precursors as their oxidation can produce compounds with
lower vapour pressures. Overall, 65 % of the emitted POA
o is coming from mobile diesel sources with the rest emitted
3 Model application by mobile gasoline (15%), area (10%), and point (10 %)
This study uses PMCAMx-2008 to simulate March 2006 for Sources, |nd|cat|ng_that the modeled primary organic mass 1s
X ) ) : dominated by mobile sources. Anthropogenic SOA precur-
the Mexico City Metropolitan Area. The first three days of . . : )
. : R . sors are mainly emitted by area and mobile gasoline sources.
the simulation are used for initialization and are not included ; o . .
. . . Aromatic VOC emissions consist of 48 % vehicle exhaust
in the results presented here. The modeling domain covers

210x 210km region in the Mexico City Metropolitan Area &5% gasoline and 13 % diesel), 409% area, and 12.% point

. . X i . emission sources. The large fraction of mobile sources to
with 3 x 3 km grid resolution and fifteen vertical layers total- . . : . i
total emitted organic compounds is consistent with the re-

ing 6 km (Fig. 1). This is a much larger domain than that used ; .
S . : : sults of Stone et al. (2008). Moreover,0Mnschimmel et
by Tsimpidi et al. (2010) and includes the industrial area OfaI. (2010) identified vehicle exhaust as one of the principal

Tulato the nqrth of Mexpo City (Song etal., 2010). Inputs emission sources of VOCs, accounting for the 32 % (during
to the model include horizontal wind components, tempera-

. e night) to 62 % (during day) of the total measured VOC con-
ture, pressure, water vapor, vertical diffusivity, clouds, andcentration
rainfall; all created using the Weather Research and Forecast ’
(WRF) model.

3.1 Emission inventory

Cuautla £
O f
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3.2 Boundary conditions : — . ; 20

The values of the OA concentrations at the boundaries of the
domain, approximately 8 ugmd in the west, 11.5 ug e in | ¢ ogula

the east, 7 ugm? in the south and 5pgm? in the north- Ty W15
ern boundary, were chosen based on results of the GISS- i

II" global CTM for March (Racherla and Adams, 2006). f * eTeotihuacan

All concentrations in this paper are under ambient pressure Tolay ® Xalostoc - 110
and temperature conditions. These levels represent the av- cgns.i.uyemes“-”"e_“’e"

erage OA concentrations over the Central Mexican Plateau [ Pedregal * 11 Cenica

approximately 100 km outside Mexico City and should not gsantafng 5

be confused with the larger-scale background concentrations
of Mexico (reflecting concentrations over the lower to mid-
dle troposphere over the Pacific Ocean) of much less than
0.5pugnT3 (DeCarlo et al., 2008; Fast et al., 2009). 32 % - : ; 0

of the OA concentration at the boundaries of the domain

is assumed to be 0.04—-0.08 um in size, 24% is the 0.08Fig. 2. Predicted average ground level concentrations of 4
0.16 pm range, 20 % from 0.16 to 0.31 pm, 12 % from 0.31 to9anic mass (ug m?) during 4-30 March 2006.

0.625um, 8% from 0.625 to 1.25um, and 4% in the 1.25-

2.5 umrange. Because the biomass burning emissions are ngt . . .
H g 9 %e Tula industrial area (60 km to the north-northwest, in the

included in the current inventory, they are implicitly provided | .. .
to the model as a part of the boundary conditions. These reIH'da'go State). T1 was a suburban background site located

atively high boundary condition values are consistent with ?art?altjjn?rosrg knrqna.tgr tSrebgrc:r;h %mggtj&g%’ulﬂcﬁ;:ﬁ aslrsrg"
the findings of Yokelson et al. (2007) suggesting that thepopulated aggJIomerationsg%nd around 500 m from the clos-
fires in the mountainous forests around Mexico City (MC) est road. Data collected by the Aerodyne Mobile Labora-

could produce as much as 80-90 % of the primary fine parti- . .
. ory located on an elevated site of Pico de Tres Padres (PTP,
cle mass in the MC area. DeCarlo et al. (2010) reported tha 00 m above city ground), a mountain within the MCMA, are

