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Motivation 

Goal:  Understand the controls on the distribution 
of aerosols over northeastern US in winter. 

Am.Sulfate 

Am.Nitrate 

OM 

Am.Sulfate 

Am.Nitrate 
OM 

(Hand et al., 2012) 



Comparisons with observations 

How well does GEOS Chem simulate wintertime aerosols 
over northeastern US? 
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Fig. 3. Nitrate mean seasonal surface concentrations measured, simulated with GEOS-Chem (baseline simulation), and the difference at
IMPROVE sites in 2004. Scatterplot of seasonal means also shown with reduced-major-axis regression fit (solid black line). Sites located
west of 100�W shown in blue, sites east of this longitude shown in green, with reduced-major-axis regression fits for each shown separately
as solid lines. Correlation coefficient (R), slope and normalized mean bias (NMB) for east and west region shown in inset.

measurements are more susceptible to re-volatilization errors
from the Teflon filters used (Ames and Malm, 2001).
Potential causes for the nitrate overestimate seen in Fig. 3

include (1) overestimated precursor emissions of either am-
monia or nitrogen oxides (2) excess nitric acid formation (3)
an underestimate in nitrate (or nitric acid) deposition (4) a
cold or wet bias in the model that favors excess ammonium
nitrate formation or (5) the absence of HNO3 reactions with
coarse mode PM. We explore the bias in simulated nitrate in
the following sections.

4.2 Investigating ammonia emissions

Extensive evaluation of the GEOS-Chem in the US against
aircraft and satellite observations effectively precludes errors
in NOx emissions as the source of the observed nitrate bias
(Lamsal et al., 2011; Zhang et al., 2012; Martin et al., 2006).
However, ammonia emissions are poorly constrained.
Figure 4 compares seasonal gridded mean ammonia con-

centrations observed by the IASI instrument with the GEOS-
Chem simulation from May 2009 through April 2010. Only
gridboxes with at least 4 observations during a season are
shown in order to avoid drawing conclusions from limited,
variable measurements. We first show the number of re-
trievals averaged in each gridbox, to demonstrate both the

extensive cross-track coverage of IASI, and the seasonal vari-
ability in the number of successful retrievals of ammonia.
This is most likely due to cloud coverage, particularly in the
fall and winter. We also see in Fig. 4 the high degree of
reliance on the a priori in the retrieval. This is particularly
evident when comparing the native GEOS-Chem simulation
with the “retrieved” simulation where the IASI ammonia av-
eraging kernel and a priori are applied as in Eq. (1). Both the
IASI and GEOS-Chem retrieved values rarely drop below the
a priori column concentration (⇠0.3⇥ 1016 molecules cm�2)
and seasonality is reduced, consistent with the reported char-
acteristics of the ammonia retrievals for the Tropospheric
Emission Spectrometer (TES) (Shephard et al., 2011). Fur-
thermore, all the features of the GEOS-Chem ammonia dis-
tribution are considerably damped by application of the av-
eraging kernel.
IASI ammonia concentrations peak in the springtime in the

Midwest, in contrast with simulated concentrations which
peak in the summertime. However, comparison of the na-
tive and retrieved GEOS-Chem fields suggest that IASI sen-
sitivity in the Midwest may be lower in the summer than
the springtime, which may contribute to this apparent differ-
ence. The distribution of simulated ammonia agrees reason-
ably well in the region in summertime, but the comparison
suggests that springtime ammonia emissions are far too low

Atmos. Chem. Phys., 12, 10295–10312, 2012 www.atmos-chem-phys.net/12/10295/2012/
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measurements are more susceptible to re-volatilization errors
from the Teflon filters used (Ames and Malm, 2001).
Potential causes for the nitrate overestimate seen in Fig. 3

include (1) overestimated precursor emissions of either am-
monia or nitrogen oxides (2) excess nitric acid formation (3)
an underestimate in nitrate (or nitric acid) deposition (4) a
cold or wet bias in the model that favors excess ammonium
nitrate formation or (5) the absence of HNO3 reactions with
coarse mode PM. We explore the bias in simulated nitrate in
the following sections.

