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Motivation: Global monitoring of all subaerial volcanoes using InSAR



Why automate the detection of volcanic unrest with Sentinel-1 InSAR data?  

Figure: Modified from COMET LiCS portal

Motivation: Global monitoring of all subaerial volcanoes using InSAR



⚫ Gaddes et al., in prep.

⚫ How it works: Campi Flegrei Example 



LiCSAlert: ICA to isolate deformation from noise (atmosphere)
⚫ How it works: 1. Identify independent components that are consistent in 

time.  
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⚫ Take a baseline stage 

of 1-2 years.   

 

⚫ ICA to recover latent 

sources.

 

⚫ Invert to fit each 

interferogram using ICs

 

⚫ Record residual of fit.  

 

⚫ Fit linear trend through 

IC time courses and 

residual.

 

⚫ Gaddes et al., in prep.  

⚫ How it works: 2. Fit ICs to new images and flag changes in use/residuals
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LiCSAlert: monitoring using the ICA signals

⚫ Changes in inflation 

rate are flagged in the 

time course of IC0.

 

⚫ IC2 = Topographically 

correlated APS – note 

annual nature.  

 

⚫ Some false positives in 

the residual, but they 

are usually cancelled 

when the next 

acquisition is available.    

⚫ Gaddes et al., in prep.  

⚫ How it works: 2. Fit ICs to new images and flag changes in use/residuals



LiCSAlert: Changes to earlier algorithm

• Use longer time-span interferograms (by recombination) to recover 

low-rate signals in ICs  

• Option to apply ICA temporally when deformation correlated with 

topography. 

 

⚫ Gaddes et al., in prep.
⚫ Gaddes et al., in prep.  



LiCSAlert: temporal ICA at Vesuvius

⚫ Gaddes et al. In prep.

⚫ Gaddes et al., in prep.

Example of deformation correlated with topography: Vesuvius

⚫ Gaddes et al., in prep.  



LiCSAlert: temporal ICA at Vesuvius – isolating deformation

⚫ IC2 is correlated with interferogram temporal baseline.  

⚫ IC4 is strongly correlated with the DEM.  

⚫  

⚫ Small text.  

Usage strength 
vs 

temporal baseline

Example of deformation correlated with topography: Vesuvius

⚫ Gaddes et al., in prep.  
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ICA as an Atmospheric Correction: applied to Vesuvius

⚫ Gaddes et al., in prep.

LiCSAlert to reduce atmosphere: Vesuvius

• LiCSAlert has much 

lower scatter and closer 

to GNSS

• Even after reducing 

noise by filtering in time, 

LiCSAlert is closer to 

GNSS

⚫ Gaddes et al., in prep.  



LiCSAlert: Changes to earlier algorithm

• Use longer time-span interferograms (by recombination) to recover 

low-rate signals in ICs  

• Option to apply ICA temporally when deformation correlated with 

topography. 

 

• Apply globally by implementing on JASMIN computing system 

• Visualise status for large number of volcanoes

⚫ Gaddes et al., in prep.
⚫ Gaddes et al., in prep.  



Condensing LiCSAlert results to a 2D time series for each volcano frame

Condensing results to 2D for each volcano look direction



Condensing results to 2D for each volcano look direction



Condensing results to 2D for each volcano look direction

But that still gives two numbers per volcano look direction and 

multiple look directions for each volcano



Example: Wolf Volcano, Galapagos

⚫ Small text.  



⚫ Small text.  

Example: Wolf Volcano, Galapagos



⚫ Orange = new deformation metric

⚫ Blue = existing deformation metric

Condense to single 2D time series per volcano
• Take maximum of all look directions

Example: Wolf Volcano, three look directions

Change in rate metric

New deformation metric



1D Unrest metric global results: some volcanoes that erupted

⚫ Biggs et al., submitted

• Taking maximum of change in rate/new deformation metric 



1D Unrest metric global results: some volcanoes that experienced 

unrest

⚫ Biggs et al., submitted



1D Unrest metric global results: some volcanoes without unrest 

but with strong atmospheric signals

⚫ Biggs et al., submitted



⚫ bullet

⚫ Small text.  

LiCSAlert global status example: Fernandina
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Title
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LiCSAlert global status example: Fernandina



Towards global monitoring: all subaerial volcanoes



Towards global monitoring: A1 volcanoes



Towards global monitoring: current status



Try the code! https://github.com/matthew-gaddes/LiCSAlert

⚫ bullet

⚫ Small text.  



Conclusions

⚫ Some text

Summary
 

• Independent Component Analysis (ICA) applied to InSAR time series is the 

basis for an effective way to monitor global volcano deformation 

• ICA is also a very effective atmospheric correction tool

 

• ICA results can be condensed to a !D time series per volcanoes for global 

view 
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