
12th Congress INTERPRAEVENT 2012 
Grenoble / France – Extended Abstracts 
www.interpraevent.at 

 
 

ECSTREM: A PRACTICAL APPROACH FOR PREDICTING 
SEDIMENT YIELD OF TORRENTS IN THE FRENCH ALPS 

Christophe Peteuil1 and Fréderic Liébault2 

INTRODUCTION 

In torrent catchment studies, sediment transport quantification is an essential step for the diagnostic of 
natural hazards. Most of the predictive tools used in France by engineers are not calibrated with field 
observations collected on French alpine torrents. The objective of this study is to present the 
ECSTReM method, a French acronym for “assessment of torrent sediment yield from multivariate 
regression”. This method was developed by the Restoration of Mountain Territories department of the 
National Forest Office (ONF-RTM) and the Cemagref of Grenoble in the framework of a research 
project dedicated to (i) the compilation of sediment transport data of French alpine torrents, and (ii) 
the development of a practical approach for predicting annual and event-based sediment yield of 
torrent catchments. 

METHOD AND RESULTS 

The first step was to compile a database of torrent sediment yield based on 72 small alpine catchments 
in the French Alps. Data were collected from different sources available at the RTM service: (i) the 
database “événements” which compiles information about past natural hazard events including torrent 
floods and debris-flows, and (ii) sediment retention basin registries, both being managed by the RTM 
service. We also collected information from the scientific literature and technical reports dedicated to 
specific sites. 
Three catchment samples were constituted depending on available data. The first sample gathers 
torrents with a long record of past events for which an estimate of the sediment yield frequency is 
possible. The 10 and 100 year recurrence interval of sediment yields were derived from a Gumbel law. 
The second sample includes in addition torrents with short records for which it is not possible to 
implement a frequency analysis, but for which it is possible to estimate the mean annual sediment 
yield. The third sample includes the entire set of torrent catchments for which we can collect the 
known maximum sediment yield. The study period extends from the 19th to the 21th centuries. 
The second step was to characterize for each catchment a set of descriptive parameters summarizing 
sediment transport conditions (catchment morphometry, sediment sources, long profile, dominant type 
of sediment transport process, rainfall forcings). A multivariate statistical analysis was performed to 
determine the most performing parameters for predicting sediment yield. Several statistical models 
were developed and tested (Tab. 1). To test these models, we calculate the percentage of ratio r = 
[calculated volume] / [observed volume] included in a given interval. The results are good, as all 
formulas obtained a score above 75% when the ratio r was tested in the range [0.5 – 2]. 
The main originality of the proposed statistical models is that they integrate the surface of active 
erosion terrains connected to the stream network; this parameter is highly correlated to the sediment 
yield. We also proposed specific models for fluvial and debris-flow dominated catchments. The main 
interests of these predictive tools are that they are calibrated on French alpine torrents and they satisfy 
the need of regional tools for predicting sediment yields. These tools allow for the reduction of 
uncertainty as compared to similar approaches generally applied in the same context. Their validity 
domain corresponds to catchment sizes below 50 km² and to channel slopes between 3 to 40%. 
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Tab. 1 Multivariate statistical models proposed for predicting torrent sediment yields; V100 : 100 yr RI sediment 
yield (m3); V10 : 10 yr RI sediment yield (m3); Vmax : maximum debris-flow volume (m3); SA : surface of active 
erosion terrains connected to the stream network (km²); I : channel slope of the reach that regulates the sediment 
transport regime at the point of interest; DZ : total relief of the catchment (m); r : ratio between calculated and 
observed volumes. 

Percentage of ratio r included in 
the interval No. Equations 

Sediment 
transport 
process 

Number of 
catchment

s [0.67-1.5] [0.5-2] 

1 V10 = 24000.SA
0,82.I0,50 33 42 76 

2 V100 = 112700.SA
0,93.I0,75 

Debris-flow and 
bedload 33 55 82 

3 V10 = 0,457. SA
0,65.DZ

1,40 28 75 89 

4 V100 = 0,40.SA
0,60.DZ

1,55 28 68 89 

5 Vmax = 0,013. SA
0,47. DZ

2,11 

Debris-flow 

16 31 75 

 

IMPLEMENTATION OF THE ECSTREM METHOD 

The use of the predictive equations proposed in the ECSTREM method necessitates the determination 
of several parameters. The total relief of the catchment (Dz) is very easy to obtain with topographic 
maps. The other parameters are more difficult to determine and a certain level of expertise is required. 
The surface of active erosion terrains connected to the stream network (SA) needs to be derived from a 
GIS procedure using orthophoto imagery. The increasing availability of high-resolution remote 
sensing products facilitate the access of these data which are now commonly used by public 
institutions and engineering consultants. Active erosion terrains can be manually digitized on 
orthophotos and the degree of connection to the stream network has to be assessed by overlaying 
erosion layers on topographic maps. The procedure could be facilitated if a high-resolution DEM (< 
25m) is available by overlaying contour-levels on imagery. A field inspection of the catchment may 
also be helpful for the characterization of hillslope-channel coupling. 
The method also requires recognition of the dominant sediment transport process at the site of interest. 
To determine if the sediment yield is mainly produced by debris-flow or bedload transport, it is useful 
to consult historical information available about past events. A detailed investigation of the long 
profile may also be relevant to evaluate the possibility for a debris-flow to initiate and propagate along 
the stream network. A field inspection of the channel is also required to detect the presence of typical 
debris-flow morphological signatures (lobes, levees, cross-section morphology, and stratification of 
channel deposits). 
Finally, the inspection of aerial photographs and the analysis of the long profile are required to 
identify the last reach upstream of the point of interest where sediment transport interacts with alluvial 
forms to produce  an equilibrium slope adjusted to the sediment supply and transport capacity of the 
torrent. Once this reach has been identified, its overall slope has to be measured. 
After this diagnostic phase, several statistical models can be used to predict event-based or time-
integrated sediment yields. The level of uncertainty can be characterized by using confidence intervals 
provided with equations. To obtain a first and rapid order of magnitude of the sediment yield, 
graphical charts are also proposed. 
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