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Abstract

A sourceresolved threedimensional chemical transport model, PMCAR, was
applied in the contiental US.to investigate theontributionof the various components (primary
and secondary) of biomass burning organic aerosol (bki®Ayrganic aerosolevels Two
different schemes based on the volatility basiswsse used for the simulation of thdd®A
during different seasons. The first is the default scheme of PMGB8Rhand the second is a
recently developed scheme based on laboratory experiments of the bbOA evolution.

The simulations withthe alternative bbOA scheme predict much higtodal bbOA
concentrations when compared with the base case oness amly due to the high emissions
of intermediate volatilityorganic compound@VOCs) assumed in the alternative scheme. The
oxidation of these compounds is predictedb® a significant sourcef secondary organic
aerosol. The impact of the other parameters that differ in the two scheloestasnegligible.
The monthly average maximupredicted concentrations of the alternative bbOA scheere
approximately an order of magnitude higher ttiaose of the default scheme during all seasons.

The performanceof the two schemesvas evaluated against observedal organic
aerosol concentratiorfeom severalmeasurement sites across the US. fEselts weralifferent

for the different seasonsxamined The default scheme performed better during July and
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September while the alternative scheme performditle better during April. These results

illustrate the uncertainty of the corresponding predictions, the need to quantify the enaiedions

reactionsof IVOCs from specific biomass sourceand to better constrain the total (primary and

secondary) bbOA levels.

1. Introduction

Over the past decades, atmospheric aerosols, also known as particulate matter (PM), are

at the forefront ohtmosphen chemistryresearch due to their adverse impacts on human health,

climate change, and visibility. More specifically, fine particulate matter with an aerodynamic

diameter less than 2ém (PMs) is associated with decreased lung function (Gauderman, et al.

2000), bronchitis incidents (Dockery et al., 1996), respiratory diseases (Pope, 1991; Schwartz et

al., 1996; Wang et al., 2008) and eventually increases in mortality (Dockery et al., R9B3)

alsoaffectsthep | anet 6 s ener gy bl896)aand causds Sisbilityr@edudtian e t

urban centerbut alsorural areagSeinfeld and Pandis, 2006)

One of the most important components of fine 8Most everywheré organic aerosol
(OA) (Andreae and Crutzen, 1997; Roberts et al., 2001; Kdoaket al., 2005)Despite its

importance, OA remains poorly understood due to its physicochemical complexity (Goldstein

and Galbally, 2007)0A is traditionally separated into primary (POA), which is emitted directly

into the atmosphere as particles, aedondary OA (SOA), which is OA that is formed from

gaseous precursorthat after oxidation and condensation form orgarparticulate matter

(Seinfeld and Pandis, 2006). SG#cludes components producddring the oxidation ofsemi

volatile organic compouts (alled SOA-sv), of intermediatevolatility organic compounds

(SOA-iv), and of volatile organic compounds (S@RA POA and SOA are further categorized
into anthropogeni¢aPOA, aSOA) and biogeni®POA, bSOA) based on their source$he
terms P@ and SOA (without a prefix for anthropogenic or biogenic) are used to denote the

totals, that is the sum of énanthropogenic and biogenic componeAiso the term bbOA is

used for the sum of primary and secondary biomass burning OA (bbOA=bbPOA+bbSOA).

Biomass burning ian important global source of OA (Puxbaum et al., 2007; Gelencser et

al., 2007 Chen et al., 2037Gunsch et al., 20)8nd other pollutants such as nitrogen oxides,

carbon monoxide, and volatile organic compountsis sourcecontributes around 75% of

global combustion POA (Bond et al., 2004).

In this work, the term biomass burning includes

a l
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wildfires in forests and other areas, prescribed burning whiclsnsadl wildfire set intentionally
(Tian et al., 2008; Chiodi et al., 2018) in order to decreasdikbliéhood of major wildfires
agricultural waste burnin@nd residential burning

The simulation of bbOA has been the topic of numerous studies all of them concluding
that it is an important source of fine partici@san et al., 2009)Most of them asumed that
bbOA is nonvolatile and iner{Chung and Seinfeld, 2002; Kanakidou et al., 2085)arado et
al. (2015) used the Aerosol Simulation Program that incorporates updates to bleasms
chemistry and SOA formation modules using observations &tmomass burning plume from a
prescribed fire in CaliforniaA method was presented for simultaneously accourfonghe
impact of the unidentifiedntermediate volatility, semviolatile, and extremelyow volatility
organic compoundsen the formation ofOA, basedon the volatility basis set (VBS) approach
(Robinson et al., 2007) for modeling OA and the concepthefmechanistic reactivity of a
mixture of organic compound€arter, 1994)Bergstrom et al.2012 concluded thatesidential
wood combustionand wildfires are a major source of aerosol over large parts of Europe.
However, the simulated results are sensitive to the parameters used in the VBS framework
Posner et al. (2019), using the standard version of PMCAMk incorporates the VBS scheme,
estimated that bbSOA from semivolatile and intermediate volatility organic compeunnitied
during biomass burninig one ofthe most important componemf bbOAin the US

Fountoukis et al(2014) performed simulatiosin Europeusing the PMCAMx model
during 20082009 The largest discrepancie$ average PMOA concentration®etween model
andmeasurementsere found during the winte€iarelli et al. (2017a, b) proposed an alternative
parameterizatiothat was derived from biomass burning experimeotsducted with emissions
from woodstoves, and was based on YH&S scheme (Koo et al., 2014). This alternative
parameterization was applied only to the residential heating s@dterapplicability of this
parameterizatioto otherbiomass burning sources such as wildfires and prescribed burning will
be investigatedn the present studylhe alternative framework wasvaluated using@AMx for
Februaryi March 2009 The new scheme narrowed the difference betwmedlictions and
obsevations compared to previous studies (Fountoukis et al., 204u4t)still underpredictethe
observedSOA, whereas the WBPOA was generally overpredictedhe same scheme was
evaluated for 2011 in Europe using CAMx 6.3 (Jiang et al., 201®.authorconcluled that
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the modified parameterizatiomproved the model performance for to@A as well as the OA
componentgspecially during the winter.

