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1 - Emergency and post-emergency mapping of shallow landslides through the PANDA methodology
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Heavy rains, earthquakes, and snowmelt can trigger shallow landslides, causing substantial damage to T Slope |
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Methodology. PANDA exploits NDVI changes (based on multispectral, free satellite data) combined with 2 * -’i i i Flydrogranpy i-’ el
geomorphological filters (e.g., slope, river network) to detect bare-soil disturbances caused by potential shallow = = | P i i =
landslides (PL) (Notti et al., 2023). | - i i
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The Emilia case study. PANDA (Notti et al., 2024) was applied to the May 2023 extreme rainfall events in the 2% o i ol b ‘ L
northeastern Apennines, covering about 4,000 km? and mapping about 40’000 potential landslide (PL) densities of = - ‘ i al ' gt L ™ o AT N
up to 50 landslides/km? in the worst-hit sectors. Validation against an independent, high-resolution inventory ,,Idfmg i i »:\r}\,_l..‘_‘i——"a”dat"°" . &, Ny
showed good accuracy, especially in forested areas. i N 0 200m 0 200m"*
S —— ! L e L -l
PANDA methodological flow chart Main steps of the PANDA approach over the sample area in Emilia-Romagna

PANDA worldwide Applied

We also tested PANDA in other areas 137°0°E
of Italy and worldwide. Some cases
include earthquake-induced
landslides in Noto, Japan and the
effects of 2023 Cyclone Gabrielle in
Northern New Zealand.
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2 - Optical Image Correlation (OIC) to track the displacement of the rapid landslide reactivation

Methodology. A large landslide can undergo paroxysmal reactivation, with displacement occurring in a single step or over time. Satellite images can be used to measure horizontal displacement and direction using
Optical Image Correlation (OIC) techniques such as LAMMA (Dematteis et al.,, 2022) or a user-friendly tools such as IMCORR in SAGA GIS. Such applications aim to support rapid landslide assessment during
emergencies, especially in contexts where field access is limited or restricted.

OIC is an adaptable tool

The Boccassuolo case study. In spring 2025, following a particular wet period, a reactivation of a complex landslide affected the hamlet of Boccassuolo, in the NE Apennines (Italy). The OIC used Sentinel-2 WSDEPIEEmEE ]
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and PlanetScope imagery, combined with ancillary data and rainfall analysis, to reconstruct the landslide reactivation sequence (Notti et al., 2026). 7 4
The Boccassuolo landslide evolved from a rotational failure to a fast earthflow and then an earth slide, reaching velocities above 80 m/day. According to OIC analysis, the main activity lasted from March until early 1-2
June 2025. The landslide reactivation caused severe damage, destroyed roads, a bridge and some buildings and it formed landslide-dammed lakes along the Dragone Stream. 2-3
3-4
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Velocity maps obtained through OIC- LAMMA between couples of PlanetScope images acquired on dates: a) 2025-04-04 — 2025-04-11, b) 2025-05-02 — 2025- Displacement occurred at the Boccassuolo Landslide from 15 to 25 May , 4 ;g ] ;5) |
06-04. In b), the apparent motion in the upper sector of the landslide is caused by clouds. c) PlanetScope false colour image of the lake formed by damming of 2025, mapped with OIC using Sentinel-2 images and IMCORR within 0 200 m’?r : Ve = 3040 |
the Dragone Stream SAGA GIS. - e Ak, " 4000

References and dataset

CO N C LU S I O N — Th ero I e Of (0 pti Cad I- EO i N t h e D R M Berti, M., Pizziolo, M., Scaroni, M., Generali, M., Critelli, V., Mulas, M., Tondo, M., Lelli, F,, Fabbiani, C., Ronchetti, F, Ciccarese, G., Dal Seno, N., loriatti, E., Rani, R.,

Zuccarini, A., Simonelli, T., and Corsini, A.: RER2023: the landslide inventory dataset of the May 2023 Emilia-Romagna meteorological event, Earth Syst. Sci. Data,
17,1055-1074, https://doi.org/10.5194 /essd-17-1055-2025, 2025.

Together, the two experienced outline a scalable optical Earth Observation workflow spanning two important aspects of

Disaster Risk Mana gement (DRM ): Dematteis N, Giordan D, Crippa B, Monserrat O (2022) Fast local adaptive multiscale image matching algorithm for remote sensing image correlation.
Computers & Geosciences 159:104988. https://doi.org/10.1016/j.cage0.2021.104988

* PANDA is not a machine lea rning or Al approach’ noris it a manua”y created inventory from HR images. Still, it is a low- Notti, D., Dematteis, N., Cardone, D., Giordan, D. and Godone, D., 2026. Satellite-based investigation of the spring 2025 Boccassuolo Landslide, Northern
. . . . . . . . . Apennines (Italy). Landslides, pp.1-12. https://doi.org/10.1007/s10346-026-02775-0
cost, low-time-consuming, and user-friendly tool; for those not experienced in remote sensing image processing, this
makes it an evidence-based, scalable DRM tool. Notti, D., Cignetti, M., Godone, D., Cardone, D. and Giordan, D., 2024. The unsuPervised shAllow laNdslide rapiD mApping: PANDA method applied to severe
e OIC sh th | f tical tellite dat liabl d ti Iv tool f itori landslid Hvati d rainfalls in northeastern Apennine (Italy). International Journal of Applied Earth Observation and Geoinformation, 129, p.103806.
SNOWS € value OT OptiCal Satellite data aS a reliaple an mely tool Tor monitoring landsiiae reactivation an https://doi.org/10.1016 /j.jag.2024.103806

evolution, thereby contributing to hazard assessment and emergency management in complex, rapidly evolving
Notti, D., Cignetti, M., Godone, D. and Giordan, D., 2023. Semi-automatic mapping of shallow landslides using free Sentinel-2 images and Google Earth

landslide scenarios. Engine. Natural Hazards and Earth System Sciences, 23(7), pp.-2625-2648. https://doi.org/10.5194 /nhess-23-2625-2023,

Notti, D., Wrzesniak, A., Dematteis, N. et al. A multidisciplinary investigation of deep-seated landslide reactivation triggered by an extreme rainfall event: a case

Both approaChes are achievable with freely or low-cost commerC|aIIy available multlspectral satellite data. study of the Monesi di Mendatica landslide, Ligurian Alps. Landslides 18, 2341-2365 (2021). https://doi.org/10.1007/s10346-021-01651-3

We are confident that the new satellite constellations, such as ASI-IRIDE, will likely increase the capability of these tools.
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