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MODELSMEASUREMENTS

Models rely upon measurements, and can in turn inform and guide future 
measurement directions



MEASUREMENTS

What does GEOS-Chem predict for the physical and chemical conditions 
relevant to SOA formation, and how do these conditions compare to those 
of chamber studies?

In other words, how sure are we that we are comparing SOA apples to apples?



Temperature and humidity together represent key ambient conditions 
relevant to SOA chemistry and partitioning
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Temperature and humidity together represent key ambient conditions 
relevant to SOA chemistry and partitioning
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Together, frequencies of temperature and humidity levels provide a 
snapshot of representative conditions at the surface



Summing population counts instead of grid cells shows relevance for 
the areas most people live



How do these representative conditions compare to the conditions 
used for SOA chamber studies?

• 66 SOA chamber studies 
reviewed for species and 
ambient conditions used

• This is a work in progress –
apologies if your work has not 
been added yet! 

Grid cell count

Grid cell population count



How do these representative conditions compare to the conditions 
used for SOA chamber studies?

Study count by speciesGrid cell count

Grid cell population count



Mass loading represents another key factor of SOA formation that can 
be compared for modeled atmospheric relevance

Mean monthly surface OA (2013)



Mass loading represents another key factor of SOA formation that can 
be compared for modeled atmospheric relevance

GEOS-Chem

Mean monthly surface OA (2013)
Frequency density of chamber mass loading 
vs. GEOS-Chem OA (population > 0)



Mass loading represents another key factor of SOA formation that can 
be compared for modeled atmospheric relevance

Frequency density of chamber mass loading 
vs. GEOS-Chem OA (population > 0)

GEOS-Chem

Chamber 
studies

Mean monthly surface OA (2013)



Ja
nu

ar
y

Ju
ly

11266 H. O. T. Pye et al.: Global organic aerosol

Primary SVOCs from biomass burning, biofuel burning,
and other anthropogenic sources are represented using an
Odum 2-product fit based on the work of Shrivastava et al.
(2006), as implemented by Pye and Seinfeld (2010). SVOCs
are emitted as two species with saturation concentrations of
1600 and 20 µg/m3 at 300K. As the gas-phase SVOCs re-
act with OH, the volatility of the reaction products decreases
by a factor of 100 to form oxidized SVOCs (Grieshop et al.,
2009). The oxidized SVOCs remain semivolatile but more
efficiently partition to the aerosol phase than the primary
SVOC emissions. More information about the SVOC and
IVOC simulation can be found in the work of Pye and Sein-
feld (2010).

2.3.2 Implementation of NOx-dependent yields

The difference in yield between high- and low-NOx condi-
tions for photooxidation and ozonolysis is assumed to re-
sult from competition between the NO and HO2 reactions
of the peroxy radical (Presto et al., 2005). Following the ap-
proach used in GEOS-Chem for light aromatics and inter-
mediate volatility compounds (Henze et al., 2008; Pye and
Seinfeld, 2010), the amount of parent hydrocarbon reaction
through each pathway is calculated. The amount of hydro-
carbon reacting through the high-NOx, RO2 +NO pathway,
(1HCNO,i,j ) is computed as:

1HCNO,i,j = �1HCi,j (2)

where � is the fraction of peroxy radicals reacting with NO
and1HC is the amount of parent hydrocarbon i reacted with
oxidant j . The amount of hydrocarbon reacting through the
low-NOx, RO2 +HO2 pathway, (1HCHO2,i,j ) is computed
as:

1HCHO2,i,j = (1��)1HCi,j (3)

Equations (2) and (3) assume RO2 +RO2 reactions are neg-
ligible in the atmosphere and reaction of the parent hydro-
carbon with OH or ozone is the rate-limiting step for aerosol
formation. The branching ratio, �, is computed from:

� = kRO2+NO[NO]
kRO2+NO[NO]+kRO2+HO2 [HO2]

(4)

where kRO2+NO and kRO2+HO2 are the rate constants for re-
action of the peroxy radical with NO and HO2, respec-
tively. Due to limited information about reaction rates, all
peroxy radicals resulting in SOA are assumed to have the
same RO2 +NO and RO2 +HO2 rate constants (Henze et al.,
2008).

3 Results and discussion

3.1 Emissions

Table 2 shows the global, annually averaged emission rates
of POA and SOA precursors. Compared to standard GEOS-

Table 2. SOA precursor emissions. Emissions are for year 2000
using GEOS-4 assimilated meteorology at 2� latitude by 2.5� lon-
gitude horizontal resolution.

Species Global Emissions
[TgC/yr]

↵-pinene 34
�-pinene 16
sabinene 8
13-carene 6
limonene 9
myrcene 3
ocimene 14
other monoterpenes 12
sesquiterpenes 12
isoprene 449
benzene 5
toluene 7
xylene 5
IVOCsa 15
traditional POAa 29
SVOCsa 37

a Either POA is emitted as non-volatile at the rate specified (for traditional, non-
volatile POA simulations) or IVOCs and SVOCs are emitted at the rates specified (for
a semivolatile POA simulation). For more information on the IVOC and SVOC emis-
sions, see Pye and Seinfeld (2010).

Chem version 8-01-04 (which uses MEGAN v2.0 and Grif-
fin et al. (1999b) speciation), the bicyclic monoterpene (↵-
pinene, �-pinene, sabinene, and 13-carene) emission rate
is relatively unchanged. Ocimene emissions, however, are
about a factor of 6 higher than previously estimated, and
limonene emissions are about 60% lower. Global sesquiter-
pene emissions differ by less than 10% different from pre-
vious estimates based on the other reactive volatile organic
compound (ORVOC) inventory of Guenther et al. (1995) and
the speciation of Griffin et al. (1999b). Isoprene emissions
are about 14% larger than MEGAN v2.0 as implemented in
GEOS-Chem. One of the largest differences between pre-
vious GEOS-Chem studies (e.g. Henze and Seinfeld, 2006
or Pye and Seinfeld, 2010) and this work is the significantly
reduced terpenoid ketone and terpenoid alcohol emissions.
All relevant terpenoid ketone and alcohol emissions (previ-
ously estimated at 43 Tg/yr) are assumed to be a subset of
the MEGANv2.04 other monoterpene category which is pre-
dicted to have emissions of about 14 Tg/yr. The net result is
that global monoterpene + sesquiterpene emissions are about
20% lower than previous model estimates. Regional differ-
ences may be much higher, and the diurnal variation is of-
ten significantly different (for example: sesquiterpenes were
treated as 100% light dependent in previous work, but now
are only 50% light dependent).

Atmos. Chem. Phys., 10, 11261–11276, 2010 www.atmos-chem-phys.net/10/11261/2010/

The modeled NO branching ratio varies strongly by season, location, 
and time of day

Pye et al., 2010

Mean monthly surface β (2013)
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Summary

• GEOS-Chem represents a valuable tool 
for both applying and guiding SOA 
chamber studies

• Opportunities to extend and build upon 
parameterizations by investigating the 
relatively unexplored areas of 
“atmospherically relevant” conditions


