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Presentation Notes
Good afternoon. assimilate both satellite-based SO2  plume height and amount into a chemical transport model
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Method: combine OMI SO2 retrievals with GEOS-Chem 

amount injection height 

Yang et al., 2009 
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Presentation Notes
To understand climate change, both natural forcing and anthropogenic forcing are important. The key uncertainties in understanding the volcanic aerosol forcing is the amout and injection height of the volcanic SO2 plumes. In the past, many volcanic SO2 emission inventory is based ground report, and the height is specified according to VEI, which is a combination of many factors, and often doesn’t necessarily reflect the altitude of the eruption.  Further many small eruptions are not accounted in the meission database. But, given their injection usually is higher than industrial SO2 injection. They certainly are more efficient to exert a local forcing. In fact, the injection height nowadays is available in the geological report. Here I am showing a histogram of injection height of SO2 plumes based upon ground 3000+ report. We found 80% of erupation boundary layer. 50% is above 4km.



OMI  overpass time  
(~1356-1403 LST on Aug 8, 2008)  

OMI SO2 effective height OMI SO2 column amount 

New insights from satellite observations: 
not only amount, but also plume height  

Jun Wang et al., ACP, 2013 
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Of course, the SO2 emission only gives a snapshot, so in the source, we a



Simulation Evaluation 

With assimilation  
R = 0.73  
RMS =1.25 

Without assimilation  
R = 0.63  
RMS = 1.53  
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Presentation Notes
Here is the zoom-in picture .The correlation generally is weak in the model as compared to observations, although model captures the high variable over the southeast US.



SO2 e-folding time vs. injection height 

Simulated SO2 e-folding time is consistent with OMI (Krotkov et al. 2010);  
Injection height specification is important for simulating the lifetime of SO2. 
 
SO4

2- peaks ~ 2 weeks after eruptions. 

The first 7 days 
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Here is the zoom-in picture .The correlation generally is weak in the model as compared to observations, although model captures the high variable over the southeast US.



08-14-2008 

Verification with CALIPSO data 

GEOS-chem 



Comparison with CALIOP AOD above 10 km 

Geos-Chem SAOD (550nm) CALIPSO AOD (532nm) 



Sensitivity Analysis: 
injection height 



Ongoing work 

Histogram of the injection 
height of SO2 plumes based 
upon observation of 3000+ 
volcanic eruptions between 
Jan 2000 – May 2010.  

     Quantify the 10 years variation of volcanic sulfate direct radiative forcing using 
the combination of satellite data and GoesChem model.  



Summary 

The integrated use of OMI SO2 in GEOS-Chem yields:  
good agreement of the sulfate distributions and SO2 e-
folding time with satellite observations (the MODIS and 
CALIOP, OMI) 
 

Compared with OMI data, ~25% low bias is found in the 
GEOS-Chem SO2, and is likely due to a high (~20%) bias of 
liquid water in meteorological data 

 
The forcing of Kasatochi sulfate:  -1.3 Wm-2 the first month & 

negligible 6 months  
 
Every 2 km decrease of SO2 injection height: ~0.4Wm-2 

decrease in sulfate forcing (global average) 
 



• NASA Atmospheric Composition: Modeling and Analysis 
program managed by Dr. Richard Eckman 
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Inter-comparison with satellite AOD 

MODIS GEOS-Chem 

6 days after  

11 days after 

17 days after 
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