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Abstract. A simplified parameterization for secondary or- reasonably tested in and applied to other regions. The evolu-
ganic aerosol (SOA) formation in polluted air and biomasstion of oxygen-to-carbon ratio was also empirically modeled
burning smoke is tested and optimized in this work, to- and the predicted levels were found to be in reasonable agree-
wards the goal of a computationally inexpensive methodment with observations. The potential enhancement of bio-
to calculate pollution and biomass burning SOA mass andgenic SOA by anthropogenic pollution, which has been sug-
hygroscopicity in global and climate models. A regional gested to play a major role in global SOA formation, is also
chemistry-transport model is used as the testbed for the paested using two simple parameterizations. Our results sug-
rameterization, which is compared against observations frongest that the pollution enhancement of biogenic SOA could
the Mexico City metropolitan area during the MILAGRO provide additional SOA, but does not however explain the
2006 field experiment. The empirical parameterization isconcentrations or the spatial and temporal variations of mea-
based on the observed proportionality of SOA concentrasured SOA mass in the vicinity of Mexico City, which ap-
tions to excess CO and photochemical age of the airmasgpears to be controlled by anthropogenic sources. The contri-
The approach consists in emitting an organic gas as lumpefution of the biomass burning to the predicted SOA is less
SOA precursor surrogate proportional to anthropogenic orthan 10 % during the studied period.

biomass burning CO emissions according to the observed
ratio between SOA and CO in aged air, and reacting this

surrogate with OH into a single non-volatile species that] |ntroduction

condenses to form SOA. An emission factor of 0.089g of

the lumped SOA precursor perg of CO and a rate con-The representation of sources and formation processes of or-
stant with OH of 1.25¢ 10~ cm®molecule* s~ repro-  ganic aerosols (OA) in chemistry and climate models is cur-
duce the observed average SOA mass within 30 % in the urrently highly uncertain. This leads to inaccurate estimates
ban area and downwind. When a 2.5 times slower rate is usedf OA mass and the radiative forcing associated with atmo-
(5 x 10-2cm® molecule'! s71) the predicted SOA amount  spheric aerosols (Kiehl, 2007), as well as the difficulty to dis-
and temporal evolution is nearly identical to the results ob-tinguish between naturally and anthropogenically controlled
tained with SOA formation from semi-volatile and inter- OA (Carlton et al., 2010; Hoyle et al., 2011). Accurate pre-
mediate volatility primary organic vapors according to the dictions of OA mass and its sources are key to predicting
Robinson et al. (2007) formulation. Our simplified method aerosol evolution and radiative forcing under future climate
has the advantage of being much less computationally experand emission scenarios. OA is composed of a mixture of pri-
sive than Robinson-type methods, and can be used in regionsary emitted organic matter (POA) and secondary organic
where the emissions of SOA precursors are not yet availableaerosols (SOA) formed by gas-to-particle conversion. The
As the aged SOAXCO ratios are rather consistent globally spatio-temporal distribution of OA concentrations depends
for anthropogenic pollution, this parameterization could beon their primary emission sources, atmospheric transport and
mixing, chemical processing, and removal by deposition.
While significant uncertainties exist at all levels of OA pro-

@ @ Correspondence toA. Hodzic cessing, the largest unknowns reside in the representation of
~ (alma@ucar.edu) the formation and ageing of SOA (Hallquist et al., 2009).
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Comparisons with data from recently developed fast in- To remove the influence of background (long range trans-
strumentation have confirmed the tendency of models tgort) CO, it is common to considekCO as the measured
greatly underpredict the levels of SOA formed in urban CO minus the CO background. As CO and POA have
plumes when only the SOA formation from volatile or- similar or generally collocated emission sources, their ra-
ganic compounds (VOCSs) is considered (e.g. de Gouw etio (POA/ACO) is relatively constant when averaged over a
al., 2005; Dzepina et al., 2009; Hodzic et al., 2009; Shri-source region, and can be estimated from ambient measure-
vastava et al., 2010; Lee-Taylor et al., 2011). Hodzic ments. The continuing good correlation between OA and CO
et al. (2009) estimated the missing SOA mass productiorand the large measured increase in @80 ratios down-
as ~20tonsday? in the Mexico City afternoon boundary wind of urban areas can then be attributed to the rapid growth
layer when using a traditional SOA model. Implementing of secondary organic aerosols due to anthropogenic pollu-
SOA formation from primary semi-volatile and intermediate tion. de Gouw and Jimenez (2009), DeCarlo et al. (2010),
volatility species through the volatility basis set formalism and Cubison et al. (2011) summarize the observedXWXd
(VBS, Robinson et al., 2007; Grieshop et al., 2009) substanenhancement ratios from studies at multiple worldwide lo-
tially increases the predicted SOA to levels similar to thosecations for fresh and aged urban and biomass burning emis-
observed (Dzepina et al., 2009; Hodzic et al., 2010a; Shrivassions. Urban POAXCO ratios were found to range from 5—
tava et al., 2010). However, substantial uncertainties persist2 pg nt3 ppmv-1, with the lower values likely to be more
in terms of the identity and sources of the SOA precursorscorrect as the higher values may have some SOA contami-
and the mechanism parameters, as well as on the influence ofation (de Gouw and Jimenez, 2009). Total @&/ ratios
other proposed SOA formation mechanisms (e.g. Hodzic etn aged urban air are systematically higher than those mea-
al., 2010a). In particular, the VBS approach requires addingsured in the source region by about an order-of-magnitude.
the emissions of primary organic vapors as they are not in\Mery similar OA/ACO evolution and asymptotic levels rang-
cluded in current inventories. For Mexico City, this missing ing from 50-110 pg m3 ppmv—1 in aged air were found for
mass was added to models as 7.5 times the emissions of POarious polluted locations in the Northeast US, Central Mex-
(Dzepina et al., 2009; Tsimpidi et al., 2010; Hodzic et al., ico, Tokyo and the Po Valley. In plumes influenced by
2010a). This emission amount is considerable and highly unbiomass burning, POACO ratios are initially much higher
certain although it is the main driver for the predicted SOA (50240 ug m?3 ppmv-1) than for urban airmasses, and net
mass. In addition, the full VBS approach is computation- OA/ACO enhancement during aging appears to vary from a
ally very costly, as it requires keeping track of organic vaporsmall reduction to a gain comparable to the POA emissions
and particle-phase species over 9 volatility bins and multi-(de Gouw and Jimenez, 2009; Yokelson et al., 2009; Cubison
ple particle size bins commonly used to represent the aerosadt al., 2011). For example in the forest fires that dominated
size distribution. A reduced VBS approach has been recentlyiomass burning impacts in the Mexico City region during
proposed by Shrivastava et al. (2010) which reduces the comthe MILAGRO experiment the net OA/CO enhancement
putational burden of the method while maintaining a link to seems to be in the same range as for the urban emissions
the originally-proposed parameterization. (40—60 pug m3 ppmv1, DeCarlo et al., 2010).

