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2 year simulations; 2nd year averaged

Modeling Approach



Sulfur Emissions

OCS emissions: 517 pptv in troposphere
SO2 emissions: 800 /cm3/s at <30° lat >100 hPa, 

no surface emissions



OCS good (need to refine trop conc)

WACCM vs. MkIV 
balloon data (G. Toon)

WACCM (solid) vs. 
SPARC report (dashed)

Courtesy of Mike Mills



SO2 high in US/low in LS
2D Model WACCM, mesospheric tuning

Courtesy of Mike Mills



H2SO4 too low 
(excess sulfate 

surface area 
drawing it down)

Courtesy of Mike Mills



Sulfate vs. N2O good except peak 
nucleation

• Wilson et al. (ACP, 2008) 
aircraft observations 

volcanic

background

Wilson 
observations 
(background)

WACCM stratospheric tuning,  
April
WACCM mesospheric tuning,  
April

Courtesy of Mike Mills



Number Concentrations – Vert Profile



Number Concentrations – Zonal Profile

• Zhao BHN 
lower at this 
altitude

•Yu BHN 
similar to 
IMN

•Simulations 
have wider 
profiles than 
obs



Size Distribution



Sulfate Nucleation Rates

• Zhao BHN rates 100 times higher 
than Yu BHN in tropical UTLS

• Yu BHN extend to mid-troposphere 
and upper stratosphere

• Yu IMN increases nucleation by up to 
30% over Yu BHN



WACCM* vs Yu Lookup Table Ranges

Min Max

Yu WACCM Yu WACCM

T (K) 180 180 300 316

RH (%) 0.1 1e-4 99.5 111

SA (um2/cm3) 1 0 100 <100

H2SO4 (#/cm3) 1e5 0.5 1e8 3e8

* WACCM troposphere + stratosphere



RH & SA out of bounds drives nuc rate

Yu BHN: RH cutoff Yu BHN: RH & SA cutoff

Zhao BHN Yu BHN



Next Steps

• Run 2-year simulation setting nucleation to zero if  
RH < 0.1%

•Extend the Lookup tables for more robust coupling 
with WACCM

• Improve sulfur dioxide emissions schemes

• Add micrometeoritic dust to nucleation schemes
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