OA arising from open BB represents around 65 % of the OA . L .
mass in the basin and contributes similarly to OA mass in thea\ISO used for comparisons of model predictions against OOA

outflow. Crounse et al. (2009) estimated that biomass burn? nd tHCf)ﬁ‘l; 1F:T_IF_1:S ,lA(I)\/IkSm r:?rréheast O;f‘Tr? ' andl 1t9 knt1. SOUt?'
ing contributed two thirds of the organic aerosol to the studyvl\{erslt ?AMS o Ce | tal 2\3’32 a kﬁ -trﬁso u I??hlmet-ho
area in March 2006. Subsequent atmospheric oxidation oI '9 (DeCarlo et al., ) while those at the gther

co-emitted hydrocarbons can yield low vapor pressure com- WO sites were compact time—of—flight vers_ions (Drewnick et
pounds that condense on the existing particulate forming secql" 2005) Wh'.Ch report un_|t mass resolution data. Detailed
ondary organic aerosol. Therefore, the organic mass transa_malyses anq mtgrcomp_ansons of the AMS data are reported
ported into the domain is assumed to be a mixture of aged pri'—n other Pubhcaﬂons (A|I.<en etal., 2010, 2009{ Herndon et

I., 2008; Yu et al., 2009; de Gouw et al., 2009; Wood et al.,

mary and secondary organic aerosols, and is referred to here- :
after as “long range transport oxygenated OA’ (LT-OOA). 010). The AMS spectra were analyzed with the PMF tech-

The model assumes that V-SOA, I-SOA and S-SOA form Jnique (Paatero and Tapper, 1994) as described by Ulbrich et

pseudo-ideal solution together with the LT-OOA, which are 3: 132?]09)1:3.?(: '?"gznv?lt ?l' (?009).nI:/Iorrec;ver thii T?:el pr(ra-
assumed to be non-reactive and nonvolatile, and therefore ctions of tota €re also compared against measure-

L : g . rhents at Rancho La Bisnaga, north of Tizayuca in the State
are allowed to partition into this pre-existing organic aerosol.Of Hidalgo (T2 site) which is a regional background site lo-

cated around 90 km to the north of the city of Mexico, in the
surroundings of a farm isolated from major urban agglomer-

To evaluate the model results for the OA components Withinations, and around 2 km from the closest road. In this site the
the city basin during March 2006 we used AMS measure-oc was measured by a Sunset Labs. OC/EC analyzer (Birch

: . nd Cary, 1996). Detailed analyses of the measurements and
ments of submicron aerosols collected at two supersites sgescri tion of the used instruments can be found in Doran
the Instituto Mexicano del Petroleo (designed as TO) an et al (2007) AMS measurements were not collected at this
Universidad Tecnologica de Tecamac (T1). The TO monitor—site r':md theréfore the model evaluation was limited to the to-
ing station was located to the northwestern part of the baSir%al OA comparison. The location of the monitor sites used is
of Mexico City. It is an urban background site influenced comp '
b : L . shown in Fig. 1.

y road traffic emissions (300 m from four major roads sur-
rounding it), domestic and residential emissions, but also po-
tentially influenced by local industrial emissions and from

3.3 Ground observations
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6 LS Teotihuacan | 116

T0 e *Xalostoc

i c " . oLa Merced
4 onstl'(;z;:t;:l e “Cenica | 4
*Santa Ana l
2 | 2
(a) Locally-emitted POA (b) Oxygenated OA ‘
O t — 1 i _j 0

Fig. 3. Average predicted PM(a) primary and(b) oxygenated organic aerosol concentrations (Hémat the ground level.

4 Overview of model predictions OOA. At T1 and T2, OOA corresponds to 60 % and 85 % of
locally-produced OA respectively. The domain-average con-

The predicted average ground-level concentration of BM trib.ution of O,OA to _Iocally-produced OA is 65,3 %. Obser-
ganic mass over the period of March 2006 is shown in Fig. 2.vational studies during the MILAGRO campaign also sup-

The organic mass peak values (approximately 20 p3m port the predicted spatial distribution of OOA. DeCarlo et
are in the center of Mexico City and in the Tula industrial &!- (2008) calculated the O/C atomic ratio for OA and found

area. The predicted organic mass concentration is the surft clear increase with photochemical age. Yu et al. (2009)

of the predicted concentration of primary organic aerosolsioUnd that the majority of organic carbon particles at T1 and

which have been emitted in the atmosphere as particleg—2 were secondary (an avergge_of;B&?% and 62 12%,
(locally-emitted POA) (Fig. 3a) and the predicted Concen_respectlvely). The geographic distribution of photochemical

trations of the oxygenated organic aerosol (Fig. 3b) that ha&d® and CO was also examined by Kleinman et al. (2008),

been created in the atmosphere through chemical reactiorR@Nfirming that Mexico City is a major source region for the
and corresponds to the sum of PMCAMx-2008 S-SOA, |- area and that pollutants become more dilute and aged as they

