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Abstract

A large fraction of submicron aerosol mass throughout the continental boundary layer
consists of secondary organic aerosol (SOA) mass. As such, the ability of chemical
transport models to accurately predict continental boundary layer aerosol greatly de-
pends on their ability to predict SOA. Although there has been much recent effort to5

better describe SOA formation mechanisms in models, little attention has been paid to
the effects of model spatial resolution on SOA predictions. The Whistler Aerosol and
Cloud Study (WACS 2010), held between 22 June and 28 July 2010 and conducted
at Whistler, BC, Canada provides a unique data set for testing simulated SOA pre-
dictions. The study consisted of intensive measurements of atmospheric trace gases10

and particles at several locations strongly influenced by biogenic sources in the re-
gion. We test the ability of the global chemical transport model GEOS-Chem to predict
the aerosol concentrations during this event and throughout the campaign. Simula-
tions were performed using three different resolutions of the model: 4×5◦, 2×2.5◦ and
0.5×0.667◦. Predictions of organic aerosol concentrations at Whistler were greatly de-15

pendent on the resolution; the 4×5◦ version of the model significantly under predicts
organic aerosol, while the 2×2.5◦ and 0.5×0.667◦ versions are much more closely
correlated with measurements. In addition, we performed a comparison between the 3
versions of the model across North America. Comparison simulations were run for both
a summer case (July) and Winter case (January). For the summer case, 0.5×0.667◦

20

simulations predicted on average 19 % more SOA than 2×2.5◦ and 32 % more than
4×5◦. For the winter case, the 0.5×0.667◦ simulations predicted 8 % more SOA than
the 2×2.5◦ and 23 % more than the 4×5◦. This increase in SOA with resolution is
largely due to sub-grid variability of organic aerosol (OA) that leads to an increase in
the partitioning of secondary organic matter to the aerosol phase at higher resolutions.25

SOA concentrations were further increased because the shift of secondary organic
gases to SOA at higher resolutions increased the lifetime of secondary organic matter
(secondary organic gases have a shorter deposition lifetime than SOA in the model).
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SOA precursor emissions also have smaller, but non-negligible, changes with resolu-
tion due to non-linear inputs to the MEGAN biogenic emissions scheme. These results
suggest that a portion of the traditional under-prediction of SOA by global models may
be due to the effects of coarse grid resolution.

1 Introduction5

Atmospheric aerosols directly and indirectly affect the radiative balance and climate
of the Earth. The direct effect is the scattering and absorption of solar radiation by
aerosols in the atmosphere. The indirect effect is the influence of aerosols on cloud
droplet number concentrations, which affects cloud albedo (Twomey, 1974) and poten-
tially precipitation and cloud lifetime (Albrect, 1989). The magnitude of the combined10

uncertainties associated with these aerosol forcings is similar to the magnitude of the
relatively well understood forcing from changes in CO2 concentrations (IPCC, 2007).
These uncertainties in aerosol forcing are driven in part by uncertainties in how the
concentration, size and composition of aerosols have changed due to human influ-
ence.15

Aerosol mass can be produced by direct emission into the atmosphere (primary
aerosols) or formed by physical and chemical processes within the atmosphere (sec-
ondary aerosols). Examples of primary aerosols include soot, sea salt and dust. Sec-
ondary aerosols are produced by atmospheric gases reacting in the gas or aqueous
phases to form low-volatility products that increase aerosol mass. Primary and sec-20

ondary aerosols have both natural and anthropogenic sources.
Between 20–90 % of submicron aerosol mass throughout the continental boundary

layer consists of organic aerosol mass (Jimenez et al., 2009). A significant fraction of
this mass is thought to be secondary organic aerosol (SOA) that is formed in the at-
mosphere. SOA is split between biogenic and anthropogenic sources. Biogenic SOA25

is a major contributor to uncertainty within global models and predictions of aerosols in
the continental boundary layer (Spracklen et al., 2011). This biogenic SOA is formed
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in the atmosphere when volatile organic compounds (VOCs) released by plants, trees
and other vegetation are oxidized in the atmosphere by O3, NO3 and OH (or oxidants
in the condensed phase) to form low-volatility or semi-volatile products that partition to
the aerosol phase. Anthropogenic SOA is formed through similar processes involving
emission and reaction of VOCs and other chemicals of anthropogenic origin. The total5

amount of SOA formed in the atmosphere is highly uncertain and estimates published
in the literature range from 12 Tg yr−1 (Kanakidou et al., 2005) to 1640 Tg yr−1 (Gold-
stein and Galbally, 2007). In addition, SOA has been found to strongly influence CCN
formation and growth due to condensable organics growing freshly nucleated particles
(Brock et al., 2011; Pierce et al., 2011; Riipinen et al., 2011). Organic aerosols can10

also affect the hygroscopicity of aerosol particles in the atmosphere, which is relevant
to the subsequent CCN activity of the aerosol (Petters and Kreidenweis, 2007). Given
that SOA contributes strongly to submicron aerosol mass and CCN concentrations, it
is relevant to both the direct and indirect effects. Thus, if we are to accurately predict
aerosol properties and their effects on air quality and climate, it is important that we15

understand the physical processes that shape SOA.
There has been much recent effort in better describing SOA formation mechanisms

in models (e.g. Carlton et al., 2010; Kim et al., 2011; Lane et al., 2008,; Lin et al., 2012),
however, little attention has been paid to the role of model spatial resolution on SOA
prediction. In global models, horizontal spatial resolution is often on the order of 500 km20

