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INTRODUCTION 

Sediment supply is currently recognized as a very important factor for the occurrence and magnitude 
of debris-flows. The sediment recharge is very difficult to quantify due to the unpredictability of 
hillslope erosion processes. The mechanism of sediment transfer from the sources to the fan is not well 
known and it is necessary to improve our understanding of the catchment-scale sediment cascade for 
predicting debris-flow magnitude. Two monitoring programs began in 2009 attempting to study 
sediment flux dynamics at the scale of a small alpine catchment. The monitoring approach is based on 
terrestrial laser scanning (TLS) time series data in the torrent channel’s source area and event-based 
topographic monitoring of a debris-flow torrent channel. This allows for comparing the evolution of 
sediment transport in the source area and torrent channel for identifying variable responses and 
conditions for the initiation and propagation of channelized debris-flows. 
The study site is the Manival torrent catchment, where channelized debris-flows occur annually. The 
catchment is located in the Chartreuse mountain range in the proximity of Grenoble making field 
monitoring convenient. The 3.6 km2 catchment ranges from 560 m to 1740 m and it is composed of 
limestone overlying marls. Rockfalls and hillslope debris-flows are very active in the source area 
depositing in gullies and talus slopes which then mobilizes into the torrent channel. The main torrent 
channel begins at the apex of the alluvial fan with an approximate slope of 19% and after 1.8 km 
downstream, it terminates at an 11% gradient where a sediment trap (25,000 m3 capacity) was built in 
1991. 

METHODS 

The event-based topographic monitoring program consists of 39 cross-sections in the main torrent 
channel where channelized debris-flows are initiated and transported into the surveyed sediment trap.  
Eight periods of significant sediment transport were measured within two years of monitoring. A 
debris-flow occurred each year creating a decreasing trend to the torrent channel storage. Both debris-
flows (1900 m3 and 3400 m3) progressively developed in the monitored channel with no contributions 
from the source area. Detailed yield rate trends were obtained revealing scour consistencies within the 
channel. Monitored rainfall intensities revealed that at least ~25 mm/hr is required for channel debris-
flows to occur only in the condition that there is sediment available. The recharge of sediment into the 
channel can occur with low intensity rainfalls after a debris-flow event due to the recent activity in the 
source area. The TLS monitoring reveal the activity of the gullies and how their storages are 
transported throughout the source area. Within the same storm event of a channel debris-flow, 
mobilization of gully storage, hillslope debris-flows, and rockslides occurred in the source area 
providing variable contributions to the torrent channel.   
Geomorphic processes controlling the production of debris were identified for the dynamics and 
potential magnitudes of the debris-flows. Time series comparison of the TSL monitoring between 
April 2009 and July 2010 of the cliffs and gullies connected to the Manival torrent provide a 
quantitative observation of the erosion and sediment activity contributing the storage in gullies. In the 
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source area, gully activity and preferred rockfall locations could be highlighted (Fig. 1). The acquired 
high resolution DEM enables to perform a local scale structural analysis of the slopes supplying the 
torrent and tributary gullies with sediment. The major features of the topography, such as the main 
discontinuity sets shaping the cliffs of the upper catchment were extracted using the software Coltop 
3D. The influence of bedrock structure as well as terrain morphology can be incorporated into the 
analysis of debris flow production. The spatial variability of the structural setting is compared with the 
zones of debris production response in terms of morphological features (slope geometry) and 
structural parameters (joints orientation, bedding planes, joints spacing and density). The orientation 
of active gullies and scree deposits are compared with the direction of the maximum discontinuity 
frequency in order to highlight a potential morpho-structural control of sediment supply into the 
channels prone to debris flows. 
 

 

Fig. 1 Monitoring of the gully activity and rockfall activity surrounding the gully by multiple terrestrial laser 
scan (TLS) acquisitions. The time series were made from April 2009 to July 2009. The difference of debris 
elevations are in meters. Outlined in red is the detection of rockfall through TLS time series comparison during 
the same time laps.  

CONCLUSION 

Rockfall and landslide occurrences obtained by TLS data and the analysis of their morphostructural 
controls allow for developing susceptibility model for sediment production in the source area (known 
as the recharge for the torrent channel). The combination of spatial prediction of slope failures 
connected to the channel network and channel scouring by debris flows can be used to approximate 
the volume of debris flows. The slope failure susceptibility model can be validated by the budget 
monitoring of the torrent channel as well as debris-flow activity and volumes from historical archives 
throughout the past century. By predicting recharge into the torrent channel, a statistical approach 
using the monitored cross sections can be made for determining the magnitude of a potential debris 
flow.  
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