
The estimation of surface temperature by Earth Observation (EO) data enables the detection of new thermal anomalies or changes in existing ones, providing valuable insights for hazard assessment. Stromboli temperature
measurements, during quiescent phases, can be analyzed to improve the monitoring of volcanic activity. Surface temperature maps are generated by processing Thermal InfraRed (TIR) data from Advanced Spaceborne Thermal Emission
and Reflection Radiometer (ASTER), Landsat 8, and the last recent ECOsystem Spaceborne Thermal Radiometer Experiment on Space Station (ECOSTRESS) mission. These data permit us to analyze temporal series and have been
validated and integrated by means of Unmanned Aerial Vehicle (UAV) and ground measurements. Additionally, the ASI-PRISMA (PRecursore IperSpettrale della Missione Applicativa) hyperspectral satellite, which operates in the 0.4–2.5
µm spectral range with a spatial resolution of 30 m plus a 5 m Ground Sample Distance (GSD) panchromatic channel, provides the capability to delineate lava flows. This information offers the possibility to update the surface materials
distribution related to different Stromboli volcanic activities using the EO suitable data available. Furthermore, hyperspectral data, such as collected by PRISMA and by HyTES (Hyperspectral Thermal Emission Spectometer) can support
the detection of gas emissions (e.g., CO2 in the Short-Wave InfraRed (SWIR) and SO2 in the TIR spectral region) from the summit craters. This multisensor approach wants to provide insights into the dynamic processes of Stromboli,
contributing to the understanding and monitoring of active volcanic systems.
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Stromboli: volcano known for its regular explosions,
which are the result of gas bubbles rising faster than the
surrounding magma. These eruptions occur at varying
intervals, ranging from minutes to several hours.
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On the left, the INGV monitoring
network. The blue area is ‘Sciara
del Fuoco’, formed as a result of
a sector collapse around 5,000
years ago.

Thermal anomalies by TIR satellites

The satellite data have been acquired by ASTER (GSD=90 m, since Dec. 1999), TIRS (Thermal Infra-Red Sensor, GSD=100 m, since Feb. 2013) on Landsat 8
(available from 2013) and ECOSTRESS (GSD=70 m, from June 2018). To analyse the thermal state variation in the summit, the data have been processed using
the Temperature and Emissivity Separation (TES) methodology (Gillespie et al. 1998) for ASTER and the Single Channel Algorithm (SCA), inverting the
Radiative Transfer Equation) for Landsat 8. Moreover, the Level 2 product, ECOSTRESS Land Surface Temperature, have been used.
For ASTER and Landsat 8 satellite acquisitions, the atmospheric soundings (up to 30 km) collected by the University of Wyoming have been considered. They
contain the profiles of pressure, humidity and temperature useful to remove atmospheric effects on satellite acquisitions and better estimate surface
temperatures. Only night-time images have been considered in the analysis, avoiding the thermal contrast due to solar heating and because the surface
radiant temperature is more constant than in the day-time.
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9 October 2022: At 09:21 UTC, a lava overflow from the central crater sector caused a rim collapse, triggering a pyroclastic flow that reached the sea in ~26
seconds (velocity ~50 m/s). Two lava flows followed, reaching the coastline within minutes. Lava activity persisted throughout the day. The alert level was
raised to Orange.
5 December 2022: After 14:00 UTC, lava and pyroclastic flows occurred in the northern and south-central crater sectors. A crater terrace collapse generated a
small volcanic tsunami, detected by monitoring instruments. The alert level was again raised to Orange.
27 September 2023 – 5 October 2023: Eruptive activity persisted at Stromboli from 25 September to 1 October. Explosions of varying intensities occurred at a
rate of 7-13 per hour in Area N. Explosions at N2 primarily ejected coarse material, including bombs and lapilli, occasionally mixed with ash, reaching heights of
up to 150 m above the vents.
10 July 2024: The intense eruptive activity of Stromboli in 2024, with emissions of lava and ash that affected the surrounding area and caused the temporary 
closure of the Catania Airport. The ‘Dipartimento della Protezione Civile’ maintained the alert Level at Red (the highest level on a four-level scale).

Volcanic gas emission

Surface classification with PRISMA sensor

The Principal Component Analysis (PCA) reduces the large multiband dataset to a smaller
number of components that retain the majority of the information (spectral variance) in
the original dataset. Support Vector Machines (SVM) classification is a supervised machine
learning method that performs classification using a spectral library (Vapnik, 1995; Fauvel
et al. , 2008; Licciardi et al. , 2009) derived from the geological map based on the statistical
learning theory.

The exploitation of satellite data for the analysis of
gases emitted from volcanoes is very challenging,
particularly for carbon dioxide emissions. We tested
retrieval algorithms on PRISMA images (30 m of spatial
resolution). The figure below shows an example of Top
Of Atmosphere (TOA) spectral profiles acquired by
PRISMA on the Stromboli volcano for two different
pixels. The maximum absorption of the gas occurs
around 2.06 μm leading to smaller values of TOA
radiances.

Example of spectral
profiles acquired by
PRISMA on the
Stromboli volcano in
the range 1900-2180
nm, which includes
the CO2 absorption
bands at ~2 μm.
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The miniGAS is a small 1.5 kg multi-gas concentration
instrument for CO2, SO2, H2S and H2O gases.
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Stromboli geological map (Rosi, 1975) SVM from PRISMA (Sept. 21st, 2021)
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It includes temperature,
pressure, GPS sensor,
onboard data storage,
mid-range RF antennas
for 1.5 km telemetry
range capabilities,
allowing portable or
drone/robot based real-
time remote in-situ gas
data collection.
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