In the aerosol field measurement community, the forma- As these studies suggest a rather consistent behavior and
tion of SOA in polluted airmasses has been recently studiecvolution of the OAACO ratios in polluted plumes regard-
and parameterized by considering ratios of OA to a chem-ess of their geographic location, we investigate in the present
ically quasi-inert species such as carbon monoxide (CO)study whether a simplified empirical parameterization based
which allows removing the effect of dilution and emissions on the observed OA vaACO relationship could be used to
on timescales of several days (de Gouw et al., 2005; Depredict the amount of anthropogenic SOA. Using CO as a
Carlo et al., 2010). Indeed, in urban and regional scalesproxy is a particularly convenient choice as CO is typically
CO is approximately conserved with regard to OH oxida- well reproduced by models, can be measured from satel-
tion on timescales of hours to several days which are relelites, and also has similar or collocated emissions sources
vant to SOA formation, and its main sources are the combusas SOA precursors. A similar approach has recently been
tion from traffic and from biomass burning, and long-range applied to a global model by Spracklen et al. (2011). By
transport. Chemical production of CO from anthropogenicadjusting the strength of the different SOA sources to op-
VOCs makes a very small contribution to polluted airmassedimize the agreement between modeled and measured OA
(Griffin et al., 2007). Although production from biogenic and non-fossil carbon, these authors reported that the opti-
VOCs can make a major contribution to background CO lev-mized global SOA budget appears to be dominated by an
els in biogenically influenced areas (Hudman et al., 2008),anthropogenically controlled source, due to both SOA for-
this source does not result in narrow plumes with severaimation from anthropogenic VOCs-(0 Tgyr 1) and a very
hundred ppb of CO, where the SOA vs. CO parameterizadarge contribution <90 Tgyr-1) from anthropogenic pollu-
tions for pollution and biomass burning sources have beertion enhancement of SOA from biogenic VOC. However, the
derived (e.g. Kleinman et al., 2008; DeCarlo et al., 2010).  Spracklen et al. (2011) study was performed at a very coarse

horizontal resolution (28x 2.8 ~ 300 kmx 300 km), and
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using monthly mean SOA observations, which do not have As CO is an important model component for this study,
sufficient detail to resolve polluted urban conditions. Thusit is important to evaluate whether the model can reproduce
there is a need to explore whether the conclusions of thathe measured CO levels. Hodzic et al. (2009) have shown
global study hold when evaluated with a regional model atthat CO inside Mexico City is generally well captured by
much higher spatial and temporal resolution. the model in comparison to the RAMA monitoring stations,

Therefore the goal of the present study is to test and opsuggesting that the Mexico City emissions are reasonable
timize a first order SOA parameterization for anthropogenicWwith the regard to CO, which is consistent with several previ-
pollution based on the observed S@AZO ratios that best 0us evaluations of the CO emissions inventory (Zavala et al.,
describes the observed OA. We also propose a simple pa2006; Molina et al., 2007, 2010). However, comparison with
rameterization to estimate the oxygen-to-carbon ratio (O/C)aircraft measurements (Hodzic et al., 2010a) suggested the
of OA in polluted regions. For that purpose the regional model tendency to underpredict regional CO levels. This un-
chemistry-transport model predictions are evaluated againgierprediction may be due to too low emissions in urban areas
ground and aircraft data from Mexico City during the major outside Mexico City, which are taken from the Mexico NEI
MILAGRO 2006 field project. Although this type of em- inventory. CO boundary conditions from the monthly clima-
pirical parameterization does not have mechanistic detail, ofology of the LMDZ/INCA global chemistry-transport model
allow predicting some OA properties such as volatility, be- could also be too low and contribute somewhat to this gap.
ing able to estimate SOA with a simple scheme is of greatHowever as the population in Mexico City is 20 million, but
interest for global and climate modeling studies that need tdn other urban areas in Central Mexico is about 10 million,
evaluate the transport and radiative impact of aerosols. Ther about 1/2 of the population in Mexico City (Molina et al.,
optimized parameterization is compared with SOA predic-2010), the regional emissions of CO are expected to be sig-
tions from the more complex volatility basis set approach_nificant. We evaluated these emissions using the measured
Finally, we also test two simplified parameterizations of bio- CO at the cities of Puebla (19.08, 98.2 W) and Toluca
genic SOA enhancement due to anthropogenic pollution.  (19.29 N, 99.67 W), and concluded that the initial model
underpredicts the observed CO levels inside the urban areas
by a factor of~5 (Fig. S1, Supplement). Therefore the re-
gional NEI emissions of CO outside of Mexico City have
been increased by a factor of 5. This adjustment results in
o a small increase the regional background levels with a very
2.1 General model description minor effect on the Mexico City plume (Fig. S1, see Supple-

ment). The increase in the regional CO levels~&0 ppb

For this study, the mesoscale chemical transport modeprovides a slightly better agreement with the observed CO
CHIMERE was run from 15 to 31 March 2006 over the Mex- |evels along the C130 flight track of 29 March 2006 (during
ico City region at both regional (35km35km) and urban  a period with very low biomass burning, Aiken et al., 2010).
(5kmx 5km) grid scales using the same configuration and The SOA treatment in the CHIMERE model that was pre-
the same forcing (i.e. meteorology, emissions, boundary angiously based on Pun et al. (2006) and Hodzic et al. (2009)
initial conditions) as described by Hodzic et al. (2009, 2010a,for anthropogenic and biogenic VOC precursors, and on
b). Here we provide a brief summary of sources and pro-Hodzic et al. (2010a) for primary organic vapors, has been
cesses that influence the levels of organic aerosols, and intrgevised for the purpose of this study. SOA formed from
duce the simplified SOA modeling approach that was appliedanthropogenic and biomass burning precursors has been re-
in the present study. The terminology used in the paper ilaced by the new empirical approach based on field mea-
summarized in Table 1. surements of SOACO ratios. Besides the previous tradi-

The CHIMERE model simulates the emissions of primary tional biogenic SOA (BSOA) from OH oxidation of isoprene
OA, the chemistry and gas/aerosol partitioning of secondaryand terpene precursors, an alternative parameterization has
organic species and their gaseous precursors, in addition tbeen included in the model in order to evaluate the differ-
their transport, boundary layer mixing, and dry and wet de-ences between current BSOA parameterizations and to ac-
position processes. Similar to Hodzic et al. (2009, 2010a, b)count for NQ-dependent BSOA yields. Anthropogenic and
primary gaseous and aerosol species are emitted from (i) arbiomass burning POA is modeled as a non-volatile species
thropogenic sources as reported by the 2002 official Mex-that can now convert to OOA by heterogeneous ageing in
ico City Metropolitan Area emission inventory (CAM, 2004) the atmosphere. The details of these parameterizations are
and the National Emissions Inventory (NEI) of 1999 emis- discussed in sections below. In this study the model does
sions outside of the cityhftp://mexiconei.blogspot.coip/  not account directly for the gas-phase chemistry and parti-
(i) biomass burning emissions as estimated from sateltioning of semi-volatile and intermediate-volatility primary
lite data by Wiedinmyer et al. (2006), and (iii) biogenic organic vapors described by Hodzic et al. (2010a), rather
VOC emissions calculated online using the MEGAN model this process is now lumped in the SQ®CO parameteriza-
(Guenther et al., 2006). tion and the POA aging. In addition to OA, CHIMERE also

2 Modeling approach
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Table 1. Terminology used for the various types of organic compounds, and for model simulations.

Gas-phase organic compounds

VOC Volatile Organic Compounds: gas-phase organic species of relatively high
volatility (e.g. toluene, isoprene, terpenes).

VOCA(VOCgg) \olatile Organic Compounds from anthropogenic (biomass burning) origin:
used here as a lumped surrogate anthropogenic (biomass burning) VOC species
for the empirical SOA treatment, and emitted proportionally to anthropogenic

(biomass burning) CO.

