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INTRODUCTION
Sentinel-4 is a new geostationary remote sensing instrument designed to provide high temporal resolution measurements of atmospheric composition over Europe. Installed aboard the Meteosat Third
Generation – Sounder (MTG-S) satellites, it features a high-performance UV-VIS-NIR spectrometer that will deliver near-continuous observations of key atmospheric species, including trace gases and
aerosols. Its combination of an 8 × 8 km² spatial resolution with hourly updates across the entire domain enables the detection of rapid atmospheric changes with unprecedented temporal continuity. These
characteristics make Sentinel-4 particularly well suited for monitoring volcanic emissions. The frequent revisit cycle allows near-real-time tracking of sudden variations in SO2 and ash concentrations, and
supports improved analysis of plume formation, transport, and chemical evolution. Compared with current low-Earth-orbit missions, Sentinel-4 introduces a paradigm shift by coupling geostationary coverage
with spectral bands traditionally employed for volcanic gas retrieval. The large volume of high temporal and spectral resolution data produced by Sentinel-4 also presents new challenges for processing and
interpretation. Machine learning methods offer promising solutions for enhancing gas retrieval accuracy, accelerating operational workflows, and improving short-term forecasts of the dispersion of volcanic
plumes. Here, we present an overview of the operational and scientific potential of Sentinel-4 mission for volcanic emission monitoring and provide a comparison with the TROPOMI sensor aboard Sentinel-
5P. The analysis highlights how Sentinel-4 combines the temporal resolution advantages of geostationary platforms with the spectral capabilities of TROPOMI, offering new opportunities - further strengthened
by machine learning techniques - for advanced monitoring and modelling of volcanic plumes.

SPATIAL, SPECTRAL AND TEMPORAL CHARACTERISTICS
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Sentinel-4 provides continuous monitoring of air quality and
trace gas emissions over Europe, North Africa, and parts of the
Middle East from the Meteosat Third Generation platform. Its
geostationary orbit enables hourly daytime observations,
allowing near-real-time tracking of volcanic plumes. The
instrument achieves a spatial resolution of ~8 × 8 km² (at nadir),
suitable for monitoring regional-scale emission sources.
Continuous coverage includes active volcanic regions such as
Mount Etna and Stromboli, making Sentinel-4 particularly
effective for observing persistent degassing and rapidly evolving
eruptions.

From a spectral standpoint, Sentinel-4 operates in the ultraviolet, visible, and
near-infrared (UVN) spectral ranges, covering key absorption bands of key
atmospheric trace gases such as SO₂, NO₂, O₃, and HCHO. Sentinel-4
features a UVN (Ultraviolet–Visible–Near Infrared) spectrometer covering
~305–400 nm (UV), 400–500 nm (Visible), and 750–775 nm (NIR), enabling
the detection of key atmospheric species such as SO₂. Trace gas retrievals
are based on the Differential Optical Absorption Spectroscopy (DOAS), which
exploits narrow absorption features and requires high spectral resolution and
accurate calibration.
These spectral capabilities allow for reliable quantification of volcanic gas
emissions and improved monitoring of degassing processes.
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• Time-Series Analysis of
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Future Works
• Simulating volcanic SO₂ dispersion with Sentinel-4 to analyze spectral, spatial, and temporal responses compared to other 

satellite sensors
• Applying artificial intelligence techniques to quantify SO₂ emissions using Sentinel-4 data

Sentinel-4 enables near real-time monitoring of volcanic emissions with high temporal and spectral resolution. Combined with satellite synergy
and Machine Learning, it significantly improves plume tracking, gas retrievals, and our understanding of volcanic dynamics.
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Useful for tracking trends but limited for 
capturing rapid variations during effusive 
recent activity of Mount Etna (December 
2025 – January 2026).

Compared to TROPOMI, Sentinel-4 will allow monitoring of Etna’s SO₂
emissions on an hourly basis, capturing rapid variations that daily data
cannot detect.
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