SOA, V-SOA, and LT-OOA. The primary organic aerosol &€ advected towards T1 and T2. Finally, V-SOA is predicted
concentration is high in the center of Mexico City and in © P& the dominant component of OOA (accounting for 84 %
Tula, while it decreases rapidly from its sources mainly due®f the locally produced OOA) as the emission rate of its pre-
to dilution and evaporation. As an example in the TO urban€Ursors (anthropogenic and biogenic VOCs) is more than ten
site the predicted average locally-emitted primary organictiMes higher than the I-VOC and S-VOC emission rate (Ta-
concentration is 4.4 ugn? while in the T1 suburban site ble 1). I-SOA concentration (3% of OOA) is lower than the

it decreases to 1.2 ugm and in the T2 rural site is lower S-SOA (13 % of OOA) as the saturation concentration of its

. 3 .
than 1pgm3. These results are consistent with the find- PFeCUrsors is between i@nd 16ug n° and requires a few

ings of Querol et al. (2008) where carbonaceous COmpoundgenerations of aging before its volatility is reduced enough

accounted for a significant proportion of fine PM at the ur- 1© allow its partitioning into the particulate phase.

ban and industrial sites (around 50 %) and were markedly

decreased at the suburban and rural sites (30 %). On the con-

trary, the predicted oxygenated organic aerosol concentratiob Model performance evaluation

has a relatively more uniform spatial distribution with high

values in the entire domain (Fig. 3b). The highest values arélhe results of the comparison of model predictions with the
predicted in the center of Mexico City (up to 7.5 ug#, OA observations are depicted in Figs. 4 and 5. The model
coming mainly from anthropogenic sources, and in the north-does a reasonable job most of the time reproducing the ob-
east corner of the domain, mainly from biogenic sources. Inservations in TO, which is located in the urban center of Mex-
the suburban and rural areas, such as T1 and T2, the predictécb City (Fig. 4a). Nevertheless, the model is missing a few
oxygenated OA is also high, with concentrations aroundmajor spikes which appear early in the morning such as dur-
6 ugnT 3. Anthropogenic V-SOA, I-SOA, and S-SOA, are ing the 11th, 18th, and 21st of the month and are associated
predicted to be more photochemically processed and leswith biomass burning events (Aiken et al., 2009). Therefore,
volatile downwind of the Mexico City center. In particular these underpredictions are related to the emission inventory
at TO locally-produced OA consists of 60 % POA and 40 % currently used, which does not contain temporally variable
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Fig. 5. Comparison of predicted hourly average OA concentrations

40 - against observational data from TO, T1, and T2 measurement sites.
s Ba] ORI RcGIed ©T2 Also shown are the 1:H-30 %, and+=50 % lines.
E 201
? 25
g2 model is able to reproduce the measured values within a few
g 12 " pg n3 most of the time with concentrations ranging from
g o I\ 7 to 20 pug nT3. Nevertheless PMCAMx-2008 underpredicts
= N the organic mass during the period from the 18th to the 20th
o 0 . r r r . . . . . r r r . . . . . r .
10 1 12 13 14 15 16 17 18 10 20 21 22 53 24 55 56 27 28 29 of_ the _mon_th. These are the days with the most favorable
Days (March 2006) wind directions for TO-T1-T2 transport (Fast et al., 2007).

The analysis of the measurements suggests that the organic
Fig. 4. Comparison of model predictions with hourly measurementsmass produced in Mexico City center during the morning of
for total PMy organic mass concentration taken during the MILA- 18th was transported to the north and appeared in T1 dur-
GRO campaign in March 2006 ) TO (urban site)(b) T1 (sub-  jng the afternoon of the same day. On the other hand, the
urban site), angc) T2 (rural site). predictions in T1 show a reduction in organic mass during

