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Impact of volcanic eruptions

•Visibility, aviation, …

•Direct natural radiative effect 

 surface temperature

•Indirect radiative effect 

cloud microphysics

•Chemistry effect 

sulfate, O3, etc… 

SO2  SO4
2-

free troposphere & stratosphere

The 1991 eruption of Mount Pinatubo, photo from USGS



Key uncertainties: Injection height and amount

The injection height of SO2 in chemistry transport models often is specified based 

upon VEI (Volcanic Eruption Index) that is not a direct measure of height.

Many eruptions are not accounted in the emission database; but their injections 

are higher than industrial SO2 injections, with longer lifetime to exert regional 

forcing.

Histogram of the injection 

height of volcanic SO2 

plumes based upon ground-

based observation of 3000+ 

volcanic eruptions between 

Jan 2000 – May 2010. 

~80% is above 

boundary layer.

~50% is above 5km.

~10% is above 10km.

This figure took two undergraduates 5 months of work through reading weekly report by 

Smithsonian Institution Global Volcanism Program



New insights from satellite observations:

not only amount, but also plume height 

Yang et al., 2010, Direct retrieval of sulfur dioxide amount and altitude from spaceborne 

hyperspectral UV measurements: Theory and application, JGR.

Kasatochi eruption plumes
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Method: combine OMI SO2 retrievals with GEOS-chem

OMI retrievalGEOS-chem

Aug 9, 2008

Aug 10, 2008

Aug 11, 2008

SO2 emission is initialized 

based upon OMI retrieval 

on Aug 8, 2008.

It appears the oxidation of 

SO2 in GEOS-chem is too 

fast likely due to (a) 

clouds, (b) oxidation rate



Volcanic Sulfate Aerosol Optical Thickness
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Inter-comparison with satellite AOT
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Verification with CALIPSO data

CALIPSOGEOS-chem



Clear-sky volcanic sulfate aerosol forcing, Aug. 7 – 20, 2008 

Kasatochi eruption 

-Wm-2



Summary

Advances in satellite remote sensing of eruptive SO2 amount and 

plume height provide a unique opportunity to:

• improve model initial condition for SO2

• constrain the parameterization of SO2 oxidation in the model, especially 

after combining with other satellite-based products.

• better estimate of natural radiative forcing.

This project is still ongoing, with a goal to create an updated volcanic 

SO2 emission inventory that includes eruptive SO2 amount and 

injection height since OMI era.



• NASA Atmospheric Composition: Modeling and Analysis 

program managed by Dr. Richard Eckman

• Prof. Daniel Jacob and Atmospheric Chemistry Modeling Group 


