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VOLcanic	Cloud	Analysis	Toolkit	(VOLCAT)	
1).	Unrest	Alerts	 2).	Erup>on	Alerts	 3).	Volcanic	Cloud	Tracking	

5).	Dispersion	Forecas>ng	4).	Volcanic	Cloud	Characteriza>on	



Information Used by VOLCAT 
Algorithms 

1. Spectral 

2. Spatial 

3. Temporal 

4. Multi-sensor 
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Pavolonis et al. 2015a 

Key Science Concept: Maximize the sensitivity to volcanic 
ash by utilizing multi-spectral metrics that account for 
background conditions 
 
Impact of NextGen Satellites: More volcanic cloud relevant 
spectral channels 

Measured BT’s, BTD’s 
and reflectance 

Robust metrics such as β-ratios 
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Using a Naïve Bayesian 
classifier trained with 
manually analyzed 
volcanic clouds, spectral 
metrics are used to 
estimate ash probability 

Pavolonis et al. (2015a);Pavolonis et al.  (2015b) 

Strong Ash 
Signature 

Weak Ash 
Signature 

Weak Ash 
Signature 

Spatial Analysis: 
Cloud Objects 

Strong Ash 
Signature 

Weak Ash 
Signature 

Weak Ash 
Signature 

Key Science Concept: Humans rely 
heavily on spatial pattern recognition 
to identify volcanic clouds, so should 
automated algorithms 
 
Impact of NextGen Satellites: Higher 
spatial resolution aids feature 
recognition 
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Cloud object based volcanic ash detection allows for reliable 
generation of eruption alerts, which is critical in an era with very large 
satellite data volumes 

Auto-detected eruption of Fugeo (Guatemala) with GOES-16 
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The VOLcanic Cloud 
Analysis Toolkit (VOLCAT) 

Automated early 
detection of volcanic 
eruptions 



Information Used by VOLCAT 
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Temporal – Cloud Vertical Growth 

Pavolonis et al.  (2017, in prep) 

Key Science Concept: Volcanic clouds generally emerge 
from volcanic vents in a sudden manner 
 
Impact of NextGen Satellites: More frequent images allows 
for better characterization of developing clouds 
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How anomalous is vertical growth of Nabro cloud given 
the pixel area, time interval between the images, and 
background cloudiness? 

Nabro was an 8 
standard deviation 
growth anomaly 
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The more frequent the images, the better the detection capabilities 
(accuracy and timeliness) 

Cloud growth based auto-detection of Sabancaya (Peru) eruption with 
5 minute GOES-16 data 
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~7 sdev anomaly Ash Height 

Ash Effective 
Radius 

Ash Mass 
Loading 

Pavolonis et al. 2013 
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The time evolution of certain volcanic cloud properties (e.g. area) can 
be used to derive eruption source parameters required to constrain 
dispersion models 



Information Used by VOLCAT 
Algorithms 
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Improved SO2 Products 
SO2 Probability, Loading, and Height 

+ 
UV 

Infrared (high spectral + high spatial) 

= 

Application to SO2 

Key Science Concept: No single sensor is 
perfectly optimized to detect and characterize 
all types of volcanic clouds 
 
Impact of NextGen Satellites: Hyperspectral UV 
and IR greatly aid in volcanic cloud (including 
SO2) detection and characterization 



Conclusions 

–  VOLCAT utilizes spectral, spatial, and temporal information to 
detect and characterize volcanic clouds captured by LEO and 
GEO satellites 

 
–  Much improved volcanic cloud detection and characterization 

is possible with next generation satellites  
 
–  Automated extraction of information is critical in this still 

evolving era of very large satellite data volumes 
 
–  VOLCAT products are generated at the University of 

Wisconsin and are not currently part of the planned 
operational GOES-R product suite 
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EXTRA SLIDES 
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Number of cloud objects processed per day: ~3 million 
Number of growing cloud objects processed per day: 1 million 
Average number of false alerts per day: 3-4 