that day indicating inaccuracies by the meteorological simu-

lations during this period. Errors in these inputs to PMCAMx
biomass burning emissions. These emissions are provided t@sult in corresponding problems in its predictions. Overall,
the model through the boundary conditions which are time-the OA predictions at T1 are within 50 % of the measure-
independent. Both measurements and predictions thoughments for 82 % of the data points and within 30 % for 51 %
suggest that organic mass has a high variation during thef the time (Fig. 5).
day. Organic mass concentrations are almost always higher |n the rural site T2 both the measured and predicted av-
than 10 ugm?3, while during morning hours often exceed erage OA concentrations are approximately 10-20 % lower
25 g 3. Furthermore, the average predicted FMA con-  than the corresponding values at T1 (Fig. 4c). Given the dilu-
centration in PTP, which is located 10km northeast of TO,tion expected during the transport of Mexico City originating
is 13.6ug M3 while the corresponding measured value is OA between the two sites, this small decrease in OA concen-
10pg n3. Overall, the OA predictions at TO are within trations is rather surprising. According to PMCAMX it re-
50 % of the measurements for 57 % of the data points andlects the ongoing generation of OOA and the importance of
within 30 % for 41 % of the time (Fig. 5). regional sources in this region. The dynamic range of OA in

In T1, which is a suburban site, the variation of organic T2 is less than in T1. Overall, the model behavior is satisfac-

mass concentrations is smaller than and not as regular as itory on average but it cannot reproduce the daily variations
TO (Fig. 4b). Most of this mass is coming from other areasof organic mass accurately. T2 is close to the north bound-
and therefore depends mostly on the weather conditions. Thary of the model domain and given that the used boundary
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site. Overall, the OA predictions at T2 are within 50 % of the

measurements for 64 % of the data points and within 30 %

for 37 % of the time (Fig. 5). Fig. 7. Comparison of model diurnal predictions with hourly mea-
The biogenic V-SOA PMCAMXx predictions tend to be a surements for total PM organic aerosols against measurements

little lower than the Stone et al. (2010) measurement-basethken during the MILAGRO campaign in March 200§a) TO (ur-

estimates of biogenic SOA at TO and T1. The simulated bio-ban site){b) T1 (suburban site), an@) T2 (rural site).

genic V-SOA concentrations range from 0.1 to 1.1 gg'm

at TO and from 0.1 to 1.4 ugn? at T1. The measurement-

based estimates range from 0.4 to 1.8 iGmt TO and from ing morning, related to the primary emissions, and a second
0.4 to 2.2ugm?3 at T1. Some of the difference could be less pronounced peak in the afternoon, mainly due to pho-

explained by biogenic SOA transported into the domain bytochemical processes. The same peak_s appear in the diurnal
elsewhere and not resolved by the model. These resultBrofile of OA at the suburban site T1 (Fig. 7b), the levels of

suggest that biogenic SOA levels in the Mexico City region Which are smaller compared to those ?n the TO sitg. The first
are far from negligible. In particular, the relative contribu- P&2KiS related to the local sources while the peak in the after-

tion of locally-produced biogenic V-SOA to total OA is pre- noon is caused by the OA which was trans_ported_there from
dicted to be up to 15 % north of Mexico City (Fig. 6). The the urban center and the local photochemistry. Finally, both
PMCAMx-predicted contribution of locally-produced bio- the measured and the predicted organic mass at the rural site

genic V-SOA to locally-produced total SOA (sum of V-SOA, T2 (Fig. 7c), increase slightly late in the afternoon mainly
I-SOA, and S-SOA) is 20-30% within the city and up to due to transport of emissions and also photochemistry. As

70 % at the surrounding areas. Hodzic et al. (2009) estimate§*P€cted, there is no morning peak, given the absence of lo-
the relative contribution of biogenic SOA to the predicted @l sources in the area around and immediately upwind of T2.

monthly levels of SOA, to be more than 30 % at the city cen-
ter and up to 65 % at the regional scale.

hours

5.2 Comparison with PMF analysis

The AMS spectra were analyzed with the PMF technique
(Paatero and Tapper, 1994) as described by Ulbrich et
The predicted and measured diurnal average OA Concentraql' (2009) anpl Aiken et al. (20(.)9) separ_atmg total organic
tion profiles at TO, T1, and T2 sites during MILAGRO are de- aerosol (OA) into h)_/d_rocarbon-l!ke organic aerosol (HOA, a
) _ POA surrogate), oxidized organic aerosol (OOA, a surrogate
picted in Fig. 7. These averages depend less onthe daytod Y, SOA) and biomass burning organic aerosol (BBOA) for

variability of the meteorology and the emissions and more oMty T1 and PTP. This specification allows a more in-depth

the major processes affecting the OA concentrations. In a”evaluation of modeled OA components as they have different

cases, the model predictions are in agreement within expert-emporal emission and formation patterns.