The aim of tle currentstudy is to implenent the alternative VBS scherpeoposed by
Ciarelli et al. (2017a) inthe PMCAMxSR model duringlifferent periods. These periods have
already been investigated Byeodoritsi et al. (2020)sing the default PMCAMSR scheme.
That study concluded thdturing springthe PMCAMXx-SR performance is good according to the
criteriaproposed by Morris et al. (2005) but the moelds to underpredict the obsen@A in
the PM25 size rangeDuring the modeledsummer periodhe PMCAMX-SR performance was
average witha tendency towards overprediction of the observed S/DA. Finally, during the
fall the model performance was averdggroblematicbecause the model overpredicted OA
levels.The OA overprediction during this periodasmainly due to thgrobableoverprediction
of the bbOA (primary and secondaryyhich was accading to the modethe dominant OA
componentWe aim tofurther investigate whether ghapplicationof this new paramterization
that has improved bbOA predictions in Europél close the gap between predictions and
observationsn the US too.

In most modelling studies so far biomass burning OA (bbOA) is grouped with the rest of
the primary and secondary OA components and is simulated in exacggarttee wayln this
study, PMCAMxSR the threelimensional chemical transport model (CTM) used sitesla
bbOA components separately frahe rest of the OAllowing the use ofolatility distributions,
aging schemes, etthat are specific to this sour¢€heodoritsi et al., 2019). At the same time,
this enhanced model (extension of PMCAMNX) allows diggedictions of bbOA concentrations
since it tracks these species separafgtgodoritsi et al. (2020) used PMCAMR to quantify
the importance of bbOA from prescribed burning activities in the US on air quality and human
health.

In the current study waevill study in detail the impact of the different partitioning
parameters implemented in bbPOA description and bbSOA formation and evelsifppoposed
by Ciarelli et al. (2017&y). While theprevious study of Theodoritsi et al. (2026¢used on the
role of prescribed burnings a source of bbOA, in this study bibmass burningources are
grouped together.
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2. The chemical transport modelPMCAMX -SR

PMCAMx-SR is asourceresolvedversion ofthe threedimensional CTMPMCAMXx
(Murphy and Pandis, 2009;simpidi et al., 2010; Karydis el., 2010) PMCAMx lumps all
anthropogenic OA componerasid biomass burning Ofagether, so it doesot explicitly keep
track of their sources and by necessity uses sandapendent parameterizations for the .OA
PMCAMx-SR uses different variables to describe the OA from diffesentrces and therefore

allows the different treatment (e.g., volatility distributions, partitioning parameters like enthalpy

of vaporization, chemical aging schemes, etc.) of OA fromoau tranportation and that from

biomass burningBoth PMCAMx and PMCAMXxSR simulateemissions, advection, turbulent

dispersion,removal bywet and dry depositionchemistry in the gas, aqueous and particulate

phases and aerosol dynamitssng the same ogputational modulesThey differ in the treatment

of OA. Different gasphase chemistry mechanisms can be selected by the user. In this study the

Carbon Bond Smechanism(Yarwood et al., 2005; ENVIRON, 2011 used expanded for the

treatment of secondaryganic aerosol production. The extended version of the mechanism used

simulates the concentrations B3 gasphasestable specieandof 13 free radicalsusing 269

chemical reactionsThe aerosekize composition distribution is simulated using the seatio
method with eight size bins for the diameter rafigm4 0 n m t amd tdkdOmore for larger
sizes used for particles that have grown to cloud droff&CAMX-SR in this studysimulates

in total 67 aerosotomponents both inorganic and anga PMCAMX-SR is flexible and its user

can select which OA source to treat independently of the others (biomass burning is selected

here) and also which OA parameterizations to employ.

2.1 Simulation of organic aeroso{basescheme)
PMCAMXx-SR uses the VBSramework(Donahue etla 2006; Stanier et al., 2008) for
the simulation of the various components of @4 does PMCAMXx)The VBS treats all primary

and secondary OA components as seohatile simulating their partitioning between the vapour

and particle phasel.also treats all of them as reactive allowing the simulation of both the initial

stage of formation of SOA but also | ater
Volatility is expressed ithe VBS using theffectivesaturation concentratioat 298 K C*, and
the volatility distribution is split in logarithmically spaced volatility bins (differencefaofors
of 10).

gene
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The emittedorimaryorganic compoundsclude:volatile organic compounds (VOCS?
O ®e0g -3)pintermediate voltlity organic compounds (IVOC<C* bins of 10°, 1¢¢, 1, and
10° £ g ®)psemivolatile organic compounds (SVOQs; the 1, 10, 10& g 2 @ bing and
finally low volatility organic compounds (LVOC<* O  0e.gl®)niDonahue et al., 2009)
PMCAMXx-SR uses the generic POA volatility distribution proposed by Robinson et al. (2007) to
simulate theanthropogenidOA emissions from all sources except biomass burniing total
VBS emissions ar@ssumed to b&.5 times the origial nonvolatile POA emissions in the
traditional inventoryused for regulatory purpos€Robinson et al., 200Murphy and Pandis,
2009; 2010) This default volatility distribution in previous studiasing PMCAMXx was
implemented to all sources of OA inding biomass burning.