(e.g. Pierce and Adams, 2009) and is usually no smaller than 200 km (e.g. van Don-
kleear et al., 2010). Regional models generally have resolutions on the order of 10s
of kilometers (e.g. Lane et al., 2008; Carlton et al., 2010), but high-resolution model
versions can have resolutions as low as 2.5 km (e.g. Stroud et al., 2011). Stroud et
al. (2011) explored the effects of spatial resolution on SOA predictions in a regional25

model of a populated area in southern Ontario, Canada. They found that when higher
spatial resolutions were used, the predicted SOA production rates and subsequent
temporal correlation were found to be more accurate. In addition, the predicted con-
centrations of SOA were generally higher at higher resolution. These results provide
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evidence that spatial resolution can affect SOA predictions in models and motivate us
to explore similar ideas using a global model and other locations.

In this paper, we will evaluate how SOA predictions in the chemical transport model,
GEOS-Chem, depend on grid resolution. Model simulations were performed at 4×5◦,
2×2.5◦ and 0.5×0.667◦ resolutions (corresponding grid-box horizontal length scales5

around 400, 200 and 50 km, respectively). The goals of this paper are two-fold:

1. We will evaluate the model predictions at the three resolutions using measure-
ments done during the Whistler Aerosol and Cloud Study (WACS2010) during
July 2010. Whistler, BC, Canada is a particularly interesting location to study
how model SOA predictions depend on model resolution. Though Whistler is lo-10

cated in a relatively remote mountain region, at large model horizontal resolutions
(e.g. 4×5◦) Whistler is in the same grid box as the city of Vancouver and the
Pacific Ocean (Fig. 1). Thus at the coarsest resolutions, the Whistler grid-box will
contain a mixture of marine, urban and remote continental influences and likely
will not capture the SOA behavior of any of these locations properly.15

2. We will determine how SOA predictions depend on model resolution through-
out all of North America and examine the reasons for the dependence of SOA
predictions on model resolution. Changes in SOA may be caused by changes
in precursor emissions (which in GEOS-Chem depend non-linearly on surface
properties and meteorology), gas-aerosol partitioning and the lifetime of organic20

matter, which all change with grid resolution.

In Sect. 2 of this paper, we discuss the instrumentation of the WACS 2010 campaign
and the details of the GEOS-Chem model. In Sect. 3, we compare the model with the
WACS 2010 observations. In addition, we compare SOA concentrations across North
America and determine how the concentrations are affected by model resolution. The25

conclusions are given in Sect. 4.
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2 Methods

2.1 WACS 2010 instrumentation

The WACS 2010 campaign took place in Whistler, BC, Canada between 22 June and
28 July of 2010. Details of the meteorology and an overview of the main findings of the
study are discussed in Macdonald et al. (2012). Three measurement sites were located5

on and around Whistler Mountain. The first site was the Raven’s Nest (a restaurant
during ski season) at 1300 m a.s.l. and located roughly half way up the side of the
mountain; the second site was on the peak of the mountain at 2200 m a.s.l.; and the
third site was a measurement site used for Lidar, located just outside the Whistler
village at the base of the mountain at 665 m a.s.l. The data presented in this paper will10

be from the mid-mountain site (Raven’s Nest) measurement site with the exception of
the Lidar data obtained from the base site.

A high resolution Aerosol Mass Spectrometer (HR-ToF-AMS, Aerodyne Research
Inc.) was used to measure submicron aerosol mass and composition at Raven’s Nest.
Ground-based Lidar measurements were taken from the Lidar located at the Whistler15

Weather Station at Whistler Village. The Lidar is a dual-wavelength upward-pointing
aerosol Lidar using an Nd : YAG pulsed 10-Hz Laser that is emitted at both the 1064 nm
and 532 nm wavelengths. Details on the complete set of measurements can be found
in Pierce et al. (2012) and Macdonald et al. (2012).

2.2 GEOS-Chem model20

Predictions of SOA in this paper are from the chemical transport model, GEOS-Chem
(version 9.1.1 with GEOS-5 meteorology) (http://www.geos-chem.org). The model was
configured for 47 vertical layers and run globally for horizontal grid resolutions of 4×5◦

and 2×2.5◦ as well as regionally over North America at a horizontal resolution of
0.5×0.667◦. Chemical boundary conditions for the 0.5×0.667◦ simulation are taken25
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from the 2×2.5◦ simulation. Figure 1 shows the spatial resolution of the grid box that
contains Whistler, BC at each of the three resolutions on a map of North America.