Condensed-phase organic species

OA Organic Aerosol: includes both primary and secondary fractions. It includes
carbon mass (OC) and also the oxygen, hydrogen, and nitrogen mass.

POA Primary Organic Aerosol: emitted directly into the particle phase. Here it is

treated as a non-volatile species that can however age into SOA after 2 days of
atmospheric processing

SOA Secondary Organic Aerosol (from all sources)

ASOA Secondary Organic Aerosol from anthropogenic sources
BBSOA Secondary Organic Aerosol from biomass burning sources
BSOA Secondary Organic Aerosol from biogenic sources

Model Simulations

OPT Model simulation based on the empirical parameterization for SOA for-
mation from anthropogenic and biomass burning sources, with A/@@d
VOCpgp emission rates of 0.08 g perg of CO, and a reaction rate with OH of
1.25x 10~ cmd molecules1s1.

ROB Model simulation that includes SOA formation from semi-volatile and interme-
diate volatility primary organic vapors according to the volatility basis set of
Robinson et al. (2007) as reported in Hodzic et al. (2010a).

ROB-like Model simulation based on the empirical parameterization for SOA formation
using VOG, and VOGsg emission rates of 0.08 g per g of CO, and a reaction
rate with OH of 5x 10~12cm? molecules 1 s~1. This run has a similar time
scale as the ROB volatility basis set as shown in Fig. 1a and Table S3 (see
Supplement).

SPR Similar to the OPT model, but with a V@@mission rate of 0.20 g per g of CO
and a rate constant of:610~12cm3 molecules 1 s~1 as used in Spracklen et
al. (2011).

TEST Similar to the OPT model, with a pollution enhancement of biogenic SOA,

based on S@ and VOG, concentrations. The biogenic SOA formation is
treated using Lane/Tsimpidi NGdependent yields.

Other notation

VBS Volatility Basis Set approach
AMS Aerodyne Aerosol Mass Spectrometer
OOA Oxygenated Organic Aerosols: an OA component identified with Positive Ma-

trix Factorization method, which is characterized by its high oxygen content. It
is generally understood as a surrogate for SOA.

accounts for wind-blown dust, secondary inorganic specie.2 Alternative NOx-dependent SOA formation from
(sulfate, nitrate and ammonium), particulate water, and other biogenic precursors

primary anthropogenic particles. The size distribution of

all species is represented using a sectional approach witl, 4-species volatility basis set treatment has been included
8 size bins (40 nm to 10 microns in physical diameter) within order to test the effect of alternative parameterizations

internal mixing within each bin. Further information on the for the oxidation by OH of biogenic VOCs, including the
model formulation and related publications can be found oneffect of low- and high-N@ conditions following Lane et

http://www.Imd.polytechnique.fr/chimere al. (2008). Three categories of biogenic precursors are
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considered including isoprene, terpenes and sesquiterpenes. 016 . \ \ . \ . \
The stoichiometric mass yields that determine the amount of — OPT Gbservations Including Mexico Gity
oxidation products in both low- and high-N@egimes use | OB ke

the updated values from Tsimpidi et al. (2009) as summa-
rized in Table 2, without additional gas-phase “aging” for
the oxidized organic vapors as this is not well-supported by
the literature (e.g. Dzepina et al., 2011). SOA is formed
via both low- and high-N@ pathways based on the frac-
tion of organo-peroxy radicals that react with NO (Lane et
al., 2008). The four oxidation products are then partitioned 0 +— I T |
to the aerosol phase according to their volatility, using the o 6 12 18 24 30 3/ 42 48
saturation concentrations of 1, 10, 100, and 1000 p§ at Photochemical age (hours at [OH]=1.5"10°)
300K, respectively. The enthalpies of vaporization are set 12 e —
to 88kJ mot? for all four species. Using a similar NO
dependent approach Shrivastava et al. (2010) reported that
the biogenic SOA predicted in Mexico City was 4-5 times
lower than predicted in our previous studies (Hodzic et al.,
2009, 2010a) which used higher yields for isoprene under
low-NOy conditions based on Henze and Seinfeld (2006) and
which showed good correspondence with tracer-derived esti-
mates of biogenic SOA (Hodzic et al., 2009). The sensitivity

of the model results to the choice of the biogenic SOA pa- E B L BB B B
rameterization is discussed in Sect. 3.5.1. Photochemical age (hours at [OH]=1.5*10° )

SOA/ACO (g/g)
1
T T

g
=3
B
|
T

(5
©
1
T

O/C atomic ratio
o
N
1
T

= OPT Observations including Mexico City

2.3 Simplified SOA parameterization for anthropogenic  Fjg 1. A schematic representation of the evolution (af the

and biomass burning sources SOA/ACO and(b) oxygen-to-carbon ratios as a function of pho-

tochemical age. For the SOA mass, the observed ratios (gray poly-

SOA from anthropogenic sources has been parameterizegbns) are taken from de Gouw and Jimenez (2009) and DeCarlo et
based on the observed behavior of @&O ratios vs. pho- al. (2010) for urban airmasses, whereas for the O/C ratios the ob-
tochemical age that were reported in the literature, and irserved ratios are those summarized in Dzepina et al. (2011). Curves
particular for Mexico City (Kleinman et al., 2008; De- represent th_e estimated ratios for OPT, SPR_and ROB-I_ike sim_ula—
Carlo et al., 2010). As SOA is a secondary pollutant (un_thns for typical daily average 3OH concentrations found in Mexico
like ACO) that forms from the oxidation of VOC precur- 1Y 0f 1.5x 10° molecules crm®.
sors, SOA cannot be emitted directly proportionally to CO
emissions for the purposes of regional modeling (although
some global models do treat SOA in this way for simplic- Parameterization has been derived using data from regions
ity, which is more reasonable for their large spatial and tem-and plumes dominated by anthropogenic pollution. How-
poral scales, e.g. Textor et al., 2006). The implementatioreVer, since it was derived by fitting ambient observations,
used here is similar to that of Spracklen et al. (2011). Theit may include a small contribution from biogenic SOA to
first step of the approach consists in emitting a VOC pre-the regional background. To explore this plausible range,
cursor surrogate (Vopfor anthropogenic Sources) that will we evaluate the model predictions for several emission fac-
gradually oxidize to form SOA downwind of the source re- tors including 0.025, 0.050, 0.075, 0.100 and 0.1254 &\
gion. The ratio of VOG to anthropogenic CO emissions Much higher ratio of 0.20 gdf was obtained by Spracklen
is assumed to be equal to the observed ratio in concentreet al. (2011) when optimizing the agreement of their global
tions in very aged air under low biomass-burning conditions:model with global monthly mean observations, although only
Emis(VOGa)/Emis(CO)= SOA/ACO. The SOAACO re-  0.02g g (10 %) were thought to be due to pollution sources
ported in the literature for aged polluted air (and also for and the rest to anthropogenic enhancement of biogenic SOA.
Mexico City) range from 40 to 110 ugm ppmv-! at stan- Once the VOG has been emitted, it undergoes oxidation
dard temperature and pressure (de Gouw and Jimenez, 200@jth OH to produce a single non-volatile product that
DeCarlo et al., 2010) which translates into approximatelycondenses to the aerosol phase assuming a mass yield of
0.032 to 0.088¢gg! as summarized in Fig. 1a. We note 100%: VOG+OH—ASOA. The rate constant of this
that ratios for very aged air are very difficult to evaluate reaction is inversely proportional to thefolding timescale
with field data, due to the effect of dilution and the diffi- to form pollution SOA and to reach (after seveedfolding
culty of determining the CO background wha€O is small,  timescales) the asymptotic SOXMCO ratio that was used
therefore slightly higher asymptotic ratios are possible. Thisfor the emissions (minus any losses to aerosol deposition).

www.geosci-model-dev.net/4/901/2011/ Geosci. Model Dev., 4, 9022011
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Table 2. Reactions leading to the production of SOA and its precursors.

