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Abstract 
Digital airphotos, airborne LiDAR, ATM and Hyperspectral  imagery were acquired by NERC on 
the 7 and 8 June 2006 in order to provide a range of spatial datasets for the Hermaliere landslide 
complex at Sinard in France (Figure 1). The study was supported by GEF loan of a dual frequency 
GPS system in order to provide ground control during the airborne survey. The resulting data has 
provided an integrated dataset of optical and topographic data that has been used to develop 
geological and geomorphological data of the landslides associated with glacio-lacustrine deposits in 
the French Alps. 
 
Background  
The overall aim of the study was to develop a model of the landscape associated with landslides in 
glacio-lacustrine deposits of the French Alps and develop improved methods for mapping and 
assessing hazard potential based upon a multivariate three-dimensional model. The objective of the 
field investigation was to develop a detailed geological, geotechnical and geomorphological model 
of the area in order to provide detailed ground truth for the remote sensing investigation. The loan 
of a GPS receiver enabled the field team to collect accurate GPS ground control during the NERC 
airborne survey on the 7/8 June 2006. The raw satellite data collected by this receiver was used by 
NERC ARSF to post process the airborne imagery on their return to the UK. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Location of the Hermaliere landslide, Sinard, SE France. 
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Survey procedure 
The base station was set up on a French IGN survey point (Réseau Géodésique Français) north of 
the town of St. Jean d’Herans located approximately 15 km south east of the village of Sinard. The 
point was chosen for its proximity to the study area, the survey precision required (Table 1) and 
given the mountainous terrain the point had very good sky visibility (see Figure 2). 
 
Système RGF93 - Ellipsoïde : IAG GRS80 - Méridien origine : Greenwich 

Latitude Longitude Height (above ellipsoid) 
5° 45' 43.08447'' E 44° 51' 21.92343'' N 873.577 

Système RGF93 - Projection LAMBERT - 93 
East (m) North (m) Height (NGF - IGN1969) (m)  

918 155.935 6 421 251.027 
Système NTF - Projection LAMBERT 3 

East (m) North (m) 
870 672.39 289 641.36 

821.475 

Table 1. Coordinate information for the survey point (Réseau Géodésique Français www.ign.fr).  
 
The GPS was installed for the duration of each of the NERC ARSF flybys, both daytime and night 
time (pre-dawn) data acquisition. At the end of each of the surveys, the satellite data was 
downloaded from the GPS card directly to a laptop and both sets of satellite data were sent directly 
to NERC on our return to the UK to be used during the post-processing of the airborne imagery.  

 

 
 

Figure 2. Location map and photograph of the survey point used as base station during the NERC 
ARSF data acquisition.  
 
Interpretation 
The study has integrated the LiDAR data with photogrammetric derived topographic models from a 
series of French IGN airphotos. GPS control for the digital photogrammetry was provided by 
University of Grenoble. The LiDAR data provided by NERC ARSF has provided the basis for the 
geomorphological and geological interpretation of the area and assisted in mapping the landslide 
where access is very difficult in many parts. The results of this mapping are shown in Figure 2. 
These models have been combined with the interpretation of historic airphotos in order to generate 
a landslide evolution and activity model (Figure 3) and derive estimates of changes in landslide area 
over time. The photogrammetric DEM data are currently being processed alongside the NERC 
LiDAR to derive measures of volume change over time, while the ATM and hyperspectral is also 
currently being processed to provide information on surface spectral  
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Preliminary findings 
The project has to date processed the airborne LiDAR data to derive a geomorphological model of 
the landslide for the 2006 period. The LiDAR model and geomorphological interpretation are 
shown in Figure 3 below. Further interpretation of historical data has provided important 
information on the behaviour of the landslide complex over time (Figure 4) and to calculate changes 
in landslide area using LiDAR and photogrammetric DEM data (Tables 2 and 3).  
 

 
 
Figure 3. Morphometric map of the landslide overlying a hillshade LiDAR image.  
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Figure 4.  Geomorphological maps of the Hermaliere landslide from 1948 to 2003 based upon 
interpretation of airphoto and terrain data.  
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LiDAR based geomorphological assessment has been supplemented by the use of digital 
photogrammetry. To date three sets of aerial photography have been processed to generate digital 
elevation models and orthophotography of the landslide complex. These epochs include 1993, 1998 
and 2003, they have been processed and interpreted alongside the airborne LiDAR acquired during 
2005. The digital terrain models and perspective views of the head of the landslide are shown in 
Figure 5 below and profiles derived from each year and shown in Figure 6.  
 

 

 
 
Figure 5. Digital surface models of the head of the landslide complex. Orthophoto view of the head 
of the landslide (left image 1993, middle image 1998, right image 2003).  

 

 
 
Figure 6. Surface profile changes of the head of the landslide calculated from 1993, 1998 and 2003 
elevation data.   
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Table 2.  Surface area change of the landslide (based on areas identified in the activity maps in 
Figure 3). 

 

Year Advance of landslide between 
years (m) 

1981 121 
1998 87 
2003 2 

 
Table 3.  Rate of advance of the landslide into the lower lake (calculated from airphoto and 
photogrammetry data).  
 
Conclusions and recommendations 
The project has achieved a number of its objectives, but due to delays in data delivery there are a 
number of objectives yet to be completed. Despite this, LiDAR and photogrammetric processing 
has provided important insights into the nature and rate of landslide activity at Sinard. Results from 
this stage of the project are currently being prepared for submission to a peer reviewed journal in 
summer 2009.  
 

Year Area of 
minor 
movement 
(m2) 

Change in 
movement 
from previous 
year 

% 
change 

Area of 
major 
movement 
(m2) 

Change in 
movement 
from previous 
year 

% 
change 

1948 663,542 - - 153,946 - - 
1956 555,237 -108,305 -16 83,988 -69,958 -45 
1978 384,659 -170,578 -30 63,915 -20,073 -23 
1981 743,504 +358,845 +93 410,889 +346,974 +85 
1998 767,127 +23,703 +3 312,212 -98,677 -24 
2003 705,384 -61,743 -8 214,024 -98,188 -31 
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