4.2 Investigating ammonia emissions

Extensive evaluation of the GEOS-Chem in the US against
aircraft and satellite observations effectively precludes errors
in NOx emissions as the source of the observed nitrate bias
(Lamsal et al., 2011; Zhang et al., 2012; Martin et al., 2006).
However, ammonia emissions are poorly constrained.
Figure 4 compares seasonal gridded mean ammonia con-

centrations observed by the IASI instrument with the GEOS-
Chem simulation from May 2009 through April 2010. Only
gridboxes with at least 4 observations during a season are
shown in order to avoid drawing conclusions from limited,
variable measurements. We first show the number of re-
trievals averaged in each gridbox, to demonstrate both the

extensive cross-track coverage of IASI, and the seasonal vari-
ability in the number of successful retrievals of ammonia.
This is most likely due to cloud coverage, particularly in the
fall and winter. We also see in Fig. 4 the high degree of
reliance on the a priori in the retrieval. This is particularly
evident when comparing the native GEOS-Chem simulation
with the “retrieved” simulation where the IASI ammonia av-
eraging kernel and a priori are applied as in Eq. (1). Both the
IASI and GEOS-Chem retrieved values rarely drop below the
a priori column concentration (⇠0.3⇥ 1016 molecules cm�2)
and seasonality is reduced, consistent with the reported char-
acteristics of the ammonia retrievals for the Tropospheric
Emission Spectrometer (TES) (Shephard et al., 2011). Fur-
thermore, all the features of the GEOS-Chem ammonia dis-
tribution are considerably damped by application of the av-
eraging kernel.
IASI ammonia concentrations peak in the springtime in the

Midwest, in contrast with simulated concentrations which
peak in the summertime. However, comparison of the na-
tive and retrieved GEOS-Chem fields suggest that IASI sen-
sitivity in the Midwest may be lower in the summer than
the springtime, which may contribute to this apparent differ-
ence. The distribution of simulated ammonia agrees reason-
ably well in the region in summertime, but the comparison
suggests that springtime ammonia emissions are far too low
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pNO3 at IMPROVE sites 
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(Heald et al., 2012) 
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Figure 5. Median vertical profiles of aerosol concentrations over the Southeast US (Fig. 2) dur-
ing the SEAC4RS aircraft campaign (August–September 2013). Observed and simulated pro-
files of sulfate (left), OA (center), and dust (right) in 1 km bins are shown with the corresponding
median surface network observations. OC from the surface networks is converted to OA using
an OA/OC ratio of 2.24. The contributions of anthropogenic SOA, biogenic SOA, and open fire
POA to total simulated OA are also shown. The individual observations are shown in gray and
the horizontal bars denote the 25th and 75th percentiles of the observations. Concentrations
are in µgm�3 converted to STP conditions for the aircraft data and under local conditions for
the surface data. The choice of scale truncates some very large individual observations.
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Sulfate OA 

Vertical profiles during SEAC4RS 
(Kim et al., 2015) 

µg m-3 



Total sulfur below 800m 
GEOS Chem 

1.6 [1.2-2.6] ppbv 
Observations 

1.5 [0.8-3.0] ppbv 

ρ=0.57 

Modeled SO2 emissions are reasonable 



Total ammonia below 800m 

Modeled NH3 emissions are moderately correlated. 

GEOS Chem 
1.3 [0.8-1.9] ppbv 

Observations* 
0.92 [0.5-1.5] ppbv 

ρ=0.49 

NH3 emissions 
(Mg /a) 

*estimated 



Overview of  the aerosol model 

pSO4 

pNO3 

pNH4 

OA 

SO2 
SO2+OH 

SO2(aq)+ H2O2/O3 

NOx NO2+OH 

N2O5+H2O(l) 
HNO3 

NH3 

Emissions 

VOC 

²  Bulk SNA and organic aerosols (Park et al., 2003; 2004).  