In PMCAMX-SR, the fresh and secondary bb@dmponentsare modelled separately
from the other OA componenighich are simulated with the default PMCAMXx paramet@&tse
gasparticle partitioning parameters used for bbPOA species are the ones proposed by May et al.
(2013).However,the vohutility distribution proposed in thatudy only includegompounds up
to a volatility bin of 18 g m3. Thetotal emissions of the B¥DA components ithe 0.:10* C’
bins are assumed to egual tothe nonvolatile bPOA emissions in the traditional inventory.
Following the approach of Theodoritsi et al. (2020), thial emissions of thenore volatile
IVOCs (C* values of 16 to 1 eg mi®) aresetequal to 0.5 times the original nonvolatile POA
emissions. Thereforeghe totalbiomass burningrganic emissionsised in this studyware 1.5
times the original POA emissions.

SOA from anthropogenic volatilerganic compounds (aSGA and SOA from biogenic
volatile organic compounds (bS®A are represented by four volatility bins wi@f values
ranging from 1 to 1®pug nm? at 298 K. Longrange transport OAIrtOA) is assumed to be
heavily oxidized OAand istreatedin PMCAMx-SR as nonvolatile and nonreactiv@verall, the
OA componentsincluded explicitly in PMCAMXx-SR are: fresh primaryanthropogenicOA
(POA), fresh primary b®A (bbPOA),anthropogenic SOAom VOCs(aSOA),biogenic SOA
(bSOA), SOA from semivolatile anthropogenicorganic compounds (SQsv), SOA from
intermediatevolatility anthropogeniorganic compounds (SO#), bbSOA from semiolatile
organic compounds (bbSGgv), bbSOA from intermediatevolatility organic compounds

(bbSOAiv), andlong-range trasport OA.



182 All OA components (excepirom long range transport OQAare treated as chemically
183 reactive in PMCAMXSR. The rate constant used for the chemical aging reactitmshe OH

184 radicalis the same as the one currently used foprthary organic vpors in the VBSand has a
185 value of 4x10M cm?® moled! s't. SOA-sv, SOAiv, bbSOAsv and bbSOAv componentsare

186 assumed to further react with OH radicals in the gas phase, resulting in the formation of lower
187  volatility SOA and bbSOA componentll aSOA components are assumed to react with OH in
188 the gas phase with a rate constant of 1 ¥16m® molec! s'! (Atkinson and Arey, 2003).
189 Chemicalaging of bSOA(both homogeneous and heterogeneous reacimasgumed to lead to
190 a small net change of mass and is negle@tdphy and Pandis, 20)L0All the aging reactions
191 mentionedaboveare assumed ttakeplace only in the gas phase andaduce the volatility of

192 the reactedapor by one order of magnitude. These reactions are assumgstiftan an isrease

193  of the OA mass by 7.5% due to theded oxygen.

194 Table 1 summarizes the VB&arameters of all OA species in the b&4CAMx-SR

195 simulation. All POA and bbPOA components are assumed to have an average molecular weight
196  of 250 g mof, aSOA components df50 g mott, while bSOA species af80 g mott. The

197 effectiveenthalpies of vaporizationf @oth POA and bbPOA species are based on fits of diesel
198 and woodsmoke partitioning data (Lipsky and Robinson, 2006; Shrivastava et al., 2006).

199

200 2.2 Alternative bbOA scheme

201 The scheme o€iarelli et al. (2017a, bjor the simulation othe emission®f organics

202 from residential heatindpiomass burning and their evolution in the atmospldemng winter

203 wasalsoimplemented ilrPMCAMXx-SR The organic PM emissions (assumednvolatilein the

204 original inventory)are distributedin this schemeacrossfive volatility bins with saturation
205 concentrationsaluesrangingfrom 10t and10® ¢ gn™ following the volatility distribution and
206 enthalpyof vaporization proposed by May et al. (201Qyganicvaporsin this volatility range

207 are assumed to react with OMrining semitvolatile oxidation products with an order of
208 magnitude lower volatility:

209 AAo/ '/ (© AA3 /" (1)

210 wherei is the corresponding volatility bimbPOGis the primary emissions in the gas phase and
211 bbSOG are their oxidation productsragmentation processes arglicitly assumed to balance

212 the effect of the increase in oxygen content of the reacting mole8d#sschemes (base case



213 and alternative) do not simulate explicitly thumctionalization and fragmentation reactiombe

214 alternative schemef Ciarelli et al. (2017a, bassumedhat these two processes in a sense
215 balance each other leading to mass stoichiometric yield equal to unity in the correspmtding
216 reaction

217 All emitted IVOCsin this bbOA schemare assumed to haveC# value of10° eg m3

218 (Ciarelli et al., 2017ab), which is at the high end of the IVOC ggdtion concentration range

219 Theemission rate of thed®OCsis assumed to bé.75 timeshe primary OA emissions in the

220 original inventory.The IVOCs are assumed to react according to the following reaction:

221 AAO/ ' | (©

222 TAA3/ ' WIwAA3/ ' BIeMA3/ " TBIpAA3/ (2

223 vyielding secondary products with saturation concentratmgingfrom C*=1 to 10° ¢ gn. In

224  this reactiolA A 0 / ' stands for the primary emissions in the volatility bin withvalue gjual

225 to 1FPegm? whereadd A 3 / 'toA A 3 / 'are the secondary gas phase oxidation products of
226 the IVOCs with C values ranging from foto 1@ £g m=. For both primary and seconga

227 compounds aging is simulated assuming a gas phase neattioconstanvith OH of 4x10 !

