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Development of a Multi-sensor System 
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http://volcano.ssec.wisc.edu 



N
adeau and Dalton (2009) 

1). Ash dominated volcanic plumes – Semi-
transparent clouds dominated by volcanic ash. 
Lightning is usually not present in these clouds.  

2). Ice topped umbrella clouds – These cloud are 
mostly observed during a major eruption.  A 
spectral based volcanic ash signal is usually initially 
absent because the ash is encased in ice and/or 
the cloud is opaque. Lightning is often present in 
these clouds. 

3). SO2 clouds – Sulfur dioxide clouds (SO2 gas is 
invisible to the eye) that may or may not contain 
volcanic ash.  Some eruptions produce large 
amounts of SO2 and very little ash and vice-versa. 
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Ash Plume 

Kamchatka 
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Difficult to detect features are 
automatically  detected using a 
multi-spectral cloud object 
based approach 

Kamchatka 
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Even with the new GEO’s, VIIRS 
is still critical! 
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Detect and Alert 
Within our automated alerting system, VIIRS identifies the most 
volcanic ash clouds due to its enhanced sensitivity to small-scale 
features (even at large viewing angles) 

Ubinas (Peru): 
June 30, 2015 
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Ubinas (Peru): 
June 30, 2015 

Detect and 
characterize 

Ash Height 

Ash Loading Ash Effective Radius 
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Raung (Indonesia) 
July 23, 2015 

VIIRS 

MODIS 
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Raung (Indonesia) 
July 23, 2015 
 
Ash Cloud Height 

VIIRS 

MODIS 
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Raung (Indonesia) 
July 23, 2015 
 
Ash Mass Loading 

VIIRS 

MODIS 
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Absorption channels are needed to gain sensitivity to 
cloud height - VIIRS + CrIS can be used to obtain high 
quality IR-based cloud property retrievals 

MODIS has coverage 
within the LW CO2 
absorption band, VIIRS 
does not 
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David Cortes Serey - AP 

Diego Main- Getty Images Servicio Nacional de Geología y Minería 

Calbucco, Chile 
April 22-23, 2015  
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Geostationary satellites are needed for timely detection of 
explosive eruptions, but JPSS adds significant value – benefit of a 
multi-sensor/ multi-orbit approach 
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At 4+ km resolution, the 
minimum 11 μm brightness 
temperature is -66oC 

GOES-13 

April 23, 2015 (05:08 UTC) 

CIMSS Satellite Blog 
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At 375 m resolution, the 
minimum 11 μm brightness 
temperature is -101oC 

VIIRS 
April 23, 2015 (05:09 UTC) 

CIMSS Satellite Blog 
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NASA’s CALIOP lidar later verified that ash 
was present at least up to 20 km! 

Ash in 15-20 
km layer 
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SO2 plume 
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A multi-sensor SO2 
analysis is needed 

Course resolution 
information on 

SO2 

SO2 plume 

NASA GSFC 
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SO2 Plume Dispersed SO2 
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NASA GSFC 
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CALIOP Ash Cloud Height Validation 

Particularly good agreement for 
MODIS_NOAA, SEVIRI NOAA, 
SEVIRI MO 



AM mass comparison 

 

Aircraft-based Ash Mass Loading Validation 
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Application to 
desert dust 

Day and night, 
Land and water 



34 

Application to 
desert dust 

Day and night, 
Land and water 
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Application to 
desert dust 

Day and night, 
Land and water 



Summary 
• In the era of “Big Data” automation is critical for 

generating environmental intelligence for 
mitigating natural hazards 

• Low latency (< 20 minutes) data are critical (need 
to utilize DB sites to the fullest extent) 

• The IDPS aerosol and VCM products are not well 
suited for volcanic cloud applications across the 
full spectrum of cloud types. The JPSS Risk 
Reduction projects are a significant improvement, 
but the multi-sensor VOLCAT system is the long-
term solution. 
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Jet contrail 

Ash cloud 
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Kelut Eruption (February 13, 2014) 

Martin Setvak 





Baseline AWG approach : Medium to high confidence of detection 



Improved approach 
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A multi-sensor SO2 
analysis is needed 

SO2 plume 

Course resolution 
information on 

SO2 
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Very optically thin 
(far field) 

Semi-transparent 
(intermediate field) 

Optically thick/Opaque 
(near field) 

He
ig

ht
 

Some 
Sensitivity 

Poor 
Sensitivit

y 

Poor 
Sensitivity 

(some UV/VIS 
exceptions) 

Good 
Sensitivity 

Some 
Sensitivity 

Cloud Optical Depth 

More consistent ash detection capabilities are needed across the 
spectrum of optical depth (down to detection limit) and height 



Pavolonis et al., 2013 



Pavolonis et al., 2013 



•Single channel IR window 

•11/13.3 µm retrieval 

•11/12 µm retrieval 

•11/12/13.3 µm retrieval 
Ash cloud 
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