imental error with the measurements. The diurnal profile at
the urban site TO (Fig. 7a) has two peaks; the major one dur-

5.1 Diurnal average profiles
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HOA appears to have the AMS mass spectral fingerprint ~ 20
for primary combustion particles from urban sources, and § :’;mg:‘h;’)ﬁm" R— (a) TO
also includes particles from other relatively reduced sources g =7 i
such as meat cooking and trash (plastic) burning (Mohr et £ 1o
al., 2009). Therefore the AMS locally-emitted HOA can
be compared with the PMCAMx-2008 POA which is the
fraction of the emissions that is in the aerosol phase with- * ¢ b—— —
out having undergone any chemical reactions (Fig. 8). At e -
TO, PMCAMXx-2008 successfully reproduces the observed
HOA variation characterized by an early morning peak as- <

5

PM, Conce

3
N
o

sociated with traffic (Fig. 8a). These results are in accor- §157 :’Qﬂii&ocany_emmed POA (b T1
dance with the findings of De Gouw et al. (2009) who in- §

vestigated the diurnal variation of hydrocarbons, elemental % 10

carbon (EC) and hydrocarbon-like organic aerosol (HOA) £ 5 |

which were also dominated by a high peak in the early morn- ;’" |

ing. Both, the average predicted POA concentration and the™ o ———————————= _
AMS-HOA concentration during March 2006 at TO are close W SRR B e R e LIS

to 4.5 ug nT3. The agreement is still reasonable at T1 where
the average POA and AMS-HOA concentrations are approx-Z ® T _avenon
imately 1.3 ugm3. However the predicted morning POA | —PMCANX ocally-emitied POA (©PTP
peaks 2 h later than observed (Fig. 8b). At PTP, larger dis-g
crepancies between observed and modeled POA values arz
found. The average predicted POA concentration during§ 5 |
March 2006 is 1.7 ug m? while the PMF analysis resulted z M
in 2.9ugnT> HOA during the same period. The predicted — * =i Sm e e m e T,
morning POA peaks 2 h earlier than observed (Fig. 7c). The Hours
late arrival of the measured pollutants over the elevated PTP
site is associated with the growth of the PBL above 900 mFig. 8. Comparison of model episode average diurnal predictions
(station’s altitude). Therefore, this discrepancy suggests pofor PM; locally-emitted primary organic aerosols against AMS-
tential problems in describing the vertical mixing in the com- HOA taken during the MILAGRO campaign in 4-30 of March 2006
plex terrain around PTP in the early morning hours. at(a) 70, (b) T2 and(c) PTP.

OOA often contains a more volatile and less processed
oxygenated OA fraction which shows high correlation with
photochemical products such as, @y, glyoxal, and am-
monium nitrate (Volkamer et al., 2006, 2007; Aiken et al.,
2008; Lanz et al., 2007; Ulbrich et al., 2009; Dzepina et
al., 2009). However, a significant fraction of the OOA con-
sists of more oxygenated organics (Aiken et al., 2008) which
are assumed here to have initially formed far from Mexico

(Mg

10 1

genated organic aerosol values and their associated variabil-
ity range are in reasonable agreement with the observed ones.
Both predicted and observed OOA levels gradually decrease
downwind of the city with monthly average concentrations
ranging from 7.5 ug m3 at TO to 6.3 ug m=® and 4.6 ug m3

at T1 respectively. At TO and PTP the predicted formation

. : . of OOA during the early morning hours is not as rapid as the
City. Therefore, the AMS OOA is compared with the sum of PMF estimates. This discrepancy can be partially attributed

chie TM(;AI\r/Ix—Zr?tOStﬁ—SOA;; I'?iOAr; V}SC\)/A; and oll_iT_rgciA.r to the predicted OH levels as they are slightly underestimated

lgure 9 presents the comparison ot average diurnat p 0during early morning even though they are reasonably repro-
files of predicted oxygenated organic components and theduced by the model during the rest of the day (not shown). A
PMF-estimated OOA at the 3 locations, TO, T1 and PTP. )

