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Abstract

Biogenic VOC (BVOC) emissions play a significanteras precursors of secondary organic aerosol (S§0#) on a regional and global
scale. The modelling of SOA requires knowledgeheffiactors that determine the emission rate ofitbst relevant biogenic species. Even
though there are still considerable uncertaintibe, data availability for isoprene or monoterpeigeselatively good. Very little data,
however, is available for sesquiterpenes, mosthabse they are challenging to measure. Smog chagmperiments using sesquiterpenes
as precursors have shown high SOA yields. Thibasght to be due to the high molar mass of oxidapi@ducts and their associated low
volatility. The air quality model CAMx (Comprehemsi Air quality Model with extensions, by ENVIRONhdludes a sesquiterpenes
pathway to SOA that would partly close the gap leetwobservations and model predictions of orgagicsals. In this model exercise, the
sensitivity of SOA formation in Switzerland in JuB@06 to BVOC emissions is studied. We use CAMsiger 5.10 with CB05 chemical
mechanism and the coarse-fine aerosol option. MMEsion 3.7.4 is used as meteorological driver. Welys the effect of different
parameterisations of BVOC emissions that are basegharlier work of our group and new data repobtgathers. In this paper, we report
the sensitivity of the model output to the emissiohisoprene, monoterpenes and sesquiterpenesdatifferent sites in Switzerland.
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INTRODUCTION

Several studies have shown that the biogenic ptaguof volatile organic compounds is several osdafr magnitude larger
than the anthropogenic emission of these pollut@dglquist et al, 2009). In summer, the oxidation of these biogenic
volatile organic compounds (BVOCSs) is suspectedaiatridoute substantially to particulate matter init@erland Gzidat
2009). The three most important classes of BVOC soprene(CsHg), monoterpenes (gHig compounds containing two
isoprene unitsand sesquiterpenes 18,4, compounds containing three isoprene units). Tagettith NO, (mostly from
anthropogenic sources), these compounds contributee formation of secondary pollutants such amezand secondary
organic aerosol (SOA). Sesquiterpenes are beligvde very effective SOA precursoBopin and Moortggt2003), since
they have a much lower volatility than lighter isepoids even before being oxidized, mostly duéhehigher molar mass.
However, there is still a debate on the volatitifythe products of sesquiterpene ozonolysis. Theeeindications that they
are more volatile than currently believed in thedeltng community Asa-Awuku et al.2009). In the chemical transport
model CAMX, sesquiterpene oxidation products aneectly treated as non-volatile, which means thateoformed, they
stay in the aerosol phase until removed from thetesy. The aim of this study is to evaluate theumriice of BVOC
emissions on SOA formation in Switzerland in JuB@&with a special focus on sesquiterpenes.

METHODOLOGY

This study was carried out with the offline-coupliM5-CAMx modelling system. It was driven by our CARxnner
Modelling framework that is presented as a podténia conference. MM5 (Version 4.7.5) ran with &6€A boundary layer
scheme Janji¢, 1994) using three nested domains. The other wwoaihs were nudged towards COSMO-7, whereas the
innermost domain (which is the domain of intereat) freely. Since we focus on Switzerland, the imuest domain with a
horizontal resolution of 3km x 3km covers only Seitand. The nesting factor is 3, resulting in sohetion of 27km x
27km in the master domain. The lower right corrfethe master domain is about 4° west of Cadiz adpper right corner
is about 2° west of Vilnius. The coordinate prdmttis Lambert Conformal, which is suitable for néditudes. CAMx
(Version 5.10, ENVIRON 2009)) used the same grid setup, except the umiffdr cells around all non-master domains.
Version 5.10 of CAMXx features a new chemical sokvethe existing CMC (Chemistry Mechanism Compiler) splwas
replaced by the EBI (Euler-Backward Iterative) sal@ther new features such as the ACM2 (Version th@fAsymmetric
Convective Model) scheme for vertical transport weseused.