Incorporated within GEOS-Chem is the Model of Emissions of Gases and Aerosols
from Nature (MEGAN) v2.1 (Guenther et al., 2006). MEGAN is a computational VOC
scheme, assimilated from many different field and laboratory studies that measured5

the properties and emissions of biogenic VOCs. The emissions fluxes (EM) in MEGAN
are calculated in µg m−2 h−1 and are given by Eq. (1):

EM = ε ·γCE ·γAGE ·γSM ·ρ γCE = γLAI ·γP ·γT (1)

where ε is the emission factor in µg m−2 h−1, ρ is the loss and production within plant
canopy, γCE is the canopy factor, γAGE is the leaf age factor, γSM is the soil moisture10

factor, γLAI, is the leaf area index factor, γP is the PPFD (Photosynthetic Photon Flux
Density) emission activity factor (light dependence) and γT is the temperature response
factor. The leaf area index (LAI) factors used for these simulations were derived from
MODIS. Further details on specifics of each factor and other details regarding MEGAN
can be found in Guenther et al. (2006). Details on its implementation into GEOS-Chem15

can be found in (http://acmg.seas.harvard.edu/geos/wiki docs/emissions/megan.pdf).
The SOA scheme in GEOS-Chem 9.1.1 is a two-product semi-volatile organic par-

titioning scheme (Odum et al., 1997). This simulation calculates the equilibrium par-
titioning of organics between the gas and aerosol phases based on Pankow (1994).
The simulated parent hydrocarbons are alpha and beta pinene, sabinene, carene, ter-20

penoid ketones, limonene, terpinene, terpinolene and isoprene for naturally emitted
hydrocarbons and benzene, toluene and xylene for the anthropogenics. These hydro-
carbons react only in the gas phase via OH, O3 and NO3. The reaction yields and
partitioning coefficients for these species are given by Chung and Seinfeld (2002),
Henze et al. (2006, 2008) and Schilling et al. (2008). Our SOA simulations do not in-25

clude (1) multi-generational secondary-organic chemistry that may increase/decrease
SOA due to changes in the organic volatility distribution (e.g. Robinson et al., 2007),
(2) aqueous-phase SOA formation (e.g. Ervens et al., 2008), (3) very-low volatility SOA
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(Cappa et al., 2010; Pierce et al., 2011), (4) mass-transfer limitations due to highly vis-
cous aerosols (e.g. Shiraiwa et al., 2012; Vaden et al., 2010) or (5) SOA interaction with
inorganic aerosols (e.g. Jang et al., 2002). Thus, the results given in this paper regard-
ing the effect of grid resolution on SOA predictions are for traditional SOA schemes and
the effect of grid resolution may differ when these recent advancements are included.5

In addition to SOA, the other aerosols simulated in the model are sulfate, nitrate,
ammonium, hydrophilic and hydrophobic primary organic carbon, black carbon, sea
salt and dust. Details on the emissions of primary aerosols as well as the processes
controlling any secondary processes can be found on the GEOS-Chem wiki page (http:
//wiki.seas.harvard.edu/geos-chem/index.php/Main Page).10

Simulations were performed for the month of July 2010 (with 1 month of spin-up
through June 2010), as well as for the month of January 2010 (again with 1 month of
spin-up through December 2009) at all 3 aforementioned horizontal resolutions. For
comparison with WACS 2010, model output was taken from the vertical layer in the
model corresponding to the height closest to that of Raven’s Nest (∼1300 m a.s.l.). The15

nocturnal mixed layer height in the GEOS5 meteorology is often significantly lower than
in GEOS4 and GEOS3, and this led to an over prediction of nighttime concentrations
in the model (http://wiki.seas.harvard.edu/geos-chem/index.php/GEOS-5 issues). To
reduce the severity of this issue, we specified a minimum boundary layer height of
375 m above the model surface, corresponding to the top of the 3rd vertical layer of the20

model.

3 Results

3.1 Comparison to WACS 2010 campaign

In this section, we evaluate the model at Whistler during the WACS 2010 time period.
Figure 2 shows the measured temperature at Raven’s Nest compared with the temper-25

atures from the 4×5◦ and 0.5×0.667◦ resolutions for the July simulations. Temperature
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is an important variable contributing to changes in SOA concentrations (Leaitch et al.,
2010). As can be seen, the simulations generally capture both the diurnal and synoptic
changes in temperature. The high-resolution simulations generally predict colder tem-
peratures at night than the measurements. However, these results show that the model
temperatures at Whistler should not greatly limit the ability for either model resolution5

to capture SOA variability.
Figure 3a shows the simulated aerosol vertical concentration profile for the event pe-

riod (sulfate and organic aerosol only, which dominated accumulation-mode aerosol
concentrations during this time period), while Fig. 3b shows the measured Lidar
backscatter ratio for the same time period. Though backscatter ratio and aerosol mass10

are not exactly linearly proportional (backscatter ratio is also dependent on aerosol
size and composition) the comparison of the two profiles can be used as a method to
evaluate mixing height in the model. Overall the simulation predicts a boundary layer
height quite similar to the measured data. Both the model and measurements show a
typical mixing height around 1.5 km, except for around the 8 and 27 of July where the15

mixing height rises to around 2.5 km in both the model and Lidar data. This compari-
son gives us confidence in the ability of the model to handle vertical mixing of aerosols
in the region. As a result we do not expect significant errors or biases in SOA at the
surface driven by errors or biases in mixing height.

