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Global secondary organic aerosol from isoprene oxidation
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[1] Inclusion of isoprene as a source of secondary organic
aerosol (SOA) in a global model increases the global burden
of SOA from all sources by more than a factor of two. The
isoprene source substantially increases SOA concentrations
in the free troposphere, because isoprene, and, more
importantly, isoprene’s oxidation products, have much
greater concentrations at higher altitudes than other
biogenic SOA precursors, highlighting the importance of
semi-volatile organics for SOA formation. These results are
robust with respect to increases in partitioning of non-
isoprene oxidation products at higher altitudes and
increased wet removal of isoprene oxidation products.
This additional source of SOA enhances production of SOA
from other parent hydrocarbons by 17%, and leads to an
overall distribution of SOA that differs enough from
previous predictions to warrant reevaluation of
the radiative effects of organic carbon aerosol.
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secondary organic aerosol from isoprene oxidation, Geophys. Res.
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[2] Secondary organic aerosol (SOA), formed when ox-
idized products of volatile hydrocarbons condense, often
comprises a substantial portion of the organic mass fraction
of atmospheric acrosols. The prevalence of organic carbon
aerosol on a global scale makes identifying significant
sources of SOA an important task, as carbonaceous aerosol
is known to strongly influence air quality and climate
change. Model predictions of organic carbon aerosol con-
centrations have exhibited a low bias not present in coinci-
dent predictions of black (elemental) carbon, with this bias
being attributed to under-prediction of SOA [Heald et al.,
2005; Tsigaridis and Kanakidou, 2003].

[3] Isoprene (CsHg) is the second most abundant hydro-
carbon emitted into the Earth’s atmosphere after methane
(~500 Tg yr~' [Guenther et al., 1995]). Although it has
long been assumed that all its products remain in the gas
phase, if isoprene were to yield even a small amount of
aerosol, this would have a profound effect on global sources
of organic aerosol. Biogenic volatile organic compounds
other than isoprene, such as terpenes and sesquiterpenes, are
presently believed to be the largest source of SOA mass on
a global scale, with model estimates of the magnitudes of
these sources ranging from 12—70 Tg yr~' [Kanakidou et
al., 2005]. Recent laboratory chamber studies of isoprene
photooxidation show that SOA yields are 1-2% at high
NO, levels [Kroll et al., 2005] and ~3% at low NO, levels
[Kroll et al., 2006]. Furthermore, organic acrosol collected
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in forested areas is strongly indicative of an isoprene
precursor [Claeys et al., 2004a, 2004b; lon et al., 2005;
Kourtchev et al., 2005; Matsunaga et al., 2003]. The impact
of such a potentially large source of carbonaceous aerosol
necessitates careful investigation of the fate of isoprene
oxidation products on a global scale.

[4] Claeys et al. [2004b] estimated SOA production from
isoprene to be 2 Tg yr~' by simply multiplying an estimate
of global isoprene emissions by an observed yield of
condensed polyols from isoprene; subsequent recognition
of additional SOA production pathways increases this
estimate [Claeys et al., 2004a]. Cloud processing of iso-
prene oxidation products alone has been calculated to con-
tribute 1.6 Tg yr ' of SOA [Lim et al., 2005]. Matsunaga et
al. [2005] estimated a source of SOA from isoprene in the
range of 10—120 Tg yr~'; however, this study neglects the
effects of temperature and background organic particulate
matter concentrations on gas - particle partitioning, factors
known to strongly influence SOA formation.

[5] Recent availability of data from laboratory chamber
studies of isoprene oxidation [Kroll et al., 2005, 2006]
allows us to now assess the global SOA forming potential
of isoprene in a more fundamental manner. Several factors
influence SOA formation, such as the ambient NO, con-
centration, RO, concentration, temperature, and heteroge-
neous reactions [Limbeck et al., 2003; Czoschke et al.,
2003; Edney et al., 2005; Kroll et al., 2006]. Until the
mechanisms that govern these types of behavior are pre-
cisely known one must use empirical parameterizations
based on actual laboratory data [Kanakidou et al., 2005].

[6] For inclusion of SOA in global models, the frame-
work of the two-product model [Odum et al., 1996; Seinfeld
and Pankow, 2003] provides a method for predicting the
formation of SOA based upon empirical parameters deter-
mined from laboratory chamber studies even when the exact
chemical nature of the aerosol products, or even the inter-
mediate gas-phase oxidation products, are not known
[Griffin et al., 1999b]. The model describes the oxidation
of a parent hydrocarbon to produce two representative gas-
phase products with stoichiometric coefficients o and ay.
Subsequent partitioning of these products into the aerosol
phase is governed by the availability of pre-existing organic
aerosol and by their equilibrium partitioning coefficients,
K, K5, taking into account the temperature dependence of
the partitioning coefficients using the Clausius-Clapyeron
equation. At the moment condensation onto other (non-
organic) aerosol species is not considered, though this
would afford increased SOA formation from all species
[Tsigaridis and Kanakidou, 2003].

[7] We simulate global SOA formation using the chem-
ical transport model GEOS-Chem (version 7.2.4 with a
horizontal resolution of 4° x 5° and 30 layers up to
0.01 hPa, GEOS-3 meteorological fields [Park et al.,
2004]), previously implemented with a gas-particle parti-
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