SOA formation in CAMx 5.10 is based on a partitignscheme called SOARS{rader et al. 1999). It uses seven pairs of
condensable gasses and corresponding aerosol ppasies. Anthropogenic SOA is formed from tolueaged xylenes
alone, while biogenic precursors are isoprene, navpenes and sesquiterpenes. Both anthropogenibiagdénic SOA
undergoes slow oligomerisatiokglberer et al, 2004) — the product species SOPA (anthropogeamid)SOPB (biogenic) no
longer partition to the Gasphase. Sesquiterperdupts also no longer partition back to the Gasphasee they are formed.

Biogenic emissions were generated using two diffea@proaches: emCAMX is based on several oldeliestu@ndreani-
Aksoyoglu and Keller1995), whereas the new simplified model SimBioEnWXAuses basal emission data from
(Steinbrecher et gl.2009). Both emission models share the same amtbemic emission, their landuse data and
meteorological input.

SimBIioEmMCAMX is based on the approach Buénther 1997) where the emission rates of the differemmounds are
calculated as:

E_lsoprene =g@isop photo f DM * v
E_Mon0terpene :Ogmt_photo_ik bmdl * vt QJ_ml_pooI* bmdl * exp(ﬁ* ( T-To ))
E_Sesquiterpene 3 64 ool bmd; * expB * (T - Tp))
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e_0 are the basal emission rates of the given conthfor tree i as given bys{einbrecher et a12009) in k)g Compound/(h
* g leaf dry weight)] at 30°C and PAR=1Q080l m? s*. The factor bmd is the biomass density of tregelepf dry weight /
m?]. The environmental correction factpincludes both a term for temperature as well a®f&R (photosynthetically active
radiation) Guenthey 1997).3 controls the response to the temperature, we wséua of 0.09 K. T is the leaf temperature
in °C and TO is the reference Temperature 30°C.

The unit of the result isg Compound/(h * 1f) — the emitted species mass per hour and squdes oferojected tree area.
We distinguish between species whose emissionngated by VOC production (such as isoprene and otenpenes) and
species whose emission is controlled by evapordtiom storage pools (such as sesquiterpenes). é&mCgontains a
radiation transfer model, which accounts for lighattering in the canopy and temperature changestirey from shading.
SimBioEmCAMx does not account for these effects.

Table 2 contains the emission scenarios that weed.u5cenari®QT10_5.10s based on the assumption that sesquiterpene
emissions are about 10% of the molar monoterpenssams. This assumption was used by other modekerg. (ane et

al., 2008), but often, these assumptions (like inghper cited) are based on the US vegetaBem207ses the parameters
given in Steinbrecher et g12009) “as is”. This resulted in much lower emass than with the original emCAMX, which
includes canopy-correction which, in turn, reduties emission rates. We further investigated thisgushe potential
maximal values for the basal emission rates (Stestter, 2010). We conducted the S@m208vhich we see as an “upper
limit” run, where sesquiterpenes of Sem207 areclaby a factor of 10 and monoterpene emissiongtdry a factor of 1.5.

In the case of sesquiterpenes, such high valuesrding to Steinbrecher, are only realistic underssful conditions (very
high ozone, high temperatures or draught).

Table 2: Emission scenarios discussed

Scenario BVOC model Features

SQT10_5.10 emCAMx Sesquiterpenes are prescrib&@%sof molar monoterpene Emissions

Sem207 SimBioEmMCAMx Basal emission rates taken fi8taifbrecher et a12009)

Sem208 SimBioEmMCAMx  “Upper limit values” for basahission rates according to Steinbrecher (Pers. Cdmm.

We will report results for the two Nabel measuretrestwork Bruggisser et aJ.2007) stations “Payerne” (6.94°E, 46.81°N,
489 m asl.) in the Swiss plateau and “Lugano” (89@16.01°N, 281 m asl.) South of the Alps. Payeepeesents a rural
station, while the station of Lugano is urban.

RESULTS AND DISCUSSION
Emissions

Table 3shows the total emissions in both the innermostalornthat covers Switzerland and the outermost dorttaat

surrounds a large part of Europe. None of theseasims shows a predominance of isoprene that idigiesl by other
studies, includinggimpson et al1999).