Reaction Reaction rate (molectfecm?®s—1)

Production from biogenic precursors at high-Néndition$

1  ISOP + OH— 0.001*BSOA + 0.023* BSOA + 0.015*BSOA; 2.5x 1071 1exp408/T)
2  TERP + OH— 0.012* BSOA + 0.122*BSOA + 0.201*BSOA; + 0.5*BSOA;  1.21x 10~ lexp444/T)
3  SESQ + OH- 0.075* BSOA + 0.15*BSOA + 0.75*BSOA; + 0.9*BSOA, 1.21x 10~ Mexp444/T)

Production from biogenic precursors at low-N€ondition$

4 ISOP + OH— 0.009*BSOA + 0.03*BSOA + 0.015*BSOA; 2.5x 10~ Mexp408/T)
5  TERP + OH— 0.107*BSOA + 0.092*BSOA + 0.359*BSOA; + 0.6*BSOA;  1.21x 10 Mexp444/T)
6 SESQ + OH- 0.075*BSOA + 0.15*BSOA + 0.75*BSOA; + 0.9*BSOA, 1.21x 10~ Mexp444/T)

Anthropogenically controlled and biomass burning SOA production

7 VOCp + OH— ASOA 1.25x 10717
8  VOCgg + OH— BBSOA 1.25x 10711
POA ageing

9  POAj + OH— OH + ASOA 3x 10712
10 POAgg + OH— OH + BBSOA 3x 10712
Acid-enhanced biogenic SOA production

11 TERP (SESQ) + S9— SO, + 0.65*BSOAEN 1x 10-14
12 ISOP + SG— SO, + 0.65*BSOAEN 1x 10-14
Anthropogenic pollution-enhanced SOA production

13 TERP (SESQ) + VOg& — VOCp + 0.50*BSOAEN 5x 10-16°
14 I1SOP + VOG — VOCp + 0.50*BSOAEN 5x 1016

: following Lane et al. (2008) methodology, and using the updated mass yields from Tsimpidi et al. (2009). The four oxidation products i.e. BSOA1, BSOA2, BSOA3, BSAO4,
have saturation concentrations of 1, 10, 100, and 1000 #jah300 K, respectively, and the enthalpies of vaporization of 88 kJ falr all four species.

b: this rate is consistent based on field observations reported by de Gouw et al. (2008) and De Carlo et al. (2010). The value indicated here correspond to the OPT simulation. See
text for details.

C: these rates are taken from Spracklen et al. (2011), and resulted in a large amount of enhanced biogenic SOA in their global model simulations.

Typically, the timescale is of the order of one day (de Gouwthis ageing is OH-dependent, we introduced this dependence
et al., 2005; Brock et al., 2008; Kleinman et al., 2008; through the following reaction POA+OH-ASOA with k =
DeCarlo et al., 2010). In the Mexico City region the average3 x 10~12cm® molecules®s™1. This results in a timescale
24-h OH concentrations are-1.5x 10° molecules cm?3 of ~2.5 days which is roughly consistent with observations
both for the observations (C. Cantrell, NCAR, personaland other model results (Dzepina et al., 2009; Spracklen et
communication, 2008), and for the model (Hodzic et al., al., 2011). The ASOA produced by this pathway conserves
2009, Fig. 9). Given these values, the reaction rate derivedhe size distribution of its parent POA species. Note that the
by Spracklen et al. (2011) results in a time constant ofamount of anthropogenic SOA formed via direct POA oxida-
~1.5 days which is somewhat larger than observationstion is small, as most of the SOA in the Robinson mechanism
In order to cover a wide range of possible values andis formed by oxidation of gas-phase species co-emitted with
assess the sensitivity to this parameter, three rate constantise POA.

are considered: k1 = 5 x 10 2cm®moleculess1, A similar approach as for anthropogenic SOA is adopted
ko = 1 x 10 2cmPmolecules’s? and k3 =  for biomass burning SOA formation. The V@g/CO emis-
25x 1072 cm® moleculests1. sion ratio and reaction rate for the oxidation of Vgydinto

In addition, the formation of ASOA from the ageing of BBSOA were varied as described above (together with the

primary organic aerosols through the evaporation of poaParameters for ASOA) in order to determine the set of param-
and the oxidation of its vapors in the gas-phase (Robinsorfters that reproduces the best the observed OOA values. The

et al., 2007) is represented as a direct oxidation of POA29€INg of primary organic aerosols emitted by fires is also
to ASOA assuming the POA half-life time of 2 days. As accounted using same OH-dependent rate discussed above.