Figure 4 shows the measured and modeled organic aerosol concentrations at20

Whistler throughout July for the three grid resolutions – (Panel a) represents the 4×5◦,
(b) the 2×2.5◦ and (c) the 0.5×0.667◦ simulations. The dominance of the total or-
ganic aerosol (OA) by SOA at all model resolutions is consistent with the analyses
of the measured data from the WACS 2010 campaign which suggested that most of
the measured organic mass was biogenic SOA (Macdonald et al., 2012). A significant25

feature of Fig. 4 is that the 2×2.5◦ and 0.5×0.667◦ simulations each contain a large
contribution from SOA to total organic mass for the entire month. The predicted SOA
at Whistler compares better for horizontal model resolutions of∼200 km or less. The
4×5◦ grid box includes a large portion of the Pacific Ocean (Fig. 1), which is an area
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with little to no organic aerosol emissions or SOA formation. This ocean grid-box frac-
tion is likely a large contributing factor to the low predictions by the model at the 4×5◦

resolution.
The correlation coefficients for the three simulations with the measured organic

aerosol concentrations were 0.52, 0.48 and 0.32 for 0.5×0.667◦, 2×2.5◦ and 4×5◦,5

respectively. The calculated mean bias for each simulation (in the same order) were
−0.92, −0.84 and −1.6 µg m−3. The calculated normalized mean biases (again in the
same order) were −0.41, −0.38 and −0.73. The correlations and biases favor the
higher resolution simulations (for 0.5×0.667◦ and 2×2.5◦); although the differences
between the two higher resolution simulations are not significant. While the model is10

biased low by ∼40 % even at the highest resolution, this comparison suggests that
model resolution may be one potential reason for the common low bias of organic
aerosol concentrations in models (e.g. Heald et al., 2005; Volkamer et al., 2006).

3.2 Comparisons between resolutions across North America

In the previous section, we showed that coarsest spatial resolution (e.g. 4×5◦) does15

not capture the SOA concentrations and variability at Whistler. This is due in part to
the model grid box extending over the Pacific Ocean. However, it is unclear how SOA
concentrations depend on the grid resolution in other locations. In this section, we
determine what locations in North America are susceptible to changes in SOA concen-
trations with changing model resolutions. We also investigate the sources of the SOA20

changes (e.g. emissions, partitioning and lifetime).
In order to determine how SOA predictions depend on grid resolution throughout

North America, we compare results of the 0.5×0.667◦ and 4×5◦ simulations. To do
this, we calculate the mean SOA concentration of the 0.5×0.667◦ grid boxes within
each 4×5◦ grid box for each model output time (every 6 h). For each 4×5◦ grid box25

there were eight 0.5×0.667◦ grid boxes latitudinally and 7.5 longitudinally. We refer to
these new 4×5◦ values calculated as the average of the 0.5×0.667◦ values as the
scaled-up (SU) values. The same comparison was done with 0.5×0.667◦ and 2×2.5◦
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and the results from that analysis will also be presented in this section. As mentioned
previously, both a summer (July) and winter (January) case were simulated and the
plots shown below represent the results from the July simulations.

Figure 5a shows the time-averaged SOA concentrations for the month of July 2010
for 4×5◦ over most of North America, while Fig. 5b shows the time-averaged SOA for5

the 0.5×0.667◦ simulation during the same time period. Figure 5c shows the average
SU values for SOA. Accordingly, the SU patterns match closely with the 0.5×0.667◦

simulations. In the absence of (1) changes in the partitioning of secondary organic
matter (SOM, which is the sum of secondary organic products in both the aerosol
and gas phases) between the gas-phase and aerosol phase, (2) changes in SOA10

precursor emissions from MEGAN (which are non-linearly dependent on temperature
and leaf area index) or (3) changes in aerosol lifetime between the 0.5×0.667◦ and
4×5◦ simulations, the SOA mass concentrations in Fig. 5a and c should be the same.
The average of 0.5×0.667◦ and SU concentrations, however, are significantly higher
(∼2 µg m−3) in some places than those of the 4×5◦. This means that variability in15

parameters with spatial scales smaller than 4×5◦ resolution cause changes in emis-
sions, lifetime and/or SOM partitioning such that the 4×5◦ simulations predict lower
SOA concentrations (on average) relative to higher resolution simulations.

