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Satellite measurements of deformation using InSAR 
include a high proportion of inter- and pre-eruptive signals 

Sentinel-1 interferogram, Reykjanes

Eruption on the Reykjanes Peninsula, 19 March 2021
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Eruption on the Reykjanes Peninsula, 3 August 2022
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Sentinel-1 interferogram, Reykjanes

Satellite measurements of deformation using InSAR 
include a high proportion of inter- and pre-eruptive signals 



Eruption on the Reykjanes Peninsula, 10 July 2023
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Sentinel-1 interferogram, Reykjanes

Satellite measurements of deformation using InSAR 
include a high proportion of inter- and pre-eruptive signals 



Towards volcano deformation monitoring using InSAR

Data collected 
systematically every 6 or 
12 days, and available 
within hours

Allow the generation of 
interferograms over all 
active volcanoes as 
soon as Sentinel-1 SLC 
data is delivered from 
ESA

COMET- LiCS Sentinel-1 InSAR Portal



 Interferograms with inter, co and pre-
eruptive signals over all subaerial
volcanoes, including some volcanoes
have not been systematically analysed at
all

 Improved algorithms to address major
limits on the effectiveness of InSAR

 Displacement time series in high
resolution of 30 m

 A minimum data storage requirements by
only cropping the area around each
volcano

InSAR processing

Time series 
analysis

Atmospheric 
corrections

An automatic processor to derive high-resolution 
displacement time series over global subaerial volcanoes

Machine
learning

Automatic detection 
of changes in 

deformation signals

Observational 
database



Database design

Metadata
 Clipped full-resolution RSLC 

data
 Spatial information
(Longitude, Latitude, DEM)

Machine 
Learning

Volcano info catalogue
 Volcano ID 
 Name
 Location
 Height
 Classification

LiCSAR portal

Deformation products
Accumulative displacement 
(atmospheric corrected and 
uncorrected)
Spatial information
Time baseline information

VolcNet
 Labelled with the type of 

deformation and the location 
of deformation within the 
accumulative displacement

 Non-labelled

COMET volcanic and 
magmatic deformation portal



Decorrelated signals in areas of glacial coverage, winter 
snow and heavy vegetation

Hekla, Iceland

Langila, Papua New Guinea 



Hekla, Iceland

Month A

M
on

th
B

 Short-temporal baseline interferograms

 One-year interferograms

June to September 
of year 1

June to September 
of year 2

…… ……
June to September 

of year 3

One-year interferograms

A coherence analysis for building highly redundant small 
baseline network of interferograms 



Kerinci, Indonesia

Month A

M
on

th
B

 Short-temporal baseline interferograms

 Three-month interferograms

 Six-month interferograms

January April

…… ……
July October

……
Three-month interferograms

Six-month interferograms

A coherence analysis for building highly redundant small 
baseline network of interferograms 



An improved phase unwrapping algorithm 
A. Reducing phase gradients before unwrapping

Unwrapping results

20191208 - 2020101, Nevados de Chillán

B. Spatial gaussian filtering, masking and interpolation

After 2-D Gaussian kernel interpolation
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A novel algorithm for phase loop closure error check
 Identify individual pixels that fail each phase loop closure error check
 Exclude non-redundant interferograms not in any of loops for each pixel

With pixel-wise phase loop closure error check

Without pixel-wise phase loop closure error check

VS.



Tropospheric correction with a spatially varying scaling 
method - co-eruptive signals

 Use high-resolution ECMWF data to define the form of the relationship between tropospheric
delay and height

 Use interferometric phase to refine the interpolation of weather model data in time and space
[Shen et al., 2019]

Taal volcano

Mt. Thorbjorn



 Use high-resolution ECMWF data to define the form of the relationship between tropospheric
delay and height

 Use interferometric phase to refine the interpolation of weather model data in time and space

Tropospheric correction with a spatially varying scaling 
method - inter-eruptive signals

[Shen et al., 2019]

Taal volcano

Mt. Thorbjorn



Automatic detection of changes in deformation signals 
using independent component analysis 

Position of each point is found by the manifold learning method 
t-distributed stochastic neighbor embedding

Clustering and manifold learning results of displacement time series using LiCSAlert [Gaddes et al.,
2019]

the labels and associated colors are found 
by the clustering algorithm, HDBSCAN

Baseline data Monitoring data
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Automatic detection of changes in deformation signals 

[Cardona et al., 2021]

GNSS data recorded from 2015 to 2020 
evidenced an uplift event beginning in July 2019

FRE

PTZ



Volcanic deformation detection and classification using a 
developed convolutional neural network (CNN)  

No deformationDeformation

Volcanic signal

DykeSill
sill: 0.65
dyke: 0.34
no.def: 0.01
sill

Cumulative displacement
[20141023 – 20221017] 

This observational database makes a significant increase 
in the number of volcanoes for network training

 VUDLNet_21 [Gaddes et al., in review]

500,000 labelled Sentinel-1 interferograms
 Synthetic interferograms
 Real dataset of 15 volcanoes from

Volcnet

https://github.com/matthew-gaddes/VUDLNet_21



Askja

Cerro Azul

Cerro Nicholson

Alutu

Piton de la Fournaise

Acamarachi Cochiquito

Adwa

Mount Edgecumbe Longonot

Dieng Volcanic ComplexCerro Pucara

Campi Flegeri

Etna Hekla

Nevados de Chillán

Andahua-Orcopampa Domuyo

Tambo Quemado

Alu-Dalafilla Osorezan Bandao

353 subaerial volcanoes



Data visualization in the COMET volcanic and magmatic 
deformation portal
 https://comet.nerc.ac.uk/comet-volcano-portal



Take home messages
We developed an approach to automatically derive high-resolution displacement time series for

global subaerial volcanoes

We provided a database for machine learning to automatically detect, classify and potentially
forecast volcano deformation

 Online interactive visualization and data request are supported by the COMET Volcanic and
Magmatic Deformation Portal

 The database will be shared publicly under an open source license, and made available through
other relevant projects such as the European Plate Observing System (EPOS) and the Global
Volcano Model (GVM)

L.Shen@leeds.ac.uk        @LinShen_forest 
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