Geosci. Model Dev., 4, 90847, 2011 www.geosci-model-dev.net/4/901/2011/
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2.4 Empirical approach for predicting al., 2008) and VO& (urban areas) are not collocated, so
oxygen-to-carbon (O/C) ratios these two approaches should produce slightly different spa-
tial patterns.
In addition to parameterizing the SOA mass, we have also
derived an empirical approach to compute the oxygen-to-2.6 Model application
carbon ratio for organic aerosols. The measured O/C ra-
tio is a good indicator of the level of processing of the or- First, a set of 15 model simulations was carried out in or-
ganic material. Being able to accurately predict O/C ratiosder to estimate the optimum parameters for the YD
in models is of great importance for determining the hy- emission ratios and the rate constant for \JO&@nversion
groscopicity of organic particles (Jimenez et al., 2009) andinto ASOA. The 24-30 March time period with low biomass
their effects on CCN activation and clouds. As previously, burning influence (Aiken et al., 2010) was chosen to perform
we have parameterized the ageing patterns observed in O/this comparison with AMS data. The same set of ground and
ratio as illustrated in Fig. 1b to fit the O/C observations re- airborne AMS data was used in this study as described in
ported for Mexico City and its outflow region (Dzepina et Hodzic et al. (2010a). Those include the urban TO site, the
al., 2011). Typically, the O/C atomic ratios vary from very suburban T1 site and the regional C130 flight of 29 March.
low (~0.1) for primary emitted organics, to levels close to For these comparisons, biogenic SOA formation was repre-
0.35-0.4 in freshly formed SOA, and up to 0.8-1 for agedsented as in Hodzic et al. (2009, 2010a), because this pa-
air masses that contain more processed organic material. Fégmeterization was found to produce a reasonable amount of
this purpose the oxygen amount and its increase due to oiogenic SOA when compared to biogenic SOA tracers and
ganic aerosol ageing were explicitly modeled in the OPTcontemporary carbon data.
simulation, adding an additional transported variable into the Second, the “optimum” simulation (hereafter referred to
model. The increase in O/C ratios in SOA particles due toas OPT) using the optimized emission ratio and rate con-
ageing of the aerosol was parameterized according to the folstant is performed for the 18-30 March time period, for
lowing equation: O/G=1—0.6exp—A/1.5) whereA rep-  which the first week includes high biomass burning influence
resents the photochemical age of the airmass in days and 1(&iken et al., 2010). The predicted SOA from the empiri-
is the aging time scale for Mexico City conditions. At each cal model is compared to the SOA results from our previous
model time step, we estimate the photochemical age of thétudy (Hodzic et al., 2010a, referred as ROB) which used a
existing aerosol material from the O/C ratios, and then fur-more complex SOA module that accounts for SOA forma-
ther age the OA for the chemical time step proportionally totion from traditional VOC using the 2-product traditional ap-
the incremental exposure ([OH]time step) divided by the proach and from semi-volatile and intermediate-volatilities
reference exposure (1.5dayd.5 x 10° molecules cm?). species using the approach of Robinson et al. (2007). The
The O/C ratio for fossil POA is assumed to be equal to 0.1,predicted SOA from the OPT simulation is also compared to
whereas for the biomass burning value of 0.3 is used (Dethe one modeled using the best-fit parameters from Spracklen
Carlo et al., 2008). etal. (2011), referred as the SPR simulation. For consistency
with our previous simulations (ROB), the biogenic SOA is
2.5 Anthropogenically-enhanced SOA formation from  based on Hodzic et al. (2009). The evolution of O/C ratio
biogenic precursors was added to the OPT model and the simulation dedicated to
evaluating the predicted O/C ratios against observations was
Similar to Spracklen et al. (2011) we also test several sim{erformed from 16 to 25 March.
ple mechanisms to test whether a large enhancement of bio- Finally, an additional simulation (TEST) was performed to
genic SOA in presence of anthropogenic pollutants could exinvestigate the N@-dependent biogenic SOA formation and
plain the spatial and temporal patterns of the SOA observedts potential enhancement under polluted conditions. Similar
in and around Mexico City. Besides the enhanced oxidanto Spracklen et al. (2011), this enhancement was parameter-
levels due to pollution which are already accounted for byized in two alternative ways as discussed above. The bio-
the default model formulation (Hodzic et al., 2009), pos- genic SOA predicted from this approach was compared to
sible reasons for this enhanced BSOA formation are highresults from our previous work (Hodzic et al., 2009).
aerosol acidity or NQlevels (Hoyle et al., 2011; Spracklen It should also be noted that by applying this empirical first
et al., 2011). Following Spracklen et al. (2011), an acid- order SOA modeling approach the computational cost of the
enhanced formation of SOA from terpenes and isoprene wamodel has significantly decreased compared to the simula-
represented using S@s a surrogate for aerosol acidity (Ta- tions including the volatility basis set (per Robinson et al.,
ble 2, Reactions 11-12). In addition a reaction with V\OC 2007) presented in Hodzic et al. (2010a). Indeed, to represent
is used as a surrogate for reactions with anthropogenic polthe SOA formation from anthropogenic and biomass burning
lution species with a lifetime of 1-2 days (including RO  sources, here we only need to track 2 gas-phase precursor
(Table 2, Reactions 13-14). We note that in Mexico thespecies and 2 product species (ASOA and BBSOA) in each
main sources of S@(volcanoes and refineries, DeCarlo et aerosol size bin (total 18 species), whereas the full volatility
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basis set require 18 product species in each aerosol size bi,2 Spatiotemporal patterns and comparison to

and an additional 18 gas-phase species (total 162 species). volatility basis set

For simulations that also track the oxygen to carbon ratio

like in Hodzic et al. (2010a), the difference is even larger In this section the skill of this empirical SOA module in re-

i.e. 27 vs. 324 species. Simulations using the simplified baproducing the observed SOA levels is assessed against the

sis set formulation of Shrivastava et al. (2010) would requireAMS observations within the city and in the city plume, and

36 species, or 72 when oxygen to carbon ratio is also trackedagainst the results of the more complex VBS approach of
Robinson et al. (2007) reported in Hodzic et al. (2010a).

3 Results and discussion 3.2.1 SOA spatial distribution

3.1 Selecting the optimum empirical parameterization

for anthropogenic SOA Figure 3 compares the predicted spatial distribution of an-

thropogenic and biomass burning SOA surface concentra-
Figure 2 summarizes the statistical parameters of thdions averaged over the 24-30 March period. Similar spatial

model/measurement comparison for fifteen model runs inPatierns of SOA concentrations are predicted for the OPT

simulating SOA at the surface (TO, T1 sites) and in airand ROB simulations for the urban and near outflow re-
aloft over the city and its outflow (C130 flight, 29 March), gions, with highest values associated with the Mexico City

as a response to varying V@Cemissions (5 values) and basin and downwind Ioca;ions. Thg OPT model geperates
oxidation rate constants (3 values). Each simulation wa®n average about6ugnr of SOA in downtown Mexico

. ~ 3 . . . _
assessed against observed OOA concentrations using ro&ty» and~3pgnt downwind. The OPT simulation pre

. .. LS. icts ~ 3 hi i -
mean square error and correlation coefficients as indicadicts ~2Hg T higher peak SOA concentration over Mex

tors of model skill, during the low biomass-burning pe- ico City in comparison to the ROB simulation. This differ-
riod (24 to 30 March 2006). Emissions of VQEO in ence in averaged concentrations is mainly due to higher early
the 0.05-0.10gg" range and a rate constant at or above afternoon concentrations predicted by OPT as illustrated in
5x 10-12cm3 molecules!s~? results generally in lower Fig. 4. In the outflow region to the north and south of Mex-
RMSEs and high correlation coefficients for 2 of the 3 IO City basin, the OPT and ROB simulations show simi-

datasets. At the T1 suburban site. however. the amoun’ SOA concentrations. These similarities are expected as

is matched well by the parameter range just discussed, ppoth mechanisms have result ?n amounts and timescales of
the correlation coefficient improves for very low emission the same Qrder, whether SOA IS directly generated from the
and reaction rates. Given the overall results and the relafirst oxidation of precursor species and then transported as an
tively wide response surfaces of the statistical parameterdn€rt species (OPT), or the SOA is produced from the multi-
we chose as the optimum combination of parameters for simgénerational oxidation of organic vapors (ROB). The ageing
ulating SOA from anthropogenically-dominated sources a®f POA that is included in the OPT simulation does not in-
VOCA/CO emission ratio of 0.08 gd and a rate constant of Cr€ase S|gn|f|cantly the SQA concentrations downwind at the
1.25x 10~ cm® molecules® st (e-folding time constant considered spatial scale in this study gnot shown here), as
~0.6 days in the typical Mexico City boundary layer). These expect_ed from the low POA/CO emission ratios of anthro-
values are within the range of the measurement-derived®©9&nIC SOUrces.

amounts and timescales (de Gouw and Jimenez, 2009; De-

Carlo et al., 2010) and will be used to represent SOA forma-3-2-2  SOA temporal patterns

tion from anthropogenic and biomass burning sources in the ) i i

rest of the paper (OPT simulation). As the merit functions” Comparison of the observed and predicted SOA time se-

are relatively broad and there is an anti-correlation betweeji€S at the surface during 18-30 March is shown in Fig. 4a—
amount and timescale and most response surfaces, slightfr ~ The OPT model reproduces fairly well the overall
different sets of parameters are likely to result in similar fits @mount of OOA and captures much of its temporal vari-
to the observations. This amount of anthropogenic SOA iaPility. The results are somewnhat similar to the ROB pre-
not inconsistent with the Mexico City emission inventory. dictions with however a more sustained daytime SOA pro-
E.g. the ratio of VOG to the traditional anthropogenic SOA duction for OPT. At the urban TO site (Fig. 4a), the statis-
precursors (aromatics, large alkanes) is 30 %. Note that wittfic@! figures-of-merit are comparagble for bOtg runs with the
this implementation the amount of biomass burning SOA isModel bias (RMSE) of-1.8 ugnt> (4.7ugnr*) for OPT

about twice that observed by DeCarlo et al. (2010), which@nd—2-91g 3 (5.4 Hg-m3) for ROB, consistent with the

will compensate the underprediction of some biomass burn®Verall agreement within 30% with the observations. The

ing events in the model (e.g. Hodzic et al., 2010b). increase in .the correlation cpefﬁment from 0.59 to 0.65 in-
dicates a slightly more consistent temporal correspondence
between OPT model and observations compared to ROB.

