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This report presents comparisons between SO2 volcanic results obtained by 3 TIR 
techniques and 2 UV techniques.

1) A retrieval techniques developed at UMBC by Scott Hannon 
and Larrabee Strow (HSA).

2)  A modified (fast) HSA. It is under testing now.  Currently 
both algorithm are realized in MATLAB language. Our goal is a 
development of a FORTRAN-based code based on one 
algorithm or another.  This code may be introduced into the 
GSFC computer system. 

Both UMBC algorithms use a fast radiation transfer code 
SARTA . [Strow, L., H. Motteler, R. Benson, S. Hannon, and S. 
De Souza-Machado(1998), Fast computation of 
monochromatic infrared atmospheric transmittances using 
compressed look-up tables, J. Quant. Spectrosc. Rad.Trans., 
59(3-5), 481 – 493.]

3) The UMBC retrievals  are being compared with the   
retrievals by a code developed by F. Prata (NILU, Norway) that 
is also in use at the GSFC in NRT mode.  

Outline

Multi-Sensor Comparison: UV SO2 retrievals for OMI/Aura and OMPS/NPP
TIR retrievals for VIIRS and MODIS



Solar UV and thermal IR techniques

Solar radiance has a maximum near λ~
0.5 μm (500 nm), and it is attenuated 
by scattering, clouds, aerosol, gases, 
etc

Thermal (or terrestrial) radiance has a 
maximum near λ~12 μm (ν=1/λ=800 
cm-1)

T ~ 6000 K

T ~ 270-300 K T ~ 270-300 K

SO2

SO2

OMI, SCIAMACHY, 
OMPS, etc

AIRS, IASI, CrIS, etc



AIRS High-Resolution (2000+ Channels) Spectra: 
Unique Identification of Plume Constituents



Holuhraun Fissure, Bardarbunga
Volcano, Iceland

• Lava Fountains Give Rise to Gas Plumes
• Multiple Sources for Plumes along Fissure
• Gas Plume Lies Beneath Opaque Steam 

Plume
• Low-Altitude Plumes: 3 – 5 km
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VIIRS / 2014‐09‐23 / 12:30 UTC
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• Heterogeneous Viewing Conditions: Clouds, Land and Sea Surface, Glacial Ice
• Complexity within an AIRS IFOV

250 km



2014‐09‐05
Night‐Time Observations



Total Mass: 19.5  kt



Total Mass: 37  kt



Bardarbunga
Volcano

AIRS Operational 
SO2 Retrieval
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Coarse Spatial 
Resolution (~15 km) 
Dilutes SO2 Conc. 
Relative to 
MODIS (1 km) 
or VIIRS (750 m)
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Calculations of Averaging Kernels

Background SO2 profile with 0.133 DU is assumed.

1. 3 layers (## 10, 11, 12)* taken together were 
perturbed by 3 DU of SO2, total 3.133

2. SARTA calculates outgoing radiance 
3. This radiance is used as “observed” radiance 

for the Hannon-Strow retrieval algorithm.
4. SO2 in the layer between 5 and 10 km  is tuned 

until the “observed” radiance in SO2 lines 
coincide with calculated one. 

5. AK for the given altitude is: HSA-retrieved delta 
(SO2) in DU divided by 3 DU. 

6. 4. Go to (1) but for layers ## 12, 13, 14 and so 
on down to bottom. 

AK Indicates Lack of Sensitivity Below 5 km.
Does HSA Miss Significant Amounts of 
Low-Altitude SO2?

Total Mass (kilotonnes)
MODIS-Aqua:  19.5 kt
VIIRS: 37 kt
AIRS/HSA: 0.562 kt

Max. SO2 (Dobson Units)
AIRS/Prata: ~ 28 DU
AIRS/HSA: ~ 7 DU







2014‐09‐05
Day Time Observations
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Bardarbunga Volcano
2014‐09‐05

True‐Color Composites

MODIS‐Aqua: 13:05 UTC VIIRS: 13:10 UTC



Total Mass: 35.6  kt



Day‐Time 
Observation 
Enables UV‐Based 
Retrievals 

Plume Height 
(CMA): 8 km

Total Mass 
(kilotonnes)
OMI:   93.7 kt
VIIRS:  35.6 kt



AK Indicates Lack of 
Sensitivity Below 5 km

Total Mass (kilotonnes)
OMI:  93.7 kt
VIIRS: 35.6 kt
AIRS/HSA: 0.093 kt

Max. SO2 (Dobson Units)
AIRS/Prata: ~ 9 DU
AIRS/HSA: ~ 2 DU Prata

HSA



Thanks for Your Attention.
Any Questions?