228 cnm® moled! s'l. The lowestvolatility secondary bBOA components in this scheme have
229 C*=10' eg m3 sincethe C*=1 £g m™ speciescan react with OH to form lower volatility

230 products

231 Table lalsosummarizes the volatijitdistribution, the moleculawveights,and enthalpies

232  of vaporization of all bbOA species used in the alternative bbOA modeling scheme used in this
233 study.The enthalpies of vaporization usedtiis bbOA scheme are the ones proposed in Ciarelli
234 etal. (20%a, b) The structure of the VBS combined with the modularctire of PMCAMxSR

235 allow the user to change easily the corresponding parameters (volatility distributions, enthalpies
236 of vapoization, aging scheme, etc.) and therefore change the OA parameterization for the source
237  of interest.

238

239 3. Model application

240 In this study PMCAMXSR is usedto simulate threeseasonally representativeonths

241 (April, July, and Septembgduring 2008 for the continental US. The modeling domain also
242 included southern Canadand northern MexicoThe first two days of each simulation were

243  excluded from our analysis to allow for model spjm but the corresponding results are shown
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in time series plots. The modeling domain covers a region of>@8B2 knt with 36x36 km
grid cell resolutionand 25 vertial layersextending up td9 km (Figure 1) An annual CAMXx
simulation was performed for the same dontainbtainthe necessary initial conditions used in
our simulationgor each montENVIRON, 2013.

TheWeather Research and Forecast MoO®&RE) version3.3.1 (NCAR, 2012) was used
to produce theneteorological inputaeeded by PMCAMYSR. Theland-use datavere based on
the U.S. Geological Survey Geographic Information Retrieval and Analysis System (USGS
GIRAS) databaseThe photolysis ratenput data wes produced by the NCARropospheric
Ultraviolet and Visible (TUV) radiation modeThe chemicalboundary conditionsvere based
on simulations usinthe MOZART global CTM (Emmons et al., 201@dditional detailsabout
the model inputs can be foundRosne et al. (2019) and Theodoritsi et al. (2020).

The emission inventorysed in the current study tracks separatieébiomass burning
emissions from the emissions of othewurces. The latter are based tve US. National
Emissions Inventory2008 NEI) Biomass burning emissions include emissionprefscribed
burning agricultural burning, andvildfires and the methods used for their estimatrorentory
be found in WRAP (2013; 2014)he fire activity data used adescribed inRuminski et al.
(2006), Eidenshink et al(2007) andMavko and Randall2008. The approach usefr the
preparation, processing, and validation of fire attidiata were similar to those @fiedinmyer
et al. (2006) and Raffuse et al. (200Bpr fire consumption estimat€3ONSUME3 (Joint Fire
Science Program, 2009)as usedor all biomass burning sources excegticultural burnsfor
whichthe method from the WRAP 2002 emissions inventory was empOYBAP, 2005)

During all three examined periodsased on the emissions imteries usedbiomass
burning was a signifant POA sourcemainly in the Southeast U.SPdsner et al.2019
Theodoritsi et al., 2020). Specifically, during April, July and September respectively this source
represents approximately 25%, 65% and 37% of the BR@&l emissionsDuring April 19% of
the domainaveraged bBOA emissios rate are due taagriculturalburning, 47%to prescribed
burning and 34%to wildfires. During July due to the very highwildfire emissionsmainly in
northernCalifornia the domainraveraged BBOA emissios are mostly (96%)uwk to this source.
Agricultural burning contributed 1% armrescribed burninghe remaining 3%. For September,
wildfires in the west were stithe dominantsource and they were responsible for 73% of the

domain bBPOA emissions. Prescribed burning was ansigant source (22% of the BOA
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emission), whileagricultural burning was responsible for 5% of the emissi®osner et al.
(2019) and Theodoritsi et al. (2020) have presented analysis of the spatial distribution and
magnitude of these BXWA emissions.

