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Abstract

Very slow-moving landslides threaten infrastructures and safety, yet detecting their subtle, long-term displace-
ments remains challenging. The eastern slope of Mount Amiata, Tuscany, Italy, where high-precision geodetic
monitoring is required to control the very slow-moving landslides affecting the area, represents an example
of this issue. Namely, in this study we assess whether the joint exploitation of multi-temporal GNSS (con-
tinuous and periodic), Robotic Total Stations (RTS), and Persistent Scatterer InSAR techniques allows us to
provide a coherent picture of very slow-moving landslide areas. While GNSS provides useful long-term dis-
placement data, it may be affected by low signal-to-noise ratios, limiting precision to cm-mm level. Hence,
to refine the outputs, we implement statistical time-series analysis, including weighted linear regression and
95% confidence intervals. RTS delivered high-precision 3D data associated to local-scale measurements,
while InSAR extended coverage to wider areas, resolving East-West and Vertical components from Sentinel-1
data. We highlight that, since 2019, the monitoring network has recorded horizontal displacements averaging
8 mm/y and vertical movements reaching -6 mm/y, well correlating with local morphology and bedrock ge-
ology characteristics. We also perform a comparison of GNSS and RTS measurements with InSAR datasets,
highlighting the limitations of InSAR in vegetated and geometrically complex terrains, while also confirming
its value in capturing large scale displacement trends. The findings demonstrate that, despite their individual
limitations, the joint exploitation of GNSS, RTS, and InSAR allow us to provide a comprehensive framework
for very slow-moving landslide areas. The scalable, cost-effective multi-source system here developed repre-
sents a robust approach for monitoring very slow-moving landslides, supporting risk mitigation strategies in
landslide-prone regions.
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