Figure 6a shows the percent difference between the SU and 4×5◦ values for July-
averaged SOA concentrations, while Fig. 6b shows the absolute difference between20

the two. The SOA in the SU simulation is higher than the SOA in the 4×5◦ simula-
tion across almost the entire spatial domain, with increases extending above 100 %
in near-coastal oceanic regions (or regions with very low SOA levels). Table 1 shows
the total-domain-sum ratios of the 0.5×0.667◦ simulation to the two coarser simula-
tions for various model factors including the SOA concentrations for both the summer25

and winter case. In these ratios, the SOA mass is summed across the North Ameri-
can spatial domain before the ratio is taken, so regions with low SOA concentrations
do not greatly influence the domain-wide ratios. For the July simulations, the aver-
age increase between the 4×5◦ and the 0.5×0.667◦ (averaged over the 4×5◦ grid)

16035

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/12/16025/2012/acpd-12-16025-2012-print.pdf
http://www.atmos-chem-phys-discuss.net/12/16025/2012/acpd-12-16025-2012-discussion.html
http://creativecommons.org/licenses/by/3.0/


ACPD
12, 16025–16059, 2012

Effect of model
spatial resolution on

SOA predictions

C. D. Wainwright et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

SOA concentrations was 32 %. The SOA in the 2×2.5◦ simulations is in between the
two other resolutions with the ratio of the SOA from 0.5×0.667◦ (averaged over the
2×2.5◦ grid) being 19 % higher than the SOA from the 2×2.5◦ simulation. The win-
ter simulation yielded similar but smaller overall increases with an average increase
of 23 % between the 4×5◦ and 0.5×0.667◦ simulations and 8 % between the 2×2.5◦

5

and the 0.5×0.667◦ simulations.
The percent difference plot (Fig. 6a) shows large differences between resolutions

along the ocean-continent boundaries, where the mixing of marine and continen-
tal air in these grid boxes may affect the partitioning of SOM between the gas and
aerosol phases. Thus, it is likely that the poor performance of the 4×5◦ simulations at10

Whistler were partially explained by this effect. For reference, the monthly mean OA
concentrations at Whistler were 1.96 µg m−3 for the measurements, 1.55 µg m−3 in the
0.5×0.667◦ simulation, 1.41 µg m−3 in the SU simulation and 1.13 µg m−3 in the 4×5◦

simulation. The difference between the SU case and the 0.5×0.667◦ simulation shows
this ocean-boundary effect.15

In order to investigate the reasons for the increase in SOA with increased grid res-
olution, we also looked changes in the total amount of SOM. Figure 7a shows the
percent difference of SU SOM to 4×5◦ SOM, while Fig. 7b shows the absolute dif-
ference between the two. The relative and absolute amounts of SOM increase with
resolution similarly to the SOA in Fig. 6. The relative change in SOM (Fig. 7a) is not20

as large as the change in SOA (Fig. 6a). Thus, there is a smaller fractional increase
in the secondary organic gases than the SOA (or perhaps a slight decrease in sec-
ondary organic gases) between the 4×5◦ and 0.5×0.667◦ simulations. However, the
absolute changes in the SOM (Fig. 7b) are generally larger than the changes in SOA
between the two resolutions (Fig. 6b). In order for SOM to increase in the model, either25

the emissions of SOA precursors is greater at higher resolution, or the lifetime of the
resultant secondary organic matter is longer at higher resolution.

Isoprene and monoterpenes represent the largest contributors to SOA in GEOS-
Chem 9.1.1, and we use these two species to investigate the changes in the emissions
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of SOA precursor gases with emissions. Figure 8a and b show us the relative and
absolute difference between the SU and 4×5◦ July averaged isoprene emissions. Fig-
ure 9a and b give the same plots but for monoterpene emissions. As can be seen
in both the isoprene and monoterpene figures, there is very little relative change be-
tween the 4×5◦ and SU simulations for either, except for along the coastlines (Figs. 8a5

and 9a) where the 4×5◦ grid boxes contain both ocean and land portions. The coasts
affect the total isoprene and monoterpene emissions from the MEGAN inventory be-
cause the emissions depend non-linearly with leaf-area index (which is non-zero over
land and zero over oceans). The absolute differences (Figs. 8b and 9b) show areas of
decreases over the continents; however, these represent very small relative changes10

in emissions (Figs. 8a and 9a). For the summer case, the domain average change
in emissions (combined isoprene and monoterpenes) between the simulations was a
−1 % change between 4×5◦ and 0.5×0.667◦ and a −3 % change between 2×2.5◦

and 0.5×0.667◦, while the winter case showed an average change of 7 % between
4×5◦ and 0.5×0.667◦ and a 3 % change between 2×2.5◦ and 0.5×0.667◦ as shown15

in Table 1. The variation between the summer and winter emissions ratios is likely due
to the effects of several non-linear emission activity factors in MEGAN that lead to emis-
sions (e.g. leaf-area index, temperature, sunlight). Overall, the % change in emissions
is a generally a small to moderate effect and cannot explain most of the SOA changes.
The increase in SOA and SOM with increasing resolution must be affected by other20

factors such as SOM lifetime and partitioning ratio.
Table 1 shows the results of the domain-average differences in SOM lifetime (cal-

culated using the SOM burden divided by the SOM formation rates within the North
American domain; the SOM formation rates are essentially proportional to the emis-
sions rates showing that changes in chemistry with resolution is negligible overall) be-25

tween resolutions, with a domain average increase of 12 % between the 0.5×0.667◦

simulation and the 4×5◦ simulation, 13 % between the 0.5×0.667◦ simulation and the
2×2.5◦ simulation for the summer case and 2 % and 4 % respectively for the winter
case. These lifetime differences could be due to differences in meteorology (e.g. rain