4. Predicted bbOA concentrations

In this section the predictions of PMCAMSR for the baseaseand the alterrtave
bbOA schemeare analyzedin this workbbOA is defined as the sum pfimary (bbPOA and
secondaryfbSOA OA. The latter ighe sum obbSQA originating from semivolatile organic
compounds (bbSOAv) andfrom IVOCs (bbSOAiv). The small SOA contribution from VOCs
(Posner et al., 2019) is not explicitly accounted in the bbSiDAis included in the aSOA and
bSOA simulated by the modelhe results of the PMCAMYSR simulations with the two
schemes are shown in Figure8.1

During April both schemespredict approximately the same bbPOA concentrations
(Figure 1) that were as high as 3§ ni® on a monthly averageabis in the southetesn US.
These high levels were mainly due to prescribed burning. The differenpesdicted bbPOA
levels bythe two models were less than 84 n® (maximum difference in average leveis)all
areas of the domaifFigure 4) something expected given that theg tilee same volatility
distributions for the primary LVOCs and SVOCs. Predicted avegemendbbPOA levels over
the US were approximately0.02 eg n® (average of ground concentrations over the whole
domain).The domainand simulatioraverage bbPOA valuese quite low given that firesften
have a significant effedor only a few days for a limited area. These values are provided here
mainly to facilitate the comparison of the two parameterizatiofi$ie predictedobSOAsv
concentratiorfields wee also quite similar (differences less thanglyin®) for the two schemes
(Figure 1). This is also the consequence of the similarity of the volatility distributions and
chemical aging parameterizations used by the two schemes in the SVOC volatilitpfahge
biomass burning emissions. While the average bbS®Aevels over the domain were quite
similar to those of the bbPOA (around 0€02n3), the peak levels were lower with a maximum
monthly average concentration @5 £g m3. This spreading of thebSOAsv further from the
fires is the result of the time needed for the corresponding reactions to take place. The
predictions of the two schemes are quite different though for bbS@RAgure 1).For the base
schemethe bbSOAIv is equally important & the bbPOA and the bbSEWA contributeson

10
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average).02eg m of OA over the domain. The peak monthly average bbS0Ozoncentration

is predicted to be approximately2 eg ni® in the southeast. The predictions for bbS®Aor

the alternative scheme approximately an order of magnitude higheith a maxinum average

of 2 eg m® anda domain average d@f.2 eg n® (Figure 1) Even if the IVOC emissions are
assumed to be more volatile in the alternative scheme, their high emission rate allows the
production of significant concentrations of secondary OA froomiaiss burning that extend over

the eastern half of the country during this photochemically active period.

Both models predict that during April the bbSOA is the dominant component of bbOA on
average over the domain and even if it peaks in South Carolithahigh levels in North
Carolina and Georgia, it has average concentrations abovegOni® in most areas of the
Eastern US (Figure 5a). The alternative scheme predicts that this bbSOA contributiaotes a f
of 5-10 higher and around or aboveefy n® in the Eastern US. Adding everything together the
alternative scheme predicts an averdpOA concentration of 0.8g m? that is a factor of 5
higher than the average predicted by the base scheme (Figure 6a).

During July several major wildfiresoccurred in California and¢onsequentlybbOA
levels were particularly high ithe western USFigure 2a) reaching levels around 10 m3.

This presents a very different situation compared to the spring month discussed above. Once
more, the predictions of the two schemes for bbPOA were quite sifdiffarences less than

20%), even if the concenation levels at least in California were much highespite the
intensity of the fires in California, the low emissions in the rest of the country resulted in similar
average bbPOA levels over the domain as in April (84.571°) for both scheme®oth schemes
predicted similarly high bbSOAv levels with monthly average values up1®eg m® and

domain average values 6f2 eg m® (Figure 2b).The alternative aging scheme predicts high
bbSOAiv that dominate the overall bbOA in the domain with an ayeraf 2eg m®. The
average bbSOAv but also the peak levels predicted by the base scheme are more than an order
of magnitude lower (Figure 2c)The average bbSOA predicted by the base scheme was
approximately a factor of 7 lower (0.3 versusgni®) for the domain (Figure 5), while the total

bbOA was a factor of 5 lower (Figure 6). The differences between the two schemes exceeded 10
gg n3 on a monthly average basis over California, and were abegeni® over a large part of

the western US (Figure S1).

11
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During Septerber there were majavild fires once moren California but also in Oregon
(Figure 3). Smaller fires were present in New Mexico and in several southeastern states. The
predicted bbPOA average concentratieimilar for both schemes, were tlesvest of the three
simulated periods with a value approximately 0.Eg n3. The local monthly maxima we@5
and 75sg m® for the base case and the altermataging scheme respectivélyigure 3a) The
average bbSOAvV concentration based on the predictions of both schemes were a factor of 6
higher (around 0.&g m®) than the average bbPOA concentration. The average bisSOA
during the month exceeded &g m® over a wide region covering most of the western coast of
the US and parts of the Pacific. The peak monthly average bis8@éncentration waseg s
for both simulations Finally, for the bbSOAv the alternative scheme predicted both domain
average and peak concentrations that were approximately an order of magnitude higher than the
base scheme (Figure 3&pr the base case simulatidhSOAiv was as high as gdg m with a
monthly average value of approximately 0€dpni® whereas the same values for the alternative
aging scheme were 45 m® and 0.7eg m* respectively.As a result, the alternative scheme
predicts average bbSOA levels that are a factor offfeh than the base case (0.1 versus@.7
m) (Figure 5c)and total bbOA levels that are a factor of 4 hig{fégure 6c) For the peak
monthly average concentrations, the differences are a factor of 5 for bbSOA and a factor of 1.5

for bbOA (given thathe bbPOA is a dominant component near the fires).

