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Sentinel-1 based landslide mapping and monitoring experiences in Italy: state-of-the-art and future perspectives
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Abstract. Ground deformations, e.g. slope instability, regional and local subsidence and anthropogenic modifications of the landscape, are among the major threats for urban and social developments. Every year the damage related to such geohazards accounts for conspicuous amounts of money. Italy is uninterruptedly affected by ground deformation events, and the efforts spent to prevent these events and the related consequences make it a forefront country for the monitoring of the territory. One of the most important advancements is represented by the spaceborne Synthetic Aperture Radar (SAR) data. SAR-based monitoring enables accurate measurement of surface deformation over large areas, depending also on the revisiting time of the satellite constellation. The launch of the Sentinel-1 mission, characterized by a 6-days repeat pass, made possible the upgrade from a static view of the territory to a continuous streaming of ground motion measurements. The first results of the continuous monitoring, performed through Sentinel-1 data, of three Italian Regions (Tuscany, Veneto and Valle d’Aosta) in the framework of an operational monitoring service, are presented. The operational chain is organized in four steps: i) generation of Sentinel-1 ground deformation maps including displacement Time Series (TS); ii) detection of “anomalous” points, i.e. those targets showing a change in the deformation trend; iii) classification of the “anomalies”, according to the type of deformation; iv) if necessary, warning of local authorities in case of persistent and significant anomalous trends requiring field checks. These first experiences of the three Regions was useful to detect recurrent patterns of deformation, both due to landslides and subsidence, giving also the possibility to comprehend the spatial distribution pattern of the anomalies. So far, most of data were useful to spot unstable areas or to capture pre- and post-failure signs, however the potential of the Sentinel-1 for the detection of pre-failure accelerating creep has been recently proved through some retrospective InSAR analysis, as testified by the case of the Xinmo landslide (China). Such event occurred on 24 June 2017, and Sentinel-1 data demonstrated that an accurate estimation of the time of collapse was already possible at the beginning of June. This result shows that satellite radar data, systematically acquired over large areas with short revisiting time, could be used not only for mapping unstable areas, but can be also implemented to set up a landslide warning system, at least for some typologies of sliding phenomena. Therefore, the future tasks for satellite monitoring of ground deformation must be oriented towards the continuous monitoring of large areas, with prediction capabilities in order to prevent ground failures.
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