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INTRODUCTION 

In the last two decades, many rockfalls and rock avalanches occurred in high mountain areas 

throughout the world. We term rockfall the sudden collapse of a rock mass from a steep rockwall, 

with a volume exceeding 100 m
3
; rock avalanche (volume > 0.1 to 1.0 M m

3
)

 
is characterized by a dry 

granular flow that allows great travel distance. Among geomorphological phenomena affecting 

mountain regions, rockfalls and rock avalanches are the most unexpected ones because of their high 

speed, the large volume of rock involved, and the risks they generate: destabilization of 

infrastructures, danger for population and buildings along the path of the rockfalls, and in the valleys 

through cascading effects. Frequency of rockfalls rises in the Alps mainly due to the permafrost 

degradation controlled by the global warming, while vulnerability is increasing both at high elevation 

and at the bottom of the valleys. Our study presents a method for mapping the rockfall susceptibility 

in the Mont Blanc massif, based on the characterisation of rockfalls through the analysis of two types 

of inventories. 

THE TWO TYPES OF ROCKFALL INVENTORIES USED IN THIS STUDY 

Data on rockfalls at high elevation are scarce, although exhaustive and continuous spatial and time 

series are necessary to analyse these rockfalls. In this goal, two approaches have been developed: 

− a network of observers, composed with dozens of guides, hut keepers and mountaineers, and 

coupled with fieldworks allows an almost exhaustive inventory of the rockfalls which occur 

during the year (Ravanel et al., 2010). Starting in 2005 and fully operational since 2007, this 

network focuses on the central area of the Mont Blanc massif (57 % of its surface). The inventory 

is carried out with reporting forms, indicating the main features of the rockfalls. The network is 

reactivated every year. As such network guarantees a high representativeness of the data but not 

its completeness, an important fieldwork is conducted every fall in order to check the reported 

observations (e.g. location and elevation of the scars) and to complete them;  

− in order to get data about the exceptional rockwall morphodynamics during the 2003 summer 

heatwave, rockfalls of this period were surveyed by analysing the supraglacial deposits present on 

a SPOT-5 image. This satellite image, taken at the end of the heatwave period, covers the entire 

massif (Ravanel et al., accepted). 

For each inventory, elevation of scars, slope angle and aspect of the affected rockwalls have been 

calculated from a 10 m DEM in a GIS (ArcGIS). Beyond topographic parameters, several other 

parameters should be expected as predisposing or triggering factors but have not been considered for 

different reasons. Geological parameters are not here took into account because the most important 

part of the massif is granitic and because of the lack of precise data on the structure: faults and shear 
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zones are very badly and insufficiently reported on geological maps. The parameter “permafrost” has 

not been included either since the spatial distribution of rockfalls is already partly dependent on it. 

ROCKFALL SUSCEPTIBILITY ZONING AT A MASSIF SCALE AND VALIDATION 

The rockfall susceptibility is assessed using ArcGIS with the DEM mentioned above. The data used to 

parameterize the rockfall susceptibility model are the one of 2003 (182 reported rockfalls; Ravanel et 

al., accepted), 2007, 2008 (45 and 22 reported rockfalls respectively; Ravanel et al., 2010) and 2009 

(72 reported rockfalls; Ravanel and Deline, accepted). The model overlaps several layers. Each one 

corresponds to the rockfall susceptibility concerning one of the selected parameters (slope angle, 

aspect, elevations). For each parameter, five levels of susceptibility have been determined from the 

analysis of the rockfalls. The table 1 presents the values of the three parameters for each level. All 

parameters are considered as equivalent. An overall level of susceptibility is then calculated for each 

DEM cell by multiplying the three levels previously obtained. The rockfall susceptibility is 

considered as very low, low, intermediate, high and very high when these general levels are 

respectively situated between 1 and 25, 26 and 50, 51 and 75, 76 and 100, 101 and 125. Mapping the 

rockfall susceptibility is then obtained. Finally, quantifying the relationship between levels of 

susceptibility and rockfalls of 2010 (around 30 events) allows the validation the model. 

 

Susceptibility Level Slope angles (°) Aspects Elevations (m a.s.l.) 

Very low 1 
38-47, 49, 54, 61, 62,      

70, 71, 74, 76, 79-90 
/ 

2000-2999, 3100-3199,   

3900-4799 

Low 2 
48, 50-53, 57,                    

59, 65, 72 
/ 

3000-3099, 3200-3299,   

3700-3799 

Moderate 3 
55, 56, 58, 63,                      

64, 67, 73 
W, SW, S, SE, E 

3300-3399,                        

3800-3899 

High 4 
60, 66,                                    

77, 78 
N, NE 3600-3699 

Very high 5 
68, 69,                              

75 
NW 3400-3599 

Tab. 1 Values of the three used parameters for each level of rockfall susceptibility. 
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