The photochemical production of SOA in the late morning
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Fig. 2. (Upper panel) Root mean square errors (RMSE) and (Lower panel) correlation coefficients for SOA predictions for 15 model runs as a
function of the VOCA surrogate emission factor and its oxidation rate constant. The statistical parameters are calculated for the 24—30 March
period, which is characterized by low biomass burning activity. Parameters used for the OPT simulation are also indicated on each plot (star
symbol).

(~09:00-11:00LT,~8-9ugnr3) and the dilution in the a slightly higher correlation coefficient than ROB. The con-
growing afternoon boundary layer are remarkably well cap-tribution of biomass-burning emissions to the predicted SOA
tured by OPT. The predicted diurnal profile matches both instays relatively small during this period at both surface sites
shape and amounts the OOA observations. The improve¢not shown here). The average contribution to the total SOA
ments with regard to ROB are mainly seen during the ini-approaches 0.5 ugm (<10 %), with the strongest influence
tiation of the photochemistry~09:00LT) and in the late from 20 to 22 March, consistent with previous observation-
afternoon (13:00-16:00LT). Indeed, the SOA production based estimates (Aiken et al., 2010).

starts more intensely (additional 3pg#, and is main- ) ,

tained throughout the afternoon in the OPT model while 10 Study the evolution and growth of organic aerosols aloft
higher temperatures cause some SOA to evaporate in th@"d downwind of Mexico City, model predictions are com-
ROB model. The temporal pattern of the urban observationd?@red in Fig. 4c to the AMS measurements performed on-
in the afternoon is more similar to OPT than ROB, which board the C130 aircraft on 29 March 2006 (DeCarlo et al.,
is consistent with the lower volatility of the observed SOA 2008). 29 March is characterized by relatively stable atmo-
compared to that produced by ROB (Cappa and Jimenezs,Ph?”C con'dmons_ Ieadln_g tp the a_ccumulayop of pollutants
2010; Dzepina et al., 2011; Riipinen et al., 2011; Pierce etVithin the city basin and its immediate proximity, as well as
al., 2011). Finally, during the nighttime, the OPT predicted & Very low biomass burning influence. As shown in Fig. 4c
background concentrations are lower by 0.5-1 fig ihan the modeled pollution plume peaks near TO and then extends
ROB. This is likely caused by enhanced partitioning of semi-to the N(NE. The modeleq concentrations tend to repro_duce
volatile species to the particle phase in ROB at the lowerthe spatial featqres found in measurements along the_ aircraft
temperature of this time period, while this effect is not cap- frack for CO (Fig. S1, see Supplement) and SOA (Fig. 4c),
tured by the OPT model formulation. At the T1 suburban site@nd @lso for other organic species as reported by Hodzic et

(Fig. 4b), the OPT simulation hasl pg i3 lower bias and al. (2010a). The resultg fqr the empirical O_PT model show
an average 30% low bias in comparison with observations,
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2006-03-24_00:00:00 to 2006-03-30_23:00:00 3.2.3 Surrogate parameterization for the volatility basis
set
20°30'N
The similarity with the ROB model results is even more strik-
ing when a VOG/CO emission ratio of 0.08 g¢ and a rate
constant of 5< 102 cm® moleculess! are used. This
set of parameters results in very similar overall timescales
and amount of the ROB modeh(00 pg nT3ppmv-1 at
standard temperature and pressure, 1.5 days, Dzepina et al.,
2011). The results of this sensitivity run (“ROB-like”) are
shown in Fig. 4. The intensity of the initial photochemi-
cal SOA production is comparable in both runs within the
city, whereas some differences can be seen later during the
day, or at the downwind ground site T1 due to the higher
SOA evaporation in ROB as discussed above. The compar-
100°30'W 100°W 99°30'W  99°W  98°30'W ison of the oxidant levels at T1 (not shown here), indicates
CONTOURS: Temain (m) that ROB-like simulation has 15 % higher OH concentrations
_ - than ROB. A very good match with the ROB simulation is
i 45 B 35 & 45 4 45 & 85 & also found along the C130 flight track, as the ROB predic-
tions are less affected by the evaporation in the colder upper
SOA_OPT (ug/m’) boundary air. Therefore, out ROB-like model can be used as
2006-03-24 00:00:00 to 2006-03-30 23:00:00 a surrogate of the ROB model in e.g. global modeling appli-
cations where minimizing computational burden is critical.

20°N

19°30'N

19°N

20°30'N
3.3 Comparison to results with global model-optimized
parameters
20°N
The SOA predictions from the OPT run are also compared
with the SPR simulation that uses a larger emission rate
for VOCp of 0.2gg™? of CO and a 2.5 times slower reac-
tion rate, reported as optimum values by the Spracklen et
al. (2011) global model study. Figure 1la and Table S3 (see
Supplement) compare the typical timescale for SOA produc-
tion from these two runs. At the near fiel&k12 h) both
simulations produce a very similar amount of SOA as the
100°30'W 100°W  99°30'W  99°W  98°30'W faster time constant is compensating the lower emissions of
CONTOURS: Terrain (m) VOC, in the OPT simulation as compared to SPR. Signifi-
_ cant differences in the predicted SOA amount start to be seen
i 98 5 8E G BB @ df @ BB £ near and after 1 day of atmospheric processing, with a 50 %
larger SOA production for SPR than for OPT. After 2 days,
SOA_ROB (ug/m’) the amount of SOA formed by the SPR model is two times
larger than for OPT and asymptotically approaches the factor
f 2.5 on the VOG emissions. Figure 4 illustrates the be-
avior of the two simulations close to the emission sources
(with the SOA mass dominated by the first day of process-
ing) at TO, T1, and C130 locations. As expected the SPR
and are again slightly higher-B0 %) than the predictions produces very similar SOA mass and spatio-temporal pat-
of the ROB simulation both within the urban plume and in terns as OPT, and 50 % larger than ROB both in the immedi-
the downwind region north of the city. Along the first air- ate vicinity of sources and at the edge of the city. Also, the
craft leg (~18:30-19:30 UTC) north of the city, the mea- SPR model simulates15 % lower OH daily mean concen-
sured SOA levels are reasonably well captured although inrations than OPT. These results suggest that the SPR param-
this region the SOA displays a strong spatial gradient. Sim-eters with a VOG/CO emission ratio 2.5 times higher and a
ilarly, the high OOA levels found within the urban plume timescale 2.5 times slower than OPT lead to very compara-
(~15-24 ugm?) are also captured within 30 %, which is ble predictions to the OPT model. Within the domain of the
consistent to the results reported at the TO downtown site. data available here, both simulations are plausible. The data