16037

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/12/16025/2012/acpd-12-16025-2012-print.pdf
http://www.atmos-chem-phys-discuss.net/12/16025/2012/acpd-12-16025-2012-discussion.html
http://creativecommons.org/licenses/by/3.0/


ACPD
12, 16025–16059, 2012

Effect of model
spatial resolution on

SOA predictions

C. D. Wainwright et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

rates that would affect wet deposition rates) between model resolutions; however, the
lifetimes of other species, such as primary organic aerosol (POA) and sulfate show
much smaller lifetime changes (∼1–2 %) between resolutions. In order to understand
the reason for the predicted change in lifetime (as well as other reasons for the increase
in SOA) we investigate the SOM partitioning between the gas and aerosol phases.5

Figure 10a shows the relative percent change in partitioning of SOM to the aerosol
phase (SOA / SOM, given as the percent of SOM in the aerosol phase) between SU
and 4×5◦, while Fig. 10b shows the absolute difference in partitioning between the two
resolutions. As can be seen, there is a positive change in the partitioning between the
0.5×0.667◦ and 4×5◦ simulations. As shown in Table 1, the domain average increase10

in partitioning of SOM to the aerosol phase was 19 % between 0.5×0.667◦ simulation
and 4×5◦ simulation, and 9 % between the 0.5×0.667◦ simulation and the 2×2.5◦

simulation for the summer case and a 10 % and 2 % increase for the same comparisons
for the winter case.

The reason for the increase in the partitioning of SOM to SOA is as follows. The15

higher resolution simulations will resolve emission hotspots of organic matter that in-
clude both POA and SOM (Fig. 11). The presence of POA increases the partitioning
of SOM to SOA as a result of the model allowing SOA mass to partition into the total
organic aerosol mass. These hotspots include cities or forests with large emissions of
SOA precursors and POA. The coarser resolution simulations will blend these hotspots20

with regions of lower amounts of organic matter. While higher resolution simulations
also resolve regions of low organic matter concentrations yielding lower partitioning ra-
tios in these regions, most of the SOM mass is contained in hotspot regions (or regions
with SOM values higher than the mean). Thus, the increase in resolution leads to an
overall increase in partitioning of SOM to SOA relative to coarse resolution simulations.25

Figure 12 shows offline calculations of the enhancement of SOA concentrations in a
fine grid model relative to a coarse grid model using the monoterpene-SOA partitioning
parameters from GEOS-Chem. These calculations are independent of the resolution
of the fine and coarse grids, and they only depend on the mean SOM concentration
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in the coarse grid box and the standard deviation of the SOM within the coarse grid
box. The average increase in SOA in the fine grid above the coarse grid is in the range
of 5–30 % for the typical SOM concentrations over the continent predicted by GEOS-
Chem (5–20 µg m−3) and the typical normalized standard deviations of SOM within the
coarse grid box over the continent predicted by GEOS-Chem (0.5–0.8). This exercise5

shows that the partitioning of SOM to the aerosol phase in GEOS-Chem increases
with increasing model resolution due to variability in SOM and POA concentrations on
grid scales smaller than the coarse grid resolutions. These results were also seen in
Stroud et al. (2011) for even smaller resolutions (between 2.5 km and 42 km) of the
AURAMS model, which shows that this increased-partitioning effect due to hotspots10

continues as model resolutions are increased beyond the highest resolutions tested
in this paper with GEOS-Chem (∼50 km). Thus, the predictions at even the highest
resolution tested in this paper (0.5×0.667◦) may still be biased low due to sub-grid
variability in SOM and POA. Additionally, Stroud et al. (2011) suggested that a portion
of the changes in partitioning may also be due to non-linear changes in chemistry with15

changes in resolution as higher resolution simulations would better resolve high-NOx
and low-NOx SOA-chemistry regimes. However, these GEOS-Chem simulations do not
contain separate high-NOx and low-NOx SOA-yield parameters for monoterpenes and
isoprene, the two most dominant contributors to SOA over North America.

