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A
b

stract 
 

H
arvard’s G

EO
S-C

hem
 is a w

ell-validated 3-D
 m

odel of atm
ospheric com

position 
using analyzed w

ind fields from
 the G

oddard Earth O
bserving System

.  W
hile this 

m
odel has traditionally been used for studies of tropospheric chem

istry, a recent 
extension of chem

istry to the stratosphere (Eastham
 et al., 2014) m

akes it a good 
choice for sensitivity studies of sulfur budgets under background conditions.  This 
study is a contribution to the SSiR

C
 B

ackground (B
G

) experim
ent.  B

ecause 
G

EO
S-C

hem
 contains only a bulk aerosol representation in the stratosphere at 

presentr, w
e focus on the relative contributions of source gases SO

2  and O
C

S and 
the role of convective transport in m

oving these gases from
 the boundary layer into 

the stratosphere.  W
e present sensitivity calculation w

ith O
C

S surface 
concentrations increased by 20%

, w
ith anthropogenic SO

2  em
issions elim

inated, 
and w

ith convective fluxes scaled by 2.0 globally and scaled only over the A
sian 

m
onsoon region. C

om
parisons w

ith the A
ER

 2-D
 m

odel (W
eisenstein et al., 1997, 

2007) are also show
n.  
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Figure 1:  Im
pact of a 20%

 increase in O
C

S
 surface concentration on aerosol sulfate.  P

anel (a) show
s the zonal 

m
ean annual average sulfate change (in percent) in the G

E
O

S
-C

hem
 m

odel, and panel (b) the sam
e for the A

E
R

 2-D
 

m
odel.  P

anel (c) show
s the percentage change in annual average sulfate at 16 km

, and panel (d) the change at 22.5 
km

. 
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Figure 2:  Fraction of total S
O

2  or aerosol sulfate due to anthropogenic S
O

2  em
issions.  P

anel (a) show
s the zonal m

ean annual 
average S

O
2  change (in percent) and panel (b) the change in aerosol sulfate (in percent) in the G

E
O

S
-C

hem
 m

odel.  P
anel (c) and 

(d) the sam
e for the A

E
R

 2-D
 m

odel.   
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Figure 3:  Fraction of aerosol sulfate at 16 km
 due to anthropogenic S

O
2  

em
issions in w

inter (D
JF) (panel a) and sum

m
er (JJA

) (panel b).  

M
odel D

etails for G
E

O
S-C

hem
 U

C
X

 
• R

esolution 4°x5°, 72 vertical levels to 0.01 hPa 
• N

on-interactive dynam
ics from

 G
EO

S-5 for 2006-2010 
• Trop + Strat chem

istry 
• B

ulk sulfate aerosol w
ith assum

ed size distribution 
• R

un for years 5 years, final year plotted 
• Sulfur source gases include:  O

C
S, D

M
S, SO

2  
• Volcanic em

issions from
 Sarychev Peak eruption in 2009 repeated in 

2010 
• A

ircraft em
ission of SO

2  included 
 M

odel D
etails for A

E
R

 2-D
 

• R
esolution 9.5° x 1.2 km

 to 60 km
 

• W
ind fields, T from

 Flem
ing et al. (1999), Year 1992 repeated 

• Sulfur sources: SO
2 , O

C
S, D

M
S, C

S
2  H

2 S 
• Sectional m

icrophysics in 40 bins by volum
e doubling 

• N
o volcanic or aircraft em

issions 

Future w
ork w

ith G
E

O
S-C

hem
 U

C
X

 for 
SSiR

C
 B

G
 E

xperim
ent: 

 • R
epeat for clean background years w

ithout 
 volcanic and aircraft sources  

• Sensitivity to convection and scavenging 
 • scale convective fluxes by 2.0 everyw

here 
 • scale convective fluxes over A

sian 
 

   m
onsoon region only 

       • scale the scavenging rate 
• Longer-term

 to include m
icrophysics for 

 sulfate aerosols 
Em

ission Variation 
G

EO
S-C

hem
 U

C
X 

A
ER

 2-D
 

+20%
 O

C
S

 
+15%

 
+11%

 

S
O

2  N
o A

nthropogenic 
-16%

 
-9%

 
 

N
o D

M
S

, anthropogenic S
O

2 
-28%

 

N
o D

M
S

, C
S

2 , H
2 S

, anthrop S
O

2  
-37%

 

Table 1: C
hange in stratospheric sulfate aerosol burden due to m

odeled variations in source gases 