The shape of the OOA diurnal profile features a strong en_sensmwty study to the HONO emissions used by the model

hancement in concentrations during the mornin associate§See Sect. 6) suggests that the HONO production and emis-
i . : gu 9, ions are relatively important for the production of OH and
with an active photochemical production of oxygenated or-

ganic aerosols close to the emissions (i.e. TO, PTP), and higf?OA in the early morning. The comparison at T1 and PTP
suggests a model tendency to overpredict OOA concentra-

concentrations until afternoon. In comparison, De Gouw ettion during early afternoon. At PTP the average monthly pre-
al. (2009) also found that species with secondary source g y . 9 yPp

: S Bicted OOA concentration is 6.6 pgthwhile the PMF anal-
such as.OQA gnd WSOC stayed rellat|vely h|gh in the af'ysis resulted in 5.9 pg i OOA on average during the same
ternoon indicating strong photochemical formation. The di-

urnal variability is less pronounced at the peripheral T1 sta-perIOd' Figures 8 and 9 do not include the BBOA and there-

. . ; . fore their sum does not correspond to the total predicted OA.
tion and displays a more gradual increase of concentrations

during the day. Figure 9 confirms that the predicted oxy-
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KLY [l the boundary conditions). There is a good chance that all
g 5 of them are at least partially true. Cloud processes proba-
;1 . bly had a small effect on locally produced OA because both
= SR B EE.E B (T TS AE T (R 55 of the low cloud cover during the study and the spatial and

Hours temporal scales involved in this process for an urban area.

Clouds could have been involved of course in the formation
of OA transported into the city from outside the modeling
domain. The role of glyoxal and methylglyoxal in OA pro-
duction in this episode has been recently investigated by Li
et al. (2011). They reported a relatively small contribution
(10% of the SOA inside the city and 4 % outside) which
would not affect our results significantly. We believe that
Overall, the predicted chemical composition of OA is gen- the oligomerization effects are probably indirectly included
erally consistent with the PMF analysis results. However,in our aging mechanism.
PMCAMXx-2008 tends to predict higher oxygenated OA than
the PMF analysis. Given that the AMS PMF results are
also subject to error this comparison of the predictions of6 Sensitivity analysis
these two methods is quite encouraging. Future simulations
though, should use a larger domain along with an accuraté&Jncertain inputs for the organic aerosol module include the
biomass burning emission inventory in order to increase thevolatility distribution for the organic aerosol emissions and
precision not only of the estimated BBOA but also of the the rate constant used for the aging reactions of SOA va-
SOA produced from fire emitted VOCs, I-VOCs, and S- pors with hydroxyl radicals. A simulation based on a low
VOCs. Moreover, this study does not estimate explicitly theemissions’ volatility case, where the emissions in the low
formation of SOA from very volatile precursors such as gly- volatility bins (C:10~%-1CPug ni3) are doubled and the
oxal (Volkamer et al., 2007; Ng et al., 2008). Finally, aque- emissions in the high volatility bins are set to 0, was con-
ous phase reactions in clouds (Warneck, 2003; Lim et al.ducted in order to investigate the sensitivity of the model
2005; Liu et al., 2009) and the oligomerization processespredictions to changes on the volatility distribution of the
of particle-phase semivolatile material (Jang et al., 2002;0A emissions. Using the low volatility distribution, the par-
Kalberer et al., 2004; linuma et al., 2004) that can lead totition of the emissions favors the particulate phase. In this
continued SOA growth are also not taken into account. Thereease, PMCAMX predicts that the locally-emitted POA (emis-
are several potential explanations for this result. The first issions that did not undergo any chemical reaction) is two
that these formation pathways were not major OA sourcegimes higher than using the base case distribution (Fig. 10).
during the study period. The second is that their effectsin particular, POA increases from 4.4 ug#to 8.5 ug nrs
are indirectly included in our parameterization of the pro- at TO, from 1.2ugm?® to 2.2ugn3 at T1, and from
duction of SOA and its subsequent aging. The third one is0.25ugm? to 0.5ugm3 at T2. The corresponding mea-
that other sources are overestimated in the model (especiallyurements were 4.5ugm at TO and 1.3pgm® at T1.

Fig. 9. Comparison of model episode average diurnal predictions
for PM1 oxygenated organic aerosols (sum of LT-OO0A, V-SOA, |-
SOA, and S-SOA) against AMS-OOA taken during the MILAGRO
campaign in 4-30 March 2006 &) TO, (b) T1 and(c) PTP.

