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Observing volcanoes from space
EO data (Launch year) Product

Sentinel-1 (2014) Ground deformation; Surface changes

Cosmo-SkyMed (2011) Ground deformation; Surface changes

SAOCOM (2018) Ground deformation; Surface changes

ALOS-2 (2014) Ground deformation; Surface changes

TerraSAR X (2007) Ground deformation; Surface changes

Pleiades (2012), Pleiades Neo 
(2021)

Topography & elevation changes

PlanetScope (2016) Lava flow and damage mapping

Sentinel-2 MSI (2015) Lava flow and damage mapping

Landsat 8-9 OLI TIRS (2013) Lava flow and damage mapping; LST

ASTER (2001) Radiant Heat Flux; LST; Lava flow mapping

Sentinel-3 SLSTR (2016),
MODIS (2001), VIIRS (2013), 
MERSI-II (2017)

Radiant Heat Flux; LST

SEVIRI (2004), FCI (2023) Radiant Heat Flux; Ash retrieval

IASI (2007) Ash retrieval

OMI (2004) SO2 retrieval

TROPOMI (2018) SO2 & BrO retrieval @NASA



SAFARI- An Artificial Intelligence-based StrAtegy For volcAno 
hazaRd monItoring from space
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• features that are not individually relevant may become relevant in the 
context of others;
• features that are individually relevant may not all be useful because of 
possible redundancies.

From Rosi et al., 2022



VOLCANO PILOT DEMONSTRATORS
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Satellite Sensor Data

MSG
SEVIRI

Radiance, 
Volcanic Cloud Top Height

ENVISAT/
Sentinel-1

SAR Ground-Deformation

Terra/
Aqua

MODIS
Land Surface 
Temperature

AURA
OMI SO2 Flux

Sentinel-5 TROPOMI SO2 Flux

GRACE - Gravitational Anomaly

Satellite Sensor Data

SUOMI NNP/
NOAA-20 (JPSS-1)

VIIRS
Normalized Thermal Index,

Radiant Heat Flux

Sentinel-2 MSI
NDMI, 

NDWI, NDVI

Landsat-8/9 TIRS Land Surface Temperature

Terra ASTER Land Surface Temperature

ENVISAT/
Sentinel-1

SAR Ground-Deformation

ETNA VULCANO

VOLCANO PILOT DEMONSTRATORS



CLASSIFICATION REQUIRES LABELED DATA

MANUAL LABELING FROM GROUND-BASED MEASUREMENTS

Supervised ML: Preprocessing



FORWARD 
FILLING OF 

MISSING DATA

SYNTHETIC DATA GENERATION FOR TRAINING LABELED DATA AUGMENTATION

• It is a technique for generating new synthetic 
data from the existing ones;

• Useful for addressing class imbalance problems;

• Helps create realistic variations without altering 
the original distribution.

It replaces missing 
data with the last 
available value in 

a time series.

Supervised ML: Preprocessing



Supervised ML

• Decision Tree
• Random Forest 
• Multiclass Support Vector Machine 
• Naïve Bayes classifier 
• K-Nearest Neighbour (KNN) 
• 3-layer fully connected Neural Network

Quiet EruptionUnrest Cooling

Petrucci et al., 2025 
doi.org/10.1007/s42452-025-07311-8



Input Features: 
LST Anomalies (MODIS), Gravity Anomalies (GRACE),

SO2 flux (OMI), Radiance (SEVIRI), Ground

Displacements (SAR)

Output: 
Volcano State: QUIET, UNREST, ERUPTION, 
COOLING

SUPERVISED MODELS

Supervised ML: Etna (2005-2008) 

Petrucci et al., 2025 
doi.org/10.1007/s42452-025-07311-8

CONFUSION MATRIX

BEST RESULTS FROM 

RANDOM FOREST!

(Accuracy ≈ 0.97)



Semi-Supervised ML: Generative Adversarial Network SGAN 

SMALL AMOUNT OF LABELED DATA

LARGE AMOUNT OF UNLABELED DATA



Input: LST (MODIS), Gravity Anomalies

(GRACE), SO2 flux (OMI), Radiance

(SEVIRI), Ground Displacements (SAR), 
Volcanic Cloud Top Height (SEVIRI)

training period
 (~ 400 elements) 

testing period 
(~ 550 elements)

(a)2004-05 Flank Eruption

(b)2006 Subterminal Eruptions

(c) 2007 (29/3; 11/04; 7/5; 4/09; 23/11) Lava 

Fountains

(d) 2008-09 Flank Eruption

Semi-Supervised ML- SGAN: Etna (2005-2008) 



Semi-Supervised ML- SGAN: Vulcano (2016-2024)
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Conclusions

2. From Classification 
to Prediction!! 

1. Generalization to other 
volcanoes (less monitored)

This work demonstrated the effectiveness of the combined use of AI and multi-
source satellite data in monitoring volcanic hazards.

The large amount of available satellite data and the limited manual labeling 
capacity led to the use of a Semi-Supervised (SGAN) model, ensuring high 

performance even with few labeled data.

In all the analyzed case studies, the SGAN model was able to capture the different 
eruptive states that occurred on Etna and Vulcano in the periods considered.



Thank 
You!
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Questions?
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