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LARGE LANDSLIDE MONITORING BASED ON SENTINEL-2
 DERIVED DISPLACEMENT MAPS
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CIAS software Kääb A. and Vollmer M. (2000); Heid T. and Kääb A. (2012)
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4. Results
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5. Discussion and further development References
Displacement maps with a geometric resolution of 10 meters are retrieved using Sentinel-2 

acquisitions and the results are validated by a continuous GPS located on the landslide. This 

technique results to be promising for retrieving displacement fields, in context of large landslides 

monitoring. In particular, it is foreseen to be applied during major reactivation events that, usually, 

reach displacement rates out of the order of magnitude for other satellite based approaches (i.e. 

Multi Temporal Intereferometry SAR based techniques). In order bypass the clear sky requirement 

the method can also be applied to amplitude Sentinel-1 SAR scenes.
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-Heid T. and Kääb A. (2012): Evaluation of existing image matching methods for deriving   glacier 

surface displacements globally from optical satellite imagery. Remote Sens.  Environ., 118, 

339-355.

1. Abstract
The present study illustrates the workflow followed in order to monitor displacements occurring in 

large  active landslides using Sentinel-2 acquisitions. The high revisit time of the Sentinel-2 

mission (10 days  until March 2017, 5 days with the complete fleet in orbit) helps to mitigate the 

requisite of clear sky above the Area Of Interest (AOI) and potentially allows the generation of 

detailed time-series. The extrapolation of displacement time-series from Sentinel-2 products is 

based on the Normalized Cross Correlation (NCC) performed on cloud free Sentinel-2 acquisitions 

of the selected landslide. The so-derived displacements time-series have been validated using 

continuous GNSS data.
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Fig. 1. Geographical location of the study site and sketch of the two distinct phenomena that make up the Ca’ Lita landslide. 1: Rotational
and – translational rock slides – earth slides. 2: Earth slides-earth f ows. Broken white line: main scarp of the earth slide-earth f ow. Dotted
white lines: tip of the landslide deposits in 1996 and during the emergency phase of 2004.

have mainly consisted in the re-arrangement of material on
the landslide body and reshaping of the topographic surface,
carried out in order to seal f ssures and cracks and to avoid
the formation of water impoundments in reverse-slope situa-
tions. Also surface drainage networks were restored, mainly
through the creation of diversion ditches. A few months af-
ter the emergency, an investigation and monitoring campaign
aimed at collecting relevant data for the design of structural
mitigation measures was started.

The complexity and large dimension of landslide make its
structural mitigation a very serious problem. However, the
“do nothing” option, that is often preferable for such large
phenomena, is not a viable one in this case. This is because
the relocation of the private properties endangered by the
phenomenon would have to consider, also, indirect social as-
pects and costs, and that the deviation to an alternative route
of the principal road at the bottom of the slope would only be
possible if a massive economic effort was put into bridging it
over the contiguous Secchia riverbed. Therefore, a structural
mitigation action had to be undertaken, being conscious of
technical diff culties and uncertainties regarding its success.

The general approach to the structural mitigation of the
Ca’ Lita landslide arose from previous experiences on simi-
lar phenomena in the area, and is based on few simple prin-
ciples: restore an eff cient surface drainage pattern; create
a deep-drainage system by means of pits and sub-horizontal

drains, protect the deep drainage systems for the time needed
for them to actually have a stabilisation effect on the slope
by means of deep-founded anchored pile walls. This type
of approach was applied in key critical sectors of the land-
slide, that were identif ed by direct observation of the land-
slide evolution mechanisms and detailed f eld survey sup-
ported also by high def nition DEMs produced with an air-
borne LiDAR survey. As previously mentioned, in these sec-
tors of the landslide, preparatory geotechnical investigation
and monitoring has been carried out in order to evaluate the
feasibility of certain mitigation structures and to support their
technical design.

2 Preparatory geotechnical investigation and monitor-
ing in critical areas

The landslide, classif ed as a complex and composite phe-
nomenon (WP/WLI 1993; Cruden and Varnes, 1996), can be
subdivided into two main phenomena, one affecting the up-
per slope and the other the medium to lower slope (Fig. 1).
The uppermost phenomenon takes place in relation to a

general processes of rock block sliding affecting f ysch rock
masses. In this area, rotational and traslational rock slides
take place and, in many cases, evolve into earth slides or
mud f ows (Hungr et al., 2001). In particular, in the southern
sector a more than 100m thick f ysch slab is dipping upslope

2. Case study
The Ca’ Lita landslide is a large mass movement located in the Secchia River Valley, in the sector 

of the Northern Apennines falling into Reggio Emilia Province, about 70 km west of Bologna 

(Northern Italy). Its total track length is approximately 3 km and its maximum width is about 1.4 km 

in the rear scarp area, with a maximum depth of about 50 m in the upper part. Two major 

reactivations are documented in the last 20 years (1996 and 2004), while, after some remediation 

works, it was artificially stabilized. Recently, on Spring 2016, displacements up to tens of meters 

where recorded during a paroxysmal reactivation.

Ca'Lita landslide - March 2018
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