Atmos. Chem. Phys., 11, 5153168 2011 www.atmos-chem-phys.net/11/5153/2011/



A. P. Tsimpidi et al.: Sources and production of organic aerosol 5163

m=S-SO0A
| m=i-soa
=3V-S0A
CILT-00A

1 —Awms-ooa

TO

3

PM, Concentration (ug m-)
S

0

123 456 7 8 9 10 111213141516 17 18 19 20 21 22 23 24

Hours
Fig. 12. Comparison of model episode average diurnal predictions
in high aging reaction case for RMbxygenated organic aerosols

(sum of LT-O0A, V-SOA, I-SOA, and S-SOA) against AMS-OOA
taken during the MILAGRO campaign in 4-30 March 2006 at TO.

n
o

Fig. 11. Predicted increase in ground-level concentrations a :f“cl'“j_i”g:g’:gEEm_i“_i"”S TO0
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k(298 K)=10x 10~ 11 cm3 molec 1 s for S-SOA, I-SOA and V- g

SOA aging reactions. £ 1 ‘_—_A\
=

These discrepancies between the two simulations indicate® o
that the assumed volatility distribution of the emissions has
a significant impact on the predicted POA concentrations.
Using the low volatility distribution, the model significantly Fig. 13. Comparison of model episode average diurnal predictions
overpredicts the HOA concentrations at TO and T1, indicat-for PM; oxygenated organic aerosols at TO using an emission inven-
ing that the base case distribution is more appropriate for théory with HONO emissions (red line) and without HONO emissions
description of the primary organic aerosols in the Mexico (blue line).
City Basin.

The sensitivity of the predicted OOA to the aging reaction
constant was investigated by using a rate constant equal tele for 3% and 10 % of the predicted OOA in the Mexico
k(298 K)=10x10 M cm*molects! for S-SOA, I-SOA  City center and the Tula area respectively. Nevertheless, the
and V-SOA. The higher oxidation constant used resulted inHONO emissions and formation appeared to be relatively
higher OOA concentrations by 20 % in Mexico City and Tula important for the early morning production of the OOA in
vicinity (Fig. 11). At TO, OOA increased from 7.5 ugtto the center of Mexico City as it photodissociates upon sunrise
9.1 pg m 3 resulting in an overprediction of OOA, compared 10 inject a pulse of OH into the early morning atmosphere.
to PMF analysis results, during the afternoon (Fig. 12). ThisAt TO, the model, taking into account the HONO emissions,
increase is due more to increased S-SOA and I-SOA levelpredicts that the formation of OOA starts to be significant
(three times higher concentrations than the base case) ard 7 a.m., while excluding these emissions, the formation of
less at V-SOA (increased by 10 %). At TO, the fraction of bio- OOA is delayed for one hour and starts at 8a.m. (Fig. 13).
genic to total locally-produced V-SOA is approximately 20— The increase of the predicted OOA during 7a.m. to 12 p.m.
30 %. Therefore this small increase on V-SOA concentrationafter the inclusion of HONO to the emission inventory is
is attributed more to the low sensitivity of V-SOA to the aging 25 % on average at TO.
rate than to the levels of the biogenic V-SOA in the domain. The sensitivity of the results to the boundary conditions
Moreover, this result suggests that the potential of the I-VOCof OA and the corresponding long range transport was also
and S-VOC to form SOA is high and the rate constant of theirtested. A 50% reduction of the OA boundary conditions
photochemical aging is quite important. Nevertheless, the Sresulted in an almost linear response of the background or-
SOA and I-SOA are only a small portion of the predicted ganic concentration, which is not surprising since this OA
locally-produced OA (5-10%) in MCMA. Therefore, even is assumed to be non-reactive and nonvolatile. The influ-
if their concentration tripled after using the higher oxidation ence of the long range transport concentration remains sig-
constant, the locally-produced OA increased by 15 % at TO. nificant for the low boundary condition case as it represents

To examine the effect of the HONO emissions used in thisapproximately 20 % of the total organic aerosol concentra-
application (as discussed in Sect. 3) on the predicted OOAtion at Mexico City center. Figure 14 shows the comparison
a simulation excluding these emissions was conducted. Theetween the measured and the predicted total organic mass
results of this sensitivity analyses indicate that the inclusionconcentrations at TO, T1, and T2 for lower boundary condi-
of HONO to the emissions inventory is indirectly responsi- tions during March 2006. In this case, the model tends to

