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Time-series of displacement fields of the Harmalière landslide derived from a combination of Senitnel-2 and 
Landsat-8 images. 

Abstract: 
Slow-moving landslides are 
widespread in many landscapes 
with significant impacts on the 
topographic relief, sediment 
transfer and human settlements. 
Their area-wide mapping and 
monitoring in mountainous 
terrain, however, is still 
challenging. This study targets to 
develop an automatic 
processing chain to better exploit   
the growing archives of optical 
remote sensing images, which 
offer a great potential for the 
operational detection and 
monitoring of landslides in such 
areas.  
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Introduction Processing of optical image time-series 
on large processing infrastructures  

To enable the timely processing of 
large image archives both tools have 
been optimized and integrated into a 
service which takes advantage of 
parallel and distributed computing 
large infrastructures such as high-
performance clusters and cloud-
based computing. 
 
The service has been tested for the 
detection and monitoring of two 
quickly evolving landslides. The two 
test sites are the Harmalière landslide 
(Trièves region) which underwent 
strong acceleration in June 2016 and 
the Pas de l’Ours landslide (Queyras 
region) which remains active since 
early March 2017. 

Top: Location of the case study areas 
(Harmalière and Pas d’Ours landslides) 
Bottom: Road surface deformation 
induced by the Pas de l’Ours landslide 

The aim of the Project “ XXX . . . . . . . 
… . . .. .. .. . .. .. . .. . .. .. .. . ..” of the 
EUR-OPA Major Hazards Agreement is 
the risk reduction in coastal areas by 
the development of coastal hazards 
mapping procedures including the 
impact of sea level rise on coastal 
processes as a useful basis for multi-
hazard assessment.  
 

The increasing fleet of optical Earth 
Observation satellites with high (e.g. 
Sentinel-2, Doves) and very-high 
spatial resolution (e.g. Pléiades) 
generate increasingly large time-
series of optical satellite images 
providing valuable input for surface 
motion measurements. While the 
image data is increasingly available 
without restrictions, the exploitation of 
larger time-series still requires 
considerable expertise, 
computational resources and 
specialized commercial software. 
To enable a large Earth Science 
community to process easily and 
rapidly large time series this research 
developed and implemented coregis 
(an open-source framework for 
precise image co-registration) and 
MPIC (Multiple-Pairwaise Image 
Correlation). 

Field photo of the Pas de l’’Ours landslides in early 
2017. 

The aim of the Project “Development of cost-
effective ground-based and remote 
monitoring and early warning system for 
detecting debris flow/landslide initiation” is to 
test and implement geophysical techniques 
for landslide long-term monitoring and 
landslide detection. Two types of approaches 
are pursued: the development and test of 1) 
ground-based geophysical sensors such as 
seismometers and geophones, and of 2) 
remote sensors such as high resolution satellite 
imagery. Open source processing algorithms 
are being developed to define the 
deformation pattern (at the surface or in 
depth) of landslides.  
The increasing fleet of optical Earth 
Observation satellites with high (e.g. Sentinel-
2, Doves) and very-high spatial resolution (e.g. 
Pléiades) generate increasingly large time-
series providing valuable input for surface 
motion measurements. While the image data 
is increasingly available without restrictions, 
the exploitation of larger time-series still 
requires considerable expertise, 
computational resources and specialized 
commercial software. To enable a large Earth 
Science community to process easily and 
rapidly large time series this research 
developed and implemented coregis (an 
open-source framework for precise image co-
registration) and MPIC (Multiple-Pairwaise 
Image Correlation). 
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Schematic overview of the MPIC processing chain. 

Methods and Data  

Correction of co-registration errors 
 

Despite an improved geolocation accuracy of 
the latest generation of EO satellites, images 
acquired by different sensors and during 
different periods typically carry small 
misalignments that require correction before 
surface motion measurements.  To this end a 
statistical correction procedure (COREGIS) was 
integrated into the processing chain. 

Sub-pixel image correlation  
 

Image correlation is an image matching method to find 
corresponding objects in images sequences. If the images 
are precisely co-registered it can be used to measure the 
displacement for every image pixel [1]. By upsampling the 
original images to higher resolution the measurement 
precision can be improved to sub-pixel precision (1/10 th 
and more). 
 