19°30'N

19°N

Fig. 3. Spatial distribution of surface SOA concentrations (g
from anthropogenic and biomass burning precursors as predicteﬁ
for OPT (a) and ROB(b) simulations in the vicinity of Mexico City
between 24 and 30 March.
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Fig. 4. Observed and predicted concentrations of secondary organic aerosols (OOA or SOA3) a4 70 (a), T1 (b), and along the C130

flight path of 29 March 2006c). Plots compare the OPT (red line), ROB (blue line), SPR (green line) and ROB-like (cyan line) model
simulations, with the AMS measurements. For surface stations, the diurnal average profiles are also provided in addition to the time series.
The variability associated with average observations and OPT model predictions is given in shaded area and red vertical bars, respectively
The C130 flight track for 29 March and the modeled SOA plume extent are also shown.

at longer aging times available for MILAGRO (e.g. DeCarlo than in BB plumes, DeCarlo et al., 2010) would appear to fa-
et al., 2010) are more uncertain as described above and aror the OPT scheme as more realistic than the SPR one for
also more affected by deposition processes which may leathe MILAGRO conditions. However constraining the SOA
to an apparent lower ambient ratio. However the timescalesource in pollution aged more than one day should be an im-
of the ambient observations and the lack of very high ambi-portant priority of future research.

ent SOAACO ratios in ambient air during MILAGRO (other
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This study shows however an important qualitative dis-3.5 Predicting the enhancement in regional biogenic
crepancy with the conclusions of Spracklen et al. (2011) SOA by pollution in Mexico City
which suggested that 90 % of the predicted SOA mass was
of biogenic origin. This would imply that only 1/10 of the 3.5.1 Evaluation of the biogenic SOA treatment
simulated SOA mass with the SPR model as discussed above
is actually from anthropogenic sources. This ratio appears t@\ll the simulations described above used the biogenic SOA
be clearly too small to reproduce the measured SOA downformulation of Hodzic et al. (2009), which showed good
town and in the vicinity of Mexico City (especially during comparison with independent tracer-based estimates, and
the low biomass burning period) which bears the temporalwhich does account implicitly for the enhancement in bio-
and spatial signature of the urban area, and thus is almoggenic SOA formation due to the higher oxidants (OH, O
certainly due mainly to urban sources. The effect of the en-NOs) in polluted air. To evaluate the effect of an alternative
hancement of biogenic SOA by anthropogenic pollution is biogenic SOA parameterization, within the context of current

explored further in Sect. 3.5. uncertainties in this area, the N@ependent 4-product bio-
_ _ _ genic SOA formation has been included in this study follow-
3.4 Evaluation of predicted O/C ratios ing the methodology of Lane et al. (2008) and the updated

. ) ) ] ) ci;ields from Tsimpidi et al. (2010). Figure 6 shows the pre-
Figure 5 compares the simulated O/C ratios with estimatedyicted diurnal profiles for biogenic SOA at TO and T1 during
values derived from aerosol mass spectrometer measurgne 24-30 March period. The predicted mass resulting from
ments at TO. The observed O/C ratios range from 0.2 Qg new treatment varies between 0.2 and 0.3 pd at both
0.7 and display a strong diurnal variability with lower val-  g:qynd sites, as well as downwind of the city along the C130
ues in the morning when the primary emissions from traffic fjjgnt track. These results are consistent with values reported
and other sources exert a major influence, and higher valby Shrivastava et al. (2010), which were based on the same
ues during the daytime~(12:00-16:00LT) when more sec- approach.
ondary oxidized matter is being formed by photochemistry. Figure 6 also shows a large gap (i.e. factor of 4) between

The simulated O/C ratios arising_from the OPT simulation biogenic SOA predictions obtained by the Lane/Tsimpidi
show a reasonable agreement with the observed levels bo%ethod, and those obtained using the approach in Hodzic et

in terms of magnitude and temporal variability. In particular, 5 ‘(2009). The differences arise mainly from the differences
the ageing of the organic material during the afternoon hours, e effective aerosol yields. For instance for isoprene,

seems to be well captured by this simplified approach as ily,4 Lane/Tsimpidi results in yields at 298K and low NO
lustrated by the average diurnal profile. The nighttime O/thich are 0.7% and 2.5% at OA concentrations of 1 and
values are often underpredicted in the model, which is con- ug T3, respectively, while the Hodzic et al. (2009) ap-
sistent with the fact that CHIMERE tends both to overpredictproach produces yields of 2% and 4.6 % at those concentra-
POA (with low O/C= 0.1) during nighttime due to inefficient tions (~2-3 times higher). The difference is even larger for
nighttime boundary layer mixing and underpredict the contri-high NO conditions and low organic massT times). The

bution of biomass burning during the late afternoon or ea”yobserved differences are in the range of values reported by
.mornin_g.smolde_ring fires. Both of these issues are discusse@amon et al. (2010) for different published SOA estimates
in detail in Hodzic et al. (2009). , over the continental US. Their study summarizes that using a
The result of our simulation is also noticeably closer to the4-product approach for isoprene SOA based on the high-NO
observations than the predictions for the original volatility experiments of Pandis et al. (1991), Lane and Pandis (2007)
basis set treatment (Robinson et al., 2007) that had substags \\q that summertime isoprene SOA contributes 7% of

tially lower O/C levels as discussed in Hodzic et al. (2010) predicted OA. However, when using the 2-product param-
and as illustrated in Fig. 5. Our results are however compagerization of Henze and Seinfeld (2006) based on the low-
rab[e to predictions of the ereshop et al. (2009) v'olatlll'ty NOy experiments of Kroll et al. (2006), Zhang et al. (2007)
basis set approach shown in Hodzic et al. (2010) in whichgy, o\ yeq that taking into account the isoprene SOA forma-
40 % oxygen gain was assumed for each oxidation generagq, increases simulated surface organic aerosol concentra-

tion of organic material. The processes leading to this rapiqionS by 65 %. Clearly these very large uncertainties need to
enrichment in oxygen within the first few hours of ageing are be the focus of future research

currently not understood from a mechanistic point of view.

3.5.2 Assessing the impact of anthropogenic pollutants
on biogenic SOA formation

Figures 6 and 7 show the results of implementing the
two simplified mechanisms for pollution-enhancement of
biogenic SOA formation. Note that both mechanisms
are implemented simultaneously to each other, and to the
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Fig. 5. Time series and associated diurnal profiles of O/C ratios as derived from the aerosol mass spectrometer measurement in downtown
Mexico City (TO) and as predicted by the first order parameterization derived in this study for the OPT simulation from 16 to 25 March 2006.
The results corresponding to the volatility basis set and already reported by Hodzic et al. (2010) are also plotted for reference (i.e. using
parameterizations of Robinson et al., 2007 in blue and Grieshop et al., 2009 in green). The gray shaded areas and the red vertical bar:
indicate the variability associated with the observations and the OPT model respectively.