5. Model evaluation with field measurements

The predictions of PMCAMSR for daily average’M.s OA were compared to the
corresponding measurements in XBiemicalSpeciationNetwork (CSN) sites (located mainly
in urban areas) and 16&teragency Monitoring of Protected Visual Environmet4RROVE)
sites (located mostly in rural and remote areas). Tlhizsky averagemeasurements were
collected once every three once every sixlays and include both the Blmass concentration
and its composition. The organic carbon (OC)/organic aerosol (OA) measurements are used here
given our focus on biomass burning OA. The 6PM. s aerosol samples collected on quartz
fiber filters is measured using thermal optical analysis with the corresponding temperature
protocol (Chow et al., 2007). Most measurements were collected in paehuwwohg which the
corresponding site was not impacted by biomass burning, therefore the use of the complete data

set would complicate the interpretation of the evaluation results. To avoid this complication, we
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have followed Posner et al. (2019) and del@¢®nly the periods during which the base case of
PMCAMXx-SR predicts daily average concentrations higher than a threshold value. Three such
thresholds were used to denote all periods with even a low biomass burning (thpesttold
0. 1 9, all paridds with ntermediateor higher impac{threshold0 . 5 ¥ gnd periods
with high i mpa o). Tetmodelepsediatidn dor the daygand location of the
measuremeris compared directly against the corresponding measurement.

The statistial metricsthat wereused for the evaluaion of the two schemesre the mean
bias (MB), the mean absolute gross error (MAGE), trectional bias (FBIAS), and the
fractional error (FERROR(Fountoukis et al., 2011):

06 PgB 0 O 3)
06 00P:;B © Us (4)
kv 0 0
06 00 ¥ B 5o (5)
oYYy Y ¥ UL (6)

whereP; is the predicted value of the pollutant concentrationis the corresponding observed
value and n is the total number of data points used for the comparison.

Theodorisi et al. (2020) have already analyzed the performance of the base scheme of
PMCAMXx-SR for the same three periods. They concluded that during April the performance of
the base scheme is good according to the Morris et al. (2005) criteria and the masleéb tend
underpredict OA (fractional bia®.16, fractional error 0.51 for the low threshold). PMCAMXx
SR showed little bias {8%) during July but had a relatively high fractional error (around 55%),
so its summer performance was considered average for ibdgaffected by biomass burning.
Finally, the model overpredicted the OA levels in September with the errors increasing when the
predicted bbOA concentration increased. This made its performance average to problematic
during this period. The metrics ofishevaluation by Theodoritsi et al. (2020) for the base case
PMCAMXx-SR simulation can also be found in Table S1 for completeness.

The bbOA predictions of the alternative scheme are in general higher than those of the
base scheme. This leads to a small ompment of the performance of PMCAMR during
April especially for the low bbOA threshold (Table 2). The model now tends to overpredict OA,

while the base scheme underpredicted. For this case, the fractional bias is reduced (in absolute
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terms) from-0.16to 011 and the fractional error from 0.51 to 0.48. The improvements are minor
for the medium threshold, while for the high threshold the fractional bias increasesQftdnto

0.28) while the fractional error decreases (from 0.53 to 0.5). So oveeallséhof the alternative
scheme appears to lead to a small improvement of the PMC3®RIpredictions during this
period, but with a tendency towards overprediction especially close to the sources of biomass
burning.

During July, the base scheme reproddcthe OA observations in areas affected by
biomass burning with little bias. The alternative scheme predicts a significantly higheiwSOA
production during this period and results in a substantial overprediction of the OA levels in areas
with bbOA above lhthree thresholds (Table 2). The bias increases for the areas closer to the
fires (higher threshold). These results strongly suggest that the alternative scheme is too
aggressive in the production of S@)Aduring this summertime period with intensivdadhiires.

PMCAMXx-SR using the base scheme has difficulties reproducing the OA concentrations
in areas affected by fires. Given that the base scheme already overpredicts OA levels, the
increased SOAv predicted by the alternative scheme leads to additidatdrioration of the
model performance. The alternative schesmlestantiallyoverpredicts OA and the fractional bias
increases closer to the sources of biomass burning. Overall, the performance of the alternative

scheme during September is like that dgidaly.

6. Importance of theVBS parametersused in the two bbOA schemes

The difference in the IVOC emissions and aging schemes appears to explain a large
fraction of the differences in the predictions of the two schemes in the simulated periods.
Howeve, there are other potentially important differences in the parameters used in the two
schemes. These different parameters include the enthalpy of vaporization and the molecular
weights of the various bbOA components. The effect of these together widifeloe of the
assumed volatility distributions of the emitted bbOA componemd the assumed aging
schemes wasvestigated Sensitivity tests were performed for one of the three periods (April
2008) to quantify the individual effect of these parametarthe predictions of PMCAMSR.
The results of these tests and their comparison with the base case results are analyzed in the

subsequent sections.
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6.1 Enthalpy of vaporization

In this first sensitivity test, we changed the effective enthalpies ofrizagion of the
bbOA components (bbPOA, bbS&#, bbSOAIv) in the base scheme from their original values
that varied from 64 to 106 kJ mbto those of the alternative scheme (Table 1). The new values
were equal to 35 kJ nibffor the bbSOA components @varied from 37 to 70 kJ méfor the
bbPOA. This test allows us to quantify the importance of the significantly lower enthalpies used
in the alternative scheme based on the worKiafelli et al. (2017a, b)All other parameters of
the base scheme wekept the same.