Basic principle of image correlation. An extract from the 

Multiple pairwise image correlation (MPIC) 
 

The developed processing chain extends an open-source 
library for image-correlation [2] in that it measures the 
surface displacement among multiple pair combinations of 
a time-series. This allows producing multiple redundant 
measurements which are combined to improve the 
reliability of the detection and the measurement accuracy.   

first image is compared systematically to a search window of a second image. 
The position with the highest similarity (correlation) is considered as a match. 

Schematic overview of the COREGIS processing chain. 
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  Results  

Case study 1: Monitoring of the Harmalière landslide 
 
The Harmalière landslide, located 30 km South of Grenoble 
in the Trièves region (French Alps) develops in clay-rich 
glaciolacustrine sediments. It has been particularly active 
between 1981 and 2003 with an average surface 
displacement of 10 m.year-1.  The landslide underwent 
another abrupt acceleration starting June 27 2016. To 
document this period of acceleration, a time-series of 31 
Sentinel-2 images and 1 Landsat-8 image spanning the 
period 2016-05-05 to 2017-08-21 have been processed. 
 

Surface motion time-series for the Harmalière landslide from 05-05-2016 to 
2017-08-21 at 3 selected points at the head scarp, transport  zone and the toe. 

Horizontal surface displacement of the Harmalière landslide from 05-05-
2016 to 2016-09-02. 

The evolution of the surface motion pattern shows an 
acceleration that initiated with retrogressive failures at 
the head scarp, whereas the toe remained initially 
stable. The flow-like motion pattern suggest that strain 
is mainly accommodated by remolding of the 
resulting blocks and deformation of fine grained 
matrix rather than by the movement of individual 
coherent blocks. After the initial failure, the largest 
measured displacements are observed at a 
secondary scarp at the center of the landslide. The 
measured surface velocities range from 0.32 m.d-1 to 
up to 13.3 m in a single day. 
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 Case study 2: Monitoring of the Pas de l’Ours landslide 
 
The Pas de l'Ours landslide at Aiguilles (Queyras region) is currently 
undergoing a major acceleration phase with displacements from several 
centimeters to decimeters per day depending on the area. It has 
developed in unconsolidated schists and moraines. The total volume of the 
moving mass is estimated at 15 millions cubic meters, with a width of the 
unstable area of 1 km and a length of 600 m, which makes it one of the 
largest active slow-moving landslide in the Alps. To investigate the c 14 
images > 25 correlograms (2016-04-25 to 2017-05-30). The analyses show no 
notable movement until late March 2017 but a major acceleration with 
velocities of up to 0.35 m.d-1. While the surface velocities decreased 
following the initial acceleration the landslide remained active until end of 
May and beyond. It remains a major risk factor in the valley. 
 

Horizontal surface velocities of the Pas de l’Ours landslide derived from a series of Sentinel-2 images for the period 2016-11-01 to 2017-05-30. 
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Conclusions and perspectives:  
 

This study developed and tested of a new method for the detection and 
monitoring of slow-moving landslides through the correlation of time-series of 
Sentinel-2 and Landsat-8 images. It addresses the need exploit increasingly larger 
time-series of freely available optical satellite images through the implementation 
of an automated processing chain on large computing infrastructures. Two case 
studies show the utility of the processing chain to detect and monitor large 
landslides with surface velocities ranging from several centimetres to several meters 
per day. 
Further improvements of the service may include better corrections of local 
orthorectification errors since Sentinel-2 and Landsat-8 data are generally 
distributed in a readily orthorectified format. 
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Created in 1987, CERG is both a 
specialized research centre of the EUR-
OPA Major Hazards Partial Agreement 
of Council of Europe and a non-
governmental international association 
(defined on the basis of the French law 
1901) with active, corresponding and 
honorary  members. 
 
The objectives are to prepare, conduct 
and coordinate research activities, 
training activities, transfer of knowledge 
activities and expert advices on the 
prevention of geomorphological and 
geohydrological hazards and risks, 
especially landslides, gravitational flows 
and floods. 
CERG is promoting scientific and 
technical cooperation among 
European research and training 
organisations, as well as overseas. 
 
CERG is disseminating methodology 
and techniques through advanced 
training courses and guidebooks. 
 