²  Separate size-resolved seasalt (Jaeglé et al., 2011) and dust (Fairlie et 
al., 2007) 

²  Equilibrium partitioning of  SNA: ISORROPIA II (Fountoukis and 
Nenes, 2007; Pye et al., 2009) 

²  Nonvolatile primary organic aerosol (POA) (Park et al., 2003) & 
semi-volatile SOA (Pye et al., 2010). 

POA 

SOA 



Modeled PM during WINTER 

pSO4 

pNO3 

pNH4 

OA 

22% 

Median SNA 
4.9 µg m-3 

Median OA   
3.8 µg m-3 

57% 
21% 

(95%:POA) 

Mean PM in bottom 1 km 

Average PM speciation 



PM concentration below 800m 
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Organic aerosol 

GEOS Chem 
4.0 [1.5-6.4] µg m-3 

Observations 
1.5 [0.8-2.1] µg m-3 

 

Organic aerosol is a factor of  3 high.  
 - OM/OC ratio?  
 - Emissions overestimated? 

ρ=0.67 

Model - Obs 



SNA distribution (below 800m) 

AMS 

PILS 

GEOS Chem 
3.5 [1.6-5.6] µg m-3 

Observations 
2.3 [1.3-3.9] µg m-3 

 

Model - Obs 

GEOS Chem 
4.0 [2.0-6.1] µg m-3 

Observations 
2.4 [1.4-3.2] µg m-3 

 

Model - Obs 

ρ=0.59 

ρ=0.58 



pSO4 distribution (below 800m) 
GEOS Chem 

0.7 [0.5-1.1] µg m-3 
Observations 

0.9 [0.6-1.5] µg m-3 

 

Model - Obs 

GEOS Chem 
0.11 [0.08-0.22] 

Observations 
0.17 [0.11-0.23] 

 
Particle  
Fraction 

Modeled sulfate & 
particle fractions 
slightly low. 

ρ=0.61 AMS 



pNO3 distribution (below 800m) 

Particle  
Fraction 

GEOS Chem 
1.5 [0.4-2.9] µg m-3 

Observations 
0.5 [0.1-1.2] µg m-3 

 

Model - Obs 

GEOS Chem 
0.24 [0.09-0.51] 

Observations 
0.38 [0.13-0.58] 

 
Modeled ni t rate a 
factor of  3 too high – 
too much HNO3. 
 
Model particle fraction 
slightly low. 

ρ=0.76 AMS 



pNH4 distribution (below 800m) 

Particle  
Fraction 

GEOS Chem 
0.79 [0.4-1.3] µg m-3 

Observations 
0.42 [0.2-0.8] µg m-3 

 

Model - Obs 

GEOS Chem 
0.85 [0.7-1.0] 

Observations 
0.59 [0.4-0.8] 

 Model ammonium a 
factor of  2 too high – 
too much HNO3. 
 
Model particle fraction 
is too high. 

ρ=0.52 AMS 



Aerosol neutralization 
GEOS Chem 

0.96 [0.9-1.0] µg m-3 
Observations 

0.87 [0.6-0.9] µg m-3 

 

NH4NO3 NH4NO3 

[

[NH4 ]

2 [SO4 ]+ [NO3 ]

Larger fraction of  
aerosol 
neutralized in the 
model. 
 
 

ρ=0.49 AMS 



Vertical profiles 

GEOS
Chem 

PILS 

UNH 

AMS 

CASTNet 

Nitrate Sulfate Ammonium OA 



Next steps 

² Determine contributions of  pSO4 and pNO3 
formation pathways. 

² Constrain emissions of  OA based on 
WINTER data. 

² Include surface observations from EPA 
AirData and NADP sites. 

² Compare modeled AOD with satellite  
retrievals. 



CASTNet observations 

SO2 

pSO4 pNO3 pNH4 

² Modeled SO2 too high, 
pSO4 too low. 

² pNO3, NH4 too high. 

² Are PBL heights in the 
model low? 

Obs: 1.7µg m-3 Model: 1.0µg m-3 Obs: 1.1µg m-3 Model: 5.2µg m-3 Obs: 0.8µg m-3 Model: 1.8µg m-3 

Obs: 0.8ppbv    Model: 2.1ppbv 