1 2 3 4 5 6 7 8 9 10 111213 14 1516 17 18 19 20 21 22 23 24
Hours
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7 Conclusions
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In this work PMCAMXx-2008, which accounts for volatil-

ity partitioning and aging of primary and secondary organic
aerosols, was applied in the Mexico City Metropolitan Area
during the MILAGRO-2006 campaign. The model perfor-
mance was evaluated against measurements from four differ-
ent types of sites, an urban site (T0), a suburban site (T1), a
T A A AP YA A g T . L g e rural site (T2), and an elevated site (PTP). The model predic-
Days (March 2006) tions are compared with PMF analysis of AMS observations
taken at TO, T1, and PTP sites and with hourly measurements
{ —Measured —Predicted (Low OA transport case) () T1 taken at TO, T1, and T2 sites during the MILAGRO 2006
campaign.

The highest concentration of OM is predicted to be in
Mexico City urban center and in the Tula area (approxi-
mately 20 ugm3). The OA concentration decreases with
distance from its source areas due to dilution and evapo-
ration. At TO, total OA consists of 4.4 ugm POA and
7.5ugnT3 OOA while at T1 the contribution of POA and
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Days (March 2006) OOA to total OA is 1.2 pg m? and 6.3 ug m® respectively.
40 The rest of the OA mass (6.1 pgtand 4.2 ugm?3 in TO
i SSNERE S e @12 and T1 respectively) is assumed to originate from biomass

w
Q
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burning activities. High oxygenated OA concentrations are
predicted for a significant part of the domain. In partic-
ular at TO locally-produced OA consists of 60 % locally-
emitted POA and 40 % locally-produced OOA. At T1 and
T2, OOA corresponds to 60 % and 85 % of locally-produced
OA respectively. The domain-average contribution of OOA
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 to Ioca"y_prOduced OA iS 68% The hlgheSt OOA Val_
Days (March 2006) ues are predicted in and around Mexico City center (anthro-
pogenic sources) and in the northeast of the domain (biogenic
Fig. 14. Comparison of model predictions in the low boundary con- sources). V-SOA is predicted to be the dominant compo-
ditions fa?_e wtithkhozrly'met?]su'\r/lelrl_n:gt;(;or tota'l_PfMgaR/ilc mr?szsé o6 "ent of OOA (accounting for 84 % of the locally-produced
concentration taken during the campaign in Marci .
at(a) TO (urban site)(b) T1 (suburban site), an) T2 (rural site) OOfOOAC))L‘;”OW'ng by S-SOA (13 % of OOA) and I-SOA (3%
on ground level. ) ) . . . .
The model is doing a reasonable job most of the time in
all measurement sites (TO, T1, and T2). Overall, the OA pre-
underpredict the observed OA on 18-21 March in all threedictions are within 50% of the measurements for 68 % of

sites, while the agreement improves for 24-29 March. Dur-the data points and within 30 % for 44 % of the time. The
ing the first period, high biomass activities were observed,comparison of observed and predicted OA diurnal profiles
while during the latter, the fire emissions were the lowestfor March 2006 shows that the model reproduces the grad-
of the month. Therefore, each set of boundary conditionsUal increase in OA concentrations during the day caused by
performs better in different time periods, and an accurate?oth early morning primary emissions and the increase of
biomass burning emission inventory is necessary, or at leasSOA concentrations starting at sunrise. At the TO site, both
the boundary conditions should be variable in time. Over-measurements and predictions suggest that organic mass has
all, the model using the base case boundary conditions sét high variation during the day. This is not the case at the
has a better performance in all three measurement sites thaht suburban site and especially at the T2 rural site. Most
using the lower boundary conditions set. In particular, the©f the locally-produced organic mass at these sites is com-
base case set results in an overprediction of OM with meadnd from the urban center and its concentration is depending
bias 1.9 ugms3, 0.8 ugnT3, and 1.5pgm? at TO, T1, and ~ More on the weather conditions than on the local emissions
T2 sites respectively. On the other hand, the lower boundand photochemistry. Therefore, errors in the meteorologi-

ary conditions set underpredicts the OM with mean biascal fields used by the model can lead to discrepancies be-
—2.3pugnr3, —3.5ugnT3, and—2.7ugnr3 at TO, T1, and  tween the predicted and the observed organic mass at these

T2 sites respectively. peripheral sites. The use of the same emission inventory for
every weekday and time independent boundary conditions

o
L
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