The increase in partitioning to the aerosol phase with increasing resolution has two20

important implications for the amount of SOA: (1) the amount of SOA increases directly
as the result of increased partitioning of SOM to the aerosol phase and (2) the lifetime
of SOM increases with increased partitioning to the aerosol phase. The SOM lifetime
increases because more SOM is in the aerosol phase rather than the gas phase at
high resolutions. The lifetime of secondary organic gases in the GEOS-Chem have, on25

average, a shorter lifetime than SOA due to significantly faster removal via dry deposi-
tion. The enhanced dry deposition of secondary organic gases is due to faster diffusion
through the quasi-laminar sub layer by gases than aerosols. Thus, as more SOM par-
titions to the aerosol phase, the SOM lifetime increases. This explains the increases in
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SOM lifetime with increasing resolution as discussed earlier (Fig. 7). This increase in
SOM concentrations through the lifetime effect further increases the partitioning ratio
(SOA / SOM), albeit by a smaller amount than the “hotspot effect” discussed above. The
increased yield is why the relative changes in SOA with resolution (Fig. 6a) are larger
than the relative changes in SOM (Fig. 7a). Thus, this “hotspot effect” of resolving vari-5

ability in SOM and POA at higher resolution leads to increased SOA concentration both
due to increased yield and increased lifetime of SOM.

We calculate the product of the relative enhancements due to emissions, lifetime
and yield with resolution to see if the total enhancement in SOA calculated through
this method is the same as what the model predicted for the increase in SOA with10

resolution. Table 1 shows that for the summer simulations this product of the different
factors matches up within two significant figures with the observed SOA increase. For
the winter simulations we see similar agreement up to one significant figure. This sug-
gests that we have identified the most significant reasons for the increase in SOA with
resolution.15

As previously mentioned, the same analysis was performed between the 2×2.5◦

and 0.5×0.667◦ simulations and is shown in Table 1. For both the summer and winter
cases, the SOA increase between the resolutions is less drastic. For July, there is
a 19 % increase in SOA from 2×2.5◦ to 0.5×0.667◦ compared to a 32 % increase
from 4×5◦ to 0.5×0.667◦. For January, there is an 8 % increase in SOA from 2×2.5◦

20

to 0.5×0.667◦ compared to a 23 % increase from 4×5◦ to 0.5×0.667◦. The reason
for the larger increase across resolutions in the summer compared to winter is likely
related to the July case having higher concentrations of SOA. The domain average OA
concentrations for the July simulation were 1.43 µg m−3, while the January simulation
yielded a domain average of only 0.66 µg m−3. As the concentration is greater in the25

summer case, we would see a larger enhancement of SOA due to the hotspot effect
(see Fig. 12).
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4 Conclusions

In this paper, we investigated how the ability of the GEOS-Chem model (with biogenic
VOC emissions from MEGAN) to reproduce biogenic SOA during the WACS 2010
campaign in Whistler, BC Canada during the summer of 2010 depends on the reso-
lution of the model. Additionally, we explore the reasons why SOA predictions change5

with resolution throughout North America. It was found for the three commonly used
resolutions for the GEOS-Chem model, 4×5◦, 2×2.5◦ and 0.5×0.667◦, the accuracy
of SOA predictions, compared to the WACS 2010 campaign, was much higher at the
higher resolutions of 2×2.5◦ and 0.5×0.667◦ than the comparison at the 4×5◦ res-
olution. The particular enhancements between resolutions at Whistler were partially10

affected by the fact that Whistler lies within a coastal grid box at the 4×5◦ resolutions.
It was found that the spatial resolution of the model greatly affected the predicted

SOA concentrations across all of North America. The average SOA concentrations
for the month of July, 2010 were found to be 32 % higher in the 0.5×0.667◦ simula-
tion than the 4×5◦ simulation. A similar but less significant trend was found between15

the 0.5×0.667◦ and 2×2.5◦ with a domain average difference of 19%. The average
concentrations for January 2010 were found to be 23 % higher in the 0.5×0.667◦ sim-
ulation than the 4×5◦ simulation and 8 % higher between the 0.5×0.667◦ and 2×2.5◦

simulations. This difference was further investigated by comparing SOM concentrations
across the same domain, where total emissions of SOM as well as the fraction of SOM20

that is SOA was found to increase at higher resolution. The increase in the partitioning
of SOM to the aerosol phase was largely caused by higher-resolution simulations re-
solving hotspots of organic matter, which drove SOM to the aerosol phase (similar to
what was shown in Stroud et al., 2011). The increases in organic hotspots more than
compensates for the reduced amount of SOA in cold spot regions. Thus, the spatially25

averaged amount of SOA increases with resolution. The increased partitioning of SOM
to the aerosol phase drives the overall increase in SOM at higher resolutions. This is
because the lifetime of secondary organic gases is shorter than SOA in GEOS-Chem
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due to a shorter dry-deposition lifetime of secondary organic gases than aerosols in
this model.

