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For the management of  volcanic crisis, the ability to rapidly detect magma storage zones and gravitational instabilities on the flanks of volcanic edifices is crucial (Rosi et al., 2022). When combined with the monitoring of volcanic earthquake migrations, surface deformation measurements enable the production of inflation/deflation models over time. These models are essential for quantifying the accumulation of magmatic fluids and their transfer toward the surface.
For andesitic stratovolcanoes such as La Soufrière in Guadeloupe and Mount Pelée in Martinique—the two volcanoes studied here—instrumental knowledge of magma storage zones and timescales remains limited. This is due to eruption recurrence intervals on the order of hundreds of years, while modern deformation measurement techniques (GNSS and radar interferometry) have only been in place for less than two decades. Our understanding of volcanic system dynamics primarily comes from volcanic geology and petrochemistry of magmas from past eruptions (e.g. crystal zonation during magma storage and transport phases; Boudon and Balcone-Boissard, 2021). In the Lesser Antilles, magma storage zones appear relatively stable over time, with three reservoirs: a deep crustal system at approximately 25 km depth, which then fractionates at 10–18 km, and is finally remobilized to supply a shallow system at less than 10 km depth. Furthermore, recent studies on crystals analysis from the most recent eruptions of La Soufrière (Metcalfe et al., 2021) and Mount Pelée (Boudon et al., 2015) reveal very short timescales—ranging from a few months to a few years—between the last episode of magma recharge and its arrival at the surface.
Detecting the magma intrusion is feasible, provided that deformation data are dense, well distributed across the volcanic flanks, and analyzed in real time or with only a moderate delay. The deformation monitoring data from the volcanological and seismological observatories of Guadeloupe (OVSG) and Martinique (OVSM) are primarily based on networks consisting of about ten permanent GNSS stations producing continuous time series, as well as annual repeat campaigns. While increasing the number of ground stations or the frequency of campaigns is possible, such efforts face practical limitations, both financial and in terms of human resources in the field.
A complementary approach involves remote sensing data to increase the number of observations. On some volcanoes, InSAR has provided crucial supplementary data. However, in the wet tropical environment of the Caribbean, studies using available sensors in recent years (Sentinel-1/2, TerraSAR-X, ALOS-1/2) reveal difficulties in measuring deformations that can be used for analysis : limited coherence due to vegetation cover, insufficient temporal sampling frequency, significant atmospheric components, significant erosion, and rugged terrain.
The NASA-ISRO Synthetic Aperture Radar (NISAR) satellite, launched in 2025 and entering operational service in 2026, offers new prospects with an exceptional specifications: 1) L-band InSAR, which is more effective in vegetated areas; 2) measurement of at least two components of Earth’s crustal displacement at individual points, with a revisit interval of 6 to 12 days for known volcanoes worldwide; 3) improved spatial resolution (5 m x 5 m) compared to previous generations of satellites. The quantity and quality of data produced by NISAR present an opportunity to use this sensor for operational monitoring, as a complement to ground-based GNSS data.
Objective:
The objective of this thesis is to produce and analyse deformation data from the two French Antillean volcanoes, La Soufrière and Mount Pelée, both of which are currently in a phase of reactivation and increasing activity. The aim is to model, over time, the magma storage zones, movements along faults, fractures, and gravitational instability structures, integrating seismological, geochemical, and other geophysical  observations.
The deformation data used are primarily time series of absolute or relative positions derived from GNSS and InSAR. At first order, these data allow for long-term displacement rate estimates. They also contain accelerations/decelerations, transient signals, periodic signals, or discontinuities, which may correspond to the telluric processes of interest, but can also arise from other mechanisms that are difficult to distinguish in tropical climates. These include complex atmospheric conditions, pronounced topography, continental or regional hydrological loading, and local anomalies. Detecting subtle volcanic deformation signals requires discriminating among these various contributions in order to correct the time series and model them.