The changes in the predictions of the model were small, a few percent or less (Figure S2).
The use of the higher original enthalpies of vaporization resulted in a little higher concentration
for all bbOA componentsThe maximum monthly avage changesere 0.3sg n1e for bbPOA,
0.03 eg m® for bbPOAsv, 0.03eg m® bbSOAiv and 0.4sg m? for total bbOA all near
SavannahGeorgiaHowever, for most of the US the change in total bbOA was less thae .05
m3. Therefore, the major differencesbbSOAiv predictions of the base and alternative scheme

were not due to their different enthalpies of vaporization.

6.2 Molecular weights

The base scheme assumes a molecular weight of 250 pfonall bbOA components
while a range of molecular vights from 113 t®216 g mot* are used in the alternative scheme
(Table 1). These variable molecular weights are also intended to account for fragmentation
effects and are accompanied by a stoichiometric coefficient equal to unity (instead of 1.075 in
the base scheme). We replaced the molecular weights of the base scheme with those of the
alternative, changed the stoichiometric coefficients in the aging reactions from 1.075 to 1, kept
everything else the same, and repeated the April simulation.

The impact 6 these changes in thenolecular weight valuesand stoichiometric
coefficients was small (Figure 7Jhe maximumconcentratiorchanges for the monthly average
concentrations wer@.02eg m™ for bbPOA, 0.0%g m™ for bbSOA-sv, 0.1£g m™ for bbPOAiv
and 0.1eg m™ for total bbOAall in the borders between South Carolina and Geofgjie.use of
the Ciarelli et al. (2017) parameters (molecular weights and aging stoichiometric coesfficien
led to very small reductions of the bbPOA and bb&VAevels and small increases in the
bbSOAiv levels. The latter dominated the overall bbOA change which increased by 0.01 to 0.03
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eg m®in large parts of the Eastern US and by @0Beg m in Sauth Carolina and Georgia.

These changes are still only a few perc@ihis small impact of the changes is partially due to

the fact that they cancel each other to a large extent. The decrease in molecular weights leads to
increased partitioning towards tiparticle phase and therefore higher bbOA levels, where the
decrease in the aging stoichiometric coefficients has the opposite effect for the secondary

components.

6.3 Volatility distribution of biomass burning emissions

In this test, the emissions ofettvarious organic compounds in the VBS from biomass
burning were changed from these of the base scheme to those of Ciarelli et al. (2017) (Table 1).
This change does not affect the LVOC emissions and the SVOC emissions for C* less or equal
than10?¢ g ~.iHowever, it increases the emissions of1bée g - wolatility bin (by adding to
these emissions those that are in % ¢ g 2 in) and also increases significantly the
emissions of the IVOCs in the @€ g - while it zeros those in thE0° ¢ g ~ Ioin.

The use of the Ciareli et al. (2017) volatility distributions leads to significant changes of
the predicted bbOA concentration levels (Figure@gll areas, and for all bbOA components it
predicts higher concentrations.hd maximum concentration dferences between thavo
simulatonswere 01 eg m for bbPOA 0.1eg m for bbSOAsv and 1.5g n for bbSOAiv.

These differences are quite similar in magnitude to those of the base and alternative schemes
(Figure 43. Thisstrongly suggestthat the differences in the assumed bbOA volatriésplved
emissions is mainly responsible for the differences in the bbOA predictions of the two schemes.
For example, for the average total bbOA in the modeling domain the change in the volatility
distributions led to an increase of the base case resultddéy g ~.mhis should be compared

with the0.2 ¢ g *that is the difference between the average bbOA predicted by the base and
alternative schemes.

The most important difference is the change in the IVOC emissions resulting in
significant changes of thebSOAiv. The predicted bbSO4y of PMCAMx-SR with the base
scheme using the default and the Ciarelli et al. (2017) bbOA volatility distributions are depicted
in Figure 9.The monthly maximum concentratiovas predicted to be 0.2 and £ n for the

bae case and the alternative bbOA scheme respectivelgouth Carolina.This is also

16



488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517

consistent, with our conclusion that the difference in the IVOC emissions is the leading cause of

the differences of the predictions of the base and alternative schemes.

7. Conclusions

An alternative bbOA scheme based on the work of Ciarelli et al. (2017a, b) has been used
in PMCAMx-SRto quantify the impact ddbOA on ambient particulate matter levels across the
continental U.S durindipril, July and September 200&he alternativeparameterization was
originally developedased omnesidential heating biomass burning experiments (i.e. combustion
in stoves) In this study we tesits applicability for the simulation of the bbOA fromther
sources (wildfires, prescribed and agricultdmatning in different periods

The alternative scheme predicts in genenakch higher bbOA levels than the baseline
scheme for &lseasonsBoth schemes suggest that secondary production is a major process for
the average bbOA levels over the US in all examined pertdolsever, the alternative scheme
predicts that the production of secondary aerosol from intermediate volatil#giorgpmpounds
emitted during biomass burning is a factor et® higher than that of the base scheme. The
differences in the predictions of the other bbOA components (primary bbOA and bbOA from
semivolatile compounds) are low to modest.

A set of sensititty tests showed that the most important difference between the two
schemes is the assumed emission rate of intermediate volatility organic compounds together with
their oxidation to form secondary organic aerosol. The impact of other different parameters,
including the assumed enthalpies of vaporization and molecular weights was small.

