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Introduction

Slow-moving landslides creep from millimeters to meters annually and may continue creeping for many years [1]. Though these
landslides may not cause casualties, they can not only damage infrastructures, but they can also turn into fast-moving landslides,
particularly in mountainous regions. Therefore, it is crucial to detect slow-moving landslides and continuously monitor them to
mitigate the risks associated with them. Following Amatrice-Norcia-Campotosto seismic sequence during Aug 2016 — Jan 2017 [2],
Central Italy has experienced many landslides including slow-moving landslides that were further triggered by precipitation. Most of
the landslides in this region already existed, some of them were reactivated, and some others were accelerated. Persistent scatterer
Interferometric synthetic aperture radar (PS-InSAR) is a robust technique which allows studying and evaluating slow-moving
landslides in local, regional, and global scales [3]. The sequential turning point detection (STPD) is a fast and robust method of
estimating the times when the velocity of displacement time series changes [4]. This research estimated turning points in PS-InSAR
time series in landslide-prone regions in Central Italy and investigates their relationships with precipitation pattern changes.

Materials and Methods

The study region is in Central Italy which comprises part of the
four Italian regions, namely, Marche, Umbria, Abruzzo, and
Lazio (Figure 1). This work examines a subset of 255 landslide
bodies, the areas of interest (AOI), interacting with urban
planning within the study region, illustrated in Figure 1b. The
displacement over the landslide bodies is thoroughly examined
using PS data obtained from COSMO-SkyMed (CSK) and
Sentinel-1 satellites for 2017-2022, excluding the co-seismic
deformation due to the 2016-2017 seismic sequence [5].

The STPD sequentially estimates a potential turning pointin a
segment within a window based on the least-squares fit of a
connected linear trend with two linear pieces [4,5]. The window
translates over time, e.g., year by year, and the STPD estimates
a potential turning point within each window. All the estimated
turning points are re-evaluated at the final step for the entire
time series to find an optimal connected linear trend with
multiple pieces that fit best the entire time series.

To show possible correlation between precipitation and
displacement turning points, weather locations shown by red
squares in Figure 1b are chosen and monthly accumulated
precipitations are calculated for the period 2017-2022.

(a) 8°0'E 10°0'E 12°0'E 14°0'E_ 16°0'E__ 18°0'E (b) 12°45'E 13°0'E 13°15'E 13°30'E  13°45'E
: N : : : : s /) : P : :

46°0'N
| 1]

43°15'N

: 44°0'N

43°0'N

2°0'N

4

Tyrrheni;én
Sea:

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

40°0'N
42°45'N

42°30'N

Elevation (m)

[ — e e
0 200 400 600 800 1000 1200 1400 1600 1800

B Local Weather Station £ Area of Interest (AOI)

Figure 1. (a) The study region in Central Italy, (b) areas of interest (AOI) within the small
polygons and with a background digital elevation model [5].

(a) o5 Spoleto in Umbria (b) - Spoleto in Umbria

Results and Discussion

The STPD is applied to PS-InSAR time series in landslide-prone
regions in Central Iltaly, see the polygons in Figure 1b. An
example of ascending and descending PS-InSAR time series
along with the STPD results for Spoleto in Umbria is illustrated in
Figure 2, showing a turning point in the summer of 2020.
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Figure 2. The STPD results of a pair of PS-InSAR time series near the weather station shown in

Figure 1b. The geographic locations of the ascending (ASC) and descending (DESC) orbital

geometries are less than 50 m. (a) and (b) show an example of Sentinel-1-ASC and CSK-DESC
time series for Spoleto in Umbria, respectively. NDRI is short for normalized difference residual

index [4]. A DIR or a turning point direction is the slope of the fitted linear piece after a turning

point minus the slope of the fitted linear piece before the turning point [4].

Figure 3a demonstrates that the majority of the estimated
turning points had directions with magnitudes between 2 and 4
mm/year in Umbria. The accumulated precipitation time series
from a nearby weather station also shows a turning point in late
spring (May 2020) with direction of 1494 mm/year, see D3 in
Figure 3b. The increase in precipitation after a prolong dry period
Is a potential triggering factor of the slow-moving landslide
reactivation. The analyses of other parts in Central Italy also
exhibit similar patterns and relations, see [5] for more details.
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Figure 3. (a) The bar chart of directions of turning points for ascending (in red) and descending

(in blue) PS-InSAR time series for Umbria, and (b) the STPD results of accumulated precipitation
for Spoleto in Umbria.
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