Table 3: Calculated BVOC Emissions for Switzerlgimhermost domain) and Europe (Outermost domainjdoe 2006

Scenario Switzerland Europe
SQT10_5.10 Isoprene: 1.7 Gg 37.8 Gg
Monoterpenes: 28.3 Gg 743.9 Gg
Sesquiterpenes: 4.2 Gg 111.6 Gg
Sem207 Isoprene: 8.8 Gg 223.1 Gg
Monoterpenes: 7.2 Gg 249.4 Gg
Sesquiterpenes: 0.6 Gg 17.9 Gg
Sem208 Isoprene: 8.8 Gg 223.1 Gg
Monoterpenes: 10.9 Gg 374.1 Gg
Sesquiterpenes: 5.8 Gg 179.2 Gg

SOA Formation

The three scenarios discussed differ strongly wépect to Total Biogenic Secondary Organic Aerdésioboth locations
(Figure 2). Sem208 (the “Upper Limit” run) is doratad by its high contribution of sesquiterpenesciwhgrows with
temperature. In the second half of the month, teatpees increased at both stations, we attribigedtiminance of sem208
in the second half of the month in both casesitofttt.

The shape of the diurnal profiles for both locasi@re not in agreement with other studiéedehan and Bowmag001),
however, aerosol mass spectrometer measurementS)(8diried out at Payerne and subsequent facttysséPMF, Lanz
et al, 2009)) shows a similar diurnal cycle with sma#enplitude (Figure 3).
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Figure 2: Results for Total BSOA
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Figure3: Results from FA-AMS data (Payerne only)

Modelled particulate sulfate shows a similar dilipettern at Payerne as measured and modelled S®/awpeak betwee
3 and 5 UTC and a weaker peak at 16 UTC. Howeversivted particulate sulfate shows different behavieitin a broac
peak around 10UTC (noon).

The diurnal pattern of the sequiterpene SOA islamto the other compoundFigure 4 even though one might expec
peak around 10UTC due to strong prction and the absence of partitioning back to thgphase. The reason for this n
be the strong influence of the boundary layer heighen though production of sesquiterpenes isigest around noon, tl
increased boundary layer height dilutes thdutants strongly.

The Monoterpene time series (Figudesfow that the predicted emissions of emCAMx (S@HBL10) are much higher th
those by SimBioEmMCAMX.

Time serfriﬁes of isoprene are not shown here, siiealsolute concentrations of isoprene SOA wasyalsmaller thai
0.15pg/nT.

In Payerne, all three scenarios show a clear dam@af sesquiterpene SOA in average BV(Figure6). The contribution
of monoterepene SOA is large when using the egjgimission model emCAMX, or when increasing mopeEBee emissio
rates as in Sem208. The relative contribution @btene is high when using the original basal emiss{8esn207— but in
this case, the total SOA produced is very low campao the other two scenari
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Figure 4: Results for SOA from sesquiterpenes
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Figure 5: Results for SOA from Monoterpenes
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CONCLUSIONS AND OUTLOOK

We showed almost linear behaviour of SOA with resge BVOC emissions in the relatively low concetitna range
studied. Isoprene emissions may play an importetglobally, but our results suggest that in Seviemd they are not very
important, mostly due to the predominant tree gzeci

From the comparison of the runs sem208 and SQT10 \Be conclude that the assumption that sesquitegpare 10% of
the Monoterpene emissions is exaggerated for Sthatm, since sem208 is really an extreme case.

The correct modelling of sesquiterpenes might bg eemplicated, because of the relevance of thesgounds as stress
signals Mentel et al. 2009). Especially the ozone concentration seerate an influence on sesquiterpene emissions. Thi
implies that online emissions models might be ndediaere emissions are generated in each CTM tiepe st

New formation mechanisms as put forward Bglfinson et al.2007) might change this picture fundamentally.

Also the influence of land use data on biogenicssion data must be stressed, it is favourabledgdhessame data source at
all resolutions (grid sizes) if possible.
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