The performance of PMCAMSR using the two schemesas evaluated against
observed valuegbtained froml61 CSN and162 IMPROVE networkmeasurement sites across
the US. Durig April the use of thealternative scheme leads tosmall improvement of the
performance of PMCAMYSR. Howeverduringthe more photochemically active periaafsJuly
and Septembewyith intense wild fireshe PMCAMXxSR performance for OA deteriorates whe
the alternative scheme is used instead of the base schémsestrongly suggests that the
production of SOAv undertheseconditionsis too aggressiveFragmentation reactions may
become more important under these conditions leading to lower prodotg8enondary organic

aerosolOur analysis suggests that the alternative scheme could be used during thdikepring
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conditions, but it should probably be avoided during survikerperiods characterized by

intensive wildfires activities

The alternativescheme considered here has been derived based on experiments using
residential heating emissions. An assumption used in most biomass burning OA simulation
efforts so far is that the same parameterization can be used for the diffareimg types:
wildfires, agricultural burning, residential heating, prescribed burningOetrcwork provides
some support to the hypothesis that different parameterizations may be needed for residential

heating and wildfiresThis is clearly an issue that deserves additicattention in future

modeling efforts.
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727 Table 1. Parameters used to simulataPOA, bbSOAsv and bbSOAv in PMCAMx-SR.
728

C* at 298 K
107 10° 10t 107 10° 10 10° 10°
(eg n®)
Base Scheme
Fraction of
bbPOA 0.2 0.1 0.1 0.2 0.1 0.3 0.25 | 0.25
emissions
p bbPOA,
® bbSOAsv, 106 100 94 88 82 76 70 64
(kJ mot?) .
bbSOAiv
bbPOA,
MW
bbSOAsv, 250 250 250 250 250 250 250 250
(g mol™) .
bbSOAiv
Alternative bbOA scheme
Fraction of
bbPOA 0.2 0.1 0.1 0.2 0.4 0 0 4.75
emissions
y bbPOA - 70 59 48 37 - - 64
® bbSOAsv 35 35 35 35 35 35 35 35
(kJ mol?)
bbSOAiv 35 35 35 35 35 35 35 35
MW bbPOA 216 216 216 216 215 215 215 113
( ) bbSOAsv 194 189 184 179 179 179 179 179
mo
J bbSOAiv 149 144 140 135 131 131 131 131
729
730
731
732
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733
734 Table 2. PMCAMXx-SR alternative scheme OAgqaiction skill metrics against observed values
735 from CSNand IMPROVEnetworks at biomassmpacted sites.

736 # Mean Mean
_ MB MAGE
737 Measur. | Observed | Predicted FBIAS | FERROR
(eg M) | (eg nrd)
738 (egm® | (egnr)
739 bbOA >0.1eg m?
740 April 538 451 4.7 0.19 2.18 0.11 0.48
741 July 1168 5.14 11.78 6.64 7.72 0.59 0.75
742 September 937 3.45 6.61 3.16 4.44 0.60 0.77
-3
743 bbOA > 0.5egm
244 April 163 6.29 7.43 1.14 3.07 0.21 0.45
245 July 468 6.46 20.32 13.85 14.64 0.97 1.01
216 September 270 4.45 11.90 7.45 9.38 0.85 0.98
bbOA > 1eg m?3
747
248 April 53 7.91 10.22 2.31 4.41 0.28 0.50
July 311 8.20 27.04 18.85 19.86 1.03 1.08

749

September 150 4.23 16.73 12.50 13.14 1.03 1.10
750
751
752
753
754
755
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756 (a) Fresh bbPOA
757

Base case Alternative bbOA scheme
. . § 101 § § . . . — 101
10°
107"
758 102
759
(b) bbSOA-sv
760 Base case Alternative bbOA scheme
: —r< g 10°
10 1 n‘g m 3
761 1072
762
763
10°
mym3
10"
764 1072

765 Figure 1. PMCAMx-SR pedicted ground level concentrations i) freshbbPOA, p) SV-
766  bbSOA-sv and €) SV-bbSOA-iv from all biomass burning sources duriAgril 2008. Left
767 column refers to the base case simulations aght rcolumn to the simulations with the
768 alternative bbOA scheme. All concentrations aregmi®,
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769 (a) Fresh bbPOA

770 Base case Alternative bbOA scheme

10’

10° mgm-3
107"
771 102
772 (b) bbSOA-sv
773 Base case Alternative bbOA scheme
774
775 (c) bbSOA-iv
776 Base case Alternative bbOA scheme
102
10"
mg m'3
10°
107"
777 — 102

778 Figure 2. PMCAMx-SR pedicted ground level concentrations i) freshbbPOA, b) SV-

779 bbSOA-sv and €) SV-bbSOA-iv from all biomass burning sources durirdyly 2008. Left

780 column refers to the base case simulations and right column to the simulations with the
781 alternative bbOA scheme. All concentrations aregmi?,
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82 (a) Fresh bbPOA

783 Base case Alternative bbOA scheme
g O <]
10" 10"
0 0
10 10 mgm?
107" 107"
784 102 102
785 (b) bbSOA-sv
786 Base case Alternative bbOA scheme
787
788 .
(c) bbSOA-iv
789 Alternative bbOA scheme
10"
0
10 —
10"
790 1072

791 Figure 3: PMCAMXx-SR pedicted grond i level concentrations ofa) freshbbPOA, p) SV-

792 bbSOA-svand €) SV-bbSOA-iv from all biomass burning sources durifgptembeR008. Left

793 column refers to the base case simulations and right column to the simulations with the
794 alternative bbOA schem@ll concentrations are iag m=.
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