The results in this paper suggest that there is a significant dependence of SOA
concentrations on model resolution when traditional biogenic SOA schemes with par-
titioning are used. Coarse grid resolution simulations may partially contribute to the5

traditional under-prediction of SOA in models (e.g. Heald et al., 2005; Volkamer et al.,
2006). However, as only traditional gas-phase SOA mechanisms were tested in this
paper, it is unclear how the resolution dependence of SOA will change due to recent
developments in multi-generational secondary-organic chemistry, aqueous-phase SOA
formation, the formation of very-low volatility SOA and/or mass-transfer limitations due10

to highly viscous aerosols. However, it is important that the effects of grid resolution of
SOA predictions be tested regardless of SOA scheme.
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Table 1. The ratios of SOA and SOM properties between the 0.5×0.667◦ and 4×5◦ simulations
over North America.

0.5×0.667◦ 0.5×0.667◦ 0.5×0.667◦ 0.5×0.667◦ to
Model Variable to 4×5◦ to 2×2.5◦ to 4×5◦ ratio 2×2.5◦ ratio

ratio (July) ratio (July) (January) (January)

Emissions (Isoprene and Monoterpenes) 0.99 0.97 1.07 1.03
SOM lifetime 1.12 1.13 1.02 1.04
Partitioning ratio (PR, SOA / SOM) 1.19 1.09 1.10 1.02
Emissions ·Lifetime ·PR 1.32 1.19 1.20 1.09
SOA 1.32 1.19 1.23 1.08
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Fig. 1. A map showing the grid box that contains Whistler, BC, Canada for the 4×5◦ (blue),
2×2.5◦ (red) and 0.5×0.667◦ (white) resolutions.
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Fig. 2. Temperature at Raven’s Nest for the month of July for measured and simulated data.
The time is UTC.
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Fig. 3. (a) The simulated aerosol vertical profile (sulfates+organics) for the 0.5×0.667◦ resolu-
tion, and (b) the measured LIDAR backscatter ratio at Whistler. The time is UTC. White spaces
in the Lidar data are the result of clouds, which are masked as they result in a backscatter ratio
much greater than that of aerosols. Between approximately 12th and 14th July, the Lidar was
not functioning (also white).
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Fig. 4. Time series of organic aerosol concentrations for each simulated resolution and mea-
surements. Simulated POA is shown in blue, while the combination of SOA and POA (total
OA) is shown in red. The measured organic concentrations are green. Panel (a) is 4×5◦, (b)
2×2.5◦ and (c) 0.5×0.667◦. The time is UTC.
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Fig. 5. Averaged SOA concentrations for the month of July over of North America. Panel (a)
represents the 4×5◦ simulation, panel (b) the 0.5×0.667◦ simulation and panel (c) the scaled
up (SU) average of the 0.5×0.667◦ boxes in each 4×5◦ box.
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Fig. 6. SOA comparisons between the scaled up 0.5×0.667◦ simulations (SU) and the 4×5◦

simulations averaged over July. Panel (a) is the % difference between the SU and 4×5◦ SOA
and panel (b) is the absolute difference (µg m−3).
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Fig. 7. SOM comparisons between the scaled up 0.5×0.667◦ simulations (SU) and the 4×5◦

simulations averaged over July. Panel (a) is the % difference between the SU and 4×5◦ SOM
and panel (b) is the absolute difference (µg m−3).
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Fig. 8. Isoprene emission comparisons between the scaled up 0.5×0.667◦ simulations (SU)
and the 4×5◦ simulations averaged over July. Panel (a) is the % difference between the SU
and 4×5◦ isoprene emissions and panel (b) is the absolute difference (atoms C cm−2 s−1).
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Fig. 9. Monoterpene emissions comparisons between the scaled up 0.5×0.667◦ simula-
tions (SU) and the 4×5◦ simulations averaged over July. Panel (a) is the % difference be-
tween the SU and 4×5◦ monoterpene emissions and panel (b) is the absolute difference
(atoms C cm−2 s−1).
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Fig. 10. SOM partitioning ratio (SOA / SOM) comparisons between the scaled up 0.5×0.667◦

simulations (SU) and the 4×5◦ simulations averaged over July. Panel (a) is the % difference
between the SU and 4×5◦ partitioning ratios and panel (b) is the absolute difference (also units
of percent since the partitioning ratio is also calculated as a percent).
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Fig. 11. A representation of the “hotspot” effect that affects the partitioning of SOM between
resolutions in the model. Higher-resolution simulations will resolve variability in SOM and POA
(POA not shown). In GEOS-Chem, resolving this variability leads to increases in SOA partition-
ing in regions of high SOM (or POA), and decreases in SOA partitioning in regions of low SOM
(or POA). The regions with SOA partitioning decreases do not fully compensate for the regions
with increases because more SOM mass is contained in the hotspot regions.
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Fig. 12. The ratio of the average enhancement in monoterpene SOA for a fine resolution above
a course resolution as a function of the standard deviation of SOM of the fine grid within the
course grid (normalized by the mean SOM concentration).

16059

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/12/16025/2012/acpd-12-16025-2012-print.pdf
http://www.atmos-chem-phys-discuss.net/12/16025/2012/acpd-12-16025-2012-discussion.html
http://creativecommons.org/licenses/by/3.0/