Analysis and Correction of Seasonal Signals in GNSS Time Series
The Lesser Antilles observatories now have over 15 years of geodetic position time series from continuous GNSS stations. These series contain signals from volcano-tectonic processes superimposed on seasonal signals related to the redistribution of continental water masses. A detailed analysis of periodic signals, in relation to proposed models (Chanard et al., 2018), will be conducted to assess their significance at the scale of the studied volcanoes and to develop a method for correcting them, particularly for the repeated stations with high levels of noise.
Estimation of Tropospheric Effects Using GNSS Data
Equipped with 10 and 20 permanent stations on Mount Pelée and La Soufrière, respectively, the GNSS networks of the volcanological observatories are suitable for studying tropospheric delay effects to improve deformation time series. In GNSS data processing, station coordinates are estimated together with tropospheric parameters, particularly zenith delays and horizontal gradients. On the flanks of the Antillean volcanoes under the trade wind regime, tropospheric variability is primarily structured by an asymmetric orographic effect and is locally anisotropic, with frequent cloud formation, intense precipitation, and high tropospheric humidity. In collaboration with the Geodesy team at IPGP, the analysis will focus on zenith tropospheric delays, horizontal gradients, and their temporal coherence, comparing them with available meteorological station observations and the global atmospheric variation reference ERA5 from the European Centre for Medium-Range Weather Forecasts (ECMWF). This work will at least serve as a diagnostic indicator for GNSS phase residuals in time series analysis, and potentially as corrections for their interpretation.
InSAR Data Analysis
Deformation signals from synthetic aperture radar interferometry provide spatial resolution complementary to GNSS-derived signals. However, their exploitation over long periods and for low displacement rates remains challenging due to noise, centimeter-scale biases, and loss of coherence. With its minimum revisit interval of 12 days, the new Earth observation satellite mission NISAR will produce an unprecedented volume of InSAR data. This presents an opportunity to explore its capabilities, especially with its L-band radar, which is more suitable for vegetated areas. Tropospheric effect estimates obtained from GNSS can be used to process interferograms. Initially, this tropospheric characterization at acquisition dates could be used to select favorable interferograms and feed a small-baseline processing chain, such as NSBAS (Doin et al., 2011). In more quantitative approaches, zenith tropospheric delays estimated by GNSS can be directly assimilated into InSAR atmospheric correction models, adapting methods originally developed for Piton de la Fournaise volcano (Albino et al., 2025). Particular attention will also be paid to quantifying, and possibly correcting, phase biases induced by vegetation, which are especially sensitive in L-band (Dalaison et al., 2024). All InSAR-related work developed during this thesis will be coordinated and valorized within the framework of the SNO ISDeform (https://www.isdeform.fr/).
Mechanical Modeling of Deformations
La Soufrière in Guadeloupe is mainly affected by very shallow hydrothermal deformation concentrated on the summit dome, with radial inflation of 3 to 20 mm/year, including an asymmetric component toward the southwest (Moretti et al. 2020; Pantobe et al. 2024; Michaud-Dubuy et al., 2025). In addition to GNSS and InSAR, extensometry data are available to monitor the opening of the dome’s main fractures since 1995. Integrating the various deformation data measured over the past 30 years into a mechanically consistent model will help determine the characteristics of displacement sources: pressure source(s), fracture opening, dimensions, geometry and kinematics of sliding zones, and stress analysis to understand the causal link between movements. The volumes and conditions for flank collapse will then be evaluated using numerical models that take into account topography, stresses, terrain strength, and fluid pressure to estimate impacts.
Since its reactivation in December 2020 (which led authorities to raise the volcanic alert to yellow), Mount Pelée has already recorded two inflation sequences at a depth of about 1 km, the first in 2021–2023 (Fontaine et al., 2025), followed by a new inflation phase starting in mid-2025 that is still ongoing. These observations are consistent with the reactivation of shallow hydrothermal circulation (Vergne, J. and J. Corbeau 2025). While InSAR data from Sentinel and ALOS sensors have not yielded usable results, data from the new NISAR sensor should help complete the deformation dataset, especially on the domes, where vegetation is moderate.
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