NOy-dependent Lane/Tsimpidi approach discussed abovewhere isoprene and other biogenic precursors are most abun-
The enhancement of BSOA due to the isoprene and terpendant (Hodzic et al., 2009). The strongest enhancement in
surrogate reaction with VOCis close to 0.1 ug m® at both BSOA in our modified model occurs due to presence 0f,SO
ground sites, and to 0.1-0.5 aloft the city. A much larger mainly south of the city where the biogenics are at their high-
enhancement is found for reactions involving S@ith the  est levels, with values exceeding 4 pg¥nSomewhat lower
total increase of about 2 ugm at the surface and up to 4- values are found in the city boundary layerl2 pg n3),
5 pg nT 2 aloft and downwind of the city. This potential en- and to the north and northeast of the city2-2.5 pug n3).
hancement in biogenic SOA formation represents more thamhe BSOA enhancement resulting from the surrogate yOC
a factor of 10 increase as compared to the original BSOAenhanced reaction is more limited in terms of average val-
formulation, or a factor of 2 increase with respect to resultsues, and it peaks south of Mexico City. The potential impact
from Hodzic et al. (2009). However, the absolute amountsof anthropogenic pollution on the BSOA formation with our
formed in our simulations are less robust quantities as theyfEST mechanisms appears to be of a regional scale and to
are conditioned by the reaction rates chosen to parameterizepread well beyond the city limits, producing a very different
the enhancements, which were taken from the global studpatial pattern than the anthropogenic SOA (Fig. 3).
of Spracklen et al. (2011) and were selected to result in sub- We recognize that the enhancement mechanisms applied
stantial global SOA production. here based on Spracklen et al. (2011) are a rather simpli-
More importantly, the difference in the spatiotemporal pat- fied represe_ntation of the anthropogenic influen(_:e in biogeni_c
terns between the enhanced BSOA concentrations and theCA formation. However, these same mechanisms result in
observed OOA is a more robust indication that the anthro-ar9e OA production when implemented in a global model
pogenically enhanced BSOA does not dominate the SOA(Spracklen etal., 20.11), and fqr that.reasop it was of interest
production in the vicinity of Mexico City. For instance in [© test their effects in the Mexico City region. Our results
Fig. 6c, the C130 observations show a clear contrast bel_ndlcate that pollution-enhancement of biogenic SOA is un-

tween lower regional OOA levels~8—10ugm3) and 3 Iik_ely to _play a major role in '_[he eIevated_ OA in the Mexi<_:o
times larger OOA peaks over the city. This contrast is notCtY région due to the physical separation of the pollution

captured by the pollution-enhanced BSOA formation as the2nd Piogenic source regions. However biogenic SOA likely
predicted BSOA levels are similar or larger downwind than plays a role in the regional background OA, consistent with

within the city. The partitioning of biogenic SOA to the previous studies (Hodzic et al., 2009) and a quantitative anal-

aerosol is somewhat increased due to the presence of AsoxSis of fossil vs. non-fossil carbon in this region (Hodzic et

within the city, but this effect is small according to the model, @l 2010b). Future studies should address the question of
anthropogenic enhancement of biogenic SOA using regional

Figure 7 shows the average spatial distribution for themodels and observations in regions where pollution and bio-
NOy-dependent biogenic SOA produced from OH oxidation genjc sources are in close proximity, and testing more de-

of precursors, and the biogenic SOA produced by YOC  tajled parameterizations e.g. by directly accounting for parti-
and SQ- surrogate enhancements. BSOA displays highergje acidity effects.

concentrations south and southwest of Mexico City, and is
likely originated from emissions on the coastal mountains

www.geosci-model-dev.net/4/901/2011/ Geosci. Model Dev., 4, 9022011
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Fig. 6. Average diurnal profiles of submicron secondary organic

aerosols (OOA or SOA, ugT?) from biogenic origin as predicted Fig. 7. (a) Spatial distribution of biogenic SOA concentrations
during the 24-30 March comparison perioda} TO, (b) T1, and (ug m3) as predicted from isoprene and terpenes oxidation follow-
(c) time series along the C130 flight track of 29 March 2006. Black ing Lane/Tsimpidi NQ-dependent yields (within the OPT simu-
dots represent the AMS measured OOA levels (given on the rightdation) in the vicinity of Mexico City between 24 and 30 March.
side Y-axis). Filled areas represent the BSOA formed from biogenicThe BSOA enhancement due to anthropogenically-enhanced reac-
VOCs according to N@-dependent Lane/Tsimpidi yields (blue), tions involving biogenic precursors is quantified fb) VOCa and

from terpenes and isoprene in presence of ¥@hhanced reac- (c) SO, surrogate reactions. The biogenic SOA concentrations are
tions (red), and S@enhanced reactions (orange). The purple line vertically averaged from the surface up to 4km altitude, and the
represents BSOA levels as calculated by the OPT run and usingesults are taken from the coarse scale model (at 36 km horizontal
low-NOx yields for isoprene based on Henze and Seinfeld (2006). resolution). Note the different color-scales in the three graphs.

Geosci. Model Dev., 4, 90847, 2011 www.geosci-model-dev.net/4/901/2011/
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4 Conclusions v. We have also demonstrated that the evolution of
oxygen-to-carbon ratios can be parameterized in a sim-
In this study, we have used a regional chemistry-transport  ple way, and used to predict the oxidation state of the
model and highly time-resolved AMS measurements in the  organic material in this region. The O/C ratios and tem-
Mexico Clty metropolitan areato derive and test an empirical pora| evolution predicted using the Simp||f|ed approach
SOA parameterization for anthropogenic and biomass burn-  are in a slightly better agreement with observations than
ing sources based on the measured ratio of organic aerosols  the results obtained by Hodzic et al. (2010a) for the full
to CO in aged airmasses and suitable for use in global and  volatility basis set of Grieshop et al. (2009) that was
climate models. The main findings of the StUdy are: assuming a 40 % oxygen gain upon every oxidation of

i. We have determined a set of parameters i.e. the emission ~ ©r9anic vapors.

factor of 0.08 g per g of CO for the emission surrogate

1 1 vi. We have also examined whether the potential enhance-
and a rate constant of 1.2510~ 11 cm® molecule 1 s~

; - LY ; ment of biogenic SOA production under polluted con-
for its oxidation with ?H that captures the observed tions may explain the observed spatio-temporal pat-
SOA mass within 30% in the urban area, and down-  torng and levels of SOA in and around Mexico City.

wind. The predicted SOA is mainly anthropogenic as As parameterized here the $®nhanced BSOA pro-
the contribution from biomass burning is less than 10%.  qyction is substantial. However this enhancement alone
Our results also suggest in the source region, somewhat 4,1 not explain the spatio-temporal patterns of ob-
higher (lower) emissions coupled with slower (faster) served SOA in and around Mexico City, although it
timescales could also fit the data. could contribute to the regional background concentra-
i. We have shown that using a much larger emission fac- tions. Our result does not imply that these interactions
tor of 0.20g perg of CO and a slower rate constant of are not important in other regions or at the global scale,

5x 10-12cm? moleculet s~1 as advised by the recent but that their relative impact is limited in this particular
global model study by Spracklen et al. (2011) leads to ~ Megacity where OA is dominated by anthropogenic and
somewhat larger SOA production-10-30 %) in the biomass burning sources.

near field. This difference is expected to reach a fac-

tor of two after two days of atmospheric processing . .
(aged airmasses). These very high SOA amounts ap-Su.p ple_mentgry mater.|al relfalted to this
pear inconsistent with the far field data for MILAGRO, artlc.Ie IS avallable_ online at:

although the constraints are weaker and more researcnttp'/ fwww.geosci-model-dev.net/4/901/2011/
is needed in the far field from pollution sources to con- gmd-4-901-2011-supplement. paf

strain the total net SOA production amount.
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