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CONCEPTUAL MODEL 

Alluvial-fan sectors potentially affected by debris-flows and debris-flows magnitude are eva-
luated by combining two methodologies. The conceptual model proposed in this study cou-
ples the shallow-landslide susceptibility (hence the tendency to mobilize sediments) of the 
catchment slopes and the river-slope system efficiency in transferring sediments to the allu-
vial-fan. The amount of sediments produced by slopes is related to the percentages of catch-
ment slopes areas characterised by high shallow-landslide susceptibility. Debris-flows magni-
tude results from the combination of the volume of these potential debris sources and the ca-
pability of the river-slope system in transferring sediment downvalley. Shallow-landslide sus-
ceptibility at catchment scale is assessed by means of the method named Shallow Landslide 
Hazard Assessment (SLHA – Fontan et al., in prep), whereas the efficiency of the river-slope 
system in transferring sediment to the alluvial-fan is analysed by means of the Alluvial-Fan 
Hazard Evaluation approach (AFHE – Fontan et al., 2004). AFHE allows the assessment of 
the alluvial-fan sectors which are more likely to be affected by debris-flows. 

FACTORS WEIGHT CALCULATION: THE SYSTEM THEORY AND THE FULLY 
COUPLED MODEL 

Both AFHE and SLHA are based on the combination of weighted parameter maps. Each map 
represents a factor controlling the studied process (i.e. for shallow landslides occurrence – 
SLHA –, thematic maps are referred to aspects such as geology, geomorphology, geotechnical 
properties, water table, land cover etc…). The weight of each map is calculated following the 
Systems Theory and the fully coupled model (FCM) (Jiao and Hudson, 1995). A Binary In-
teraction Matrix (BIM) is generated to assess the direct influence of each factor influencing 
hazard level. Controlling factors are placed in the leading diagonal boxes of the matrix (from 
the top left corner to the bottom right corner). The relationships are uncoupled, meaning that 
each factor does not influence itself. Once all these binary relationships are defined, the influ-
ence of each factor on itself (“loop”) is assessed by means of the Jordan recursion algorithm 
and the resulting model is therefore converted to fully-coupled one. For shallow-landslide 
hazard levels, an example of “loop” is the influence of cohesion on itself: (1) soil cohesion 
controls roots growth; (2) vegetation influences the amount of water infiltrating from the sur-
face; (3) infiltration rate controls the water table; (4) - loop to point 1 - water pore pressure 
affects the bounds between soil grains. Once all these loops are defined, the Binary Interac-
tion Matrix is converted into a Global Interaction Matrix (GIM) which provides the final fac-
tors weights. Input data are maps representing factors exerting a control on hazard levels. 
Controlling factors are divided into different classes (land cover, soil thickness etc.). Each 
class is given values between 0 and 1 (0: low influence on hazard level; 1: high influence on 
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hazard level). Maps are converted into raster format and then alluvial-fan or shallow landslide 
hazard level is obtained as the weighted sum of these raster maps. 

DEBRIS-FLOWS HAZARD AND MAGNITUDE ASSESSMENT 

The assessment of debris-flows hazard and magnitude can be seen as a three steps analysis. 

First step: debris-flow magnitude assessment following heavy rainfall. This informa-
tion is a function of the distribution and extension of debris source areas, which is as-
sessed by means of SLHA method. The combination of the weighted parameters maps 
related to the factors influencing shallow landslides occurrence (geomorphology, geol-
ogy, water table, permeability, slope, and cover, etc.) provides a final map where shal-
low-landslide susceptibility is indicated by a number ranging between 0 (stable areas) 
and 1 (very unstable areas). Based on the surface and the thickness that can be mobi-
lized by shallow landslide (areas characterised by high shallow-landslide susceptibility 
levels) the total volume of debris that can be mobilised is calculated 
Second step: assessment of the tendency of catchment tendency to deliver sediments 
downvalley to the alluvial-fan. This goal is achieved by applying the AFHE method. 
This method provides a disequilibrium index based on the hill-slope sectors tendency 
to deliver sediments to the streams and the capability of these latter to transfer this ma-
terial to the alluvial-fan. The index is obtained from the combination of weighted the-
matic maps related to geomorphological, geological and environmental factors (land 
use, land cover, climate) influencing sediments production and transportation. The 
higher the disequilibrium index (which ranges between 0 and 1) the higher the catch-
ment tendency in producing and delivering sediments to the alluvial-fan. The combina-
tion of this results with the one of point 1 provides an indication about the potential 
volume of sediment that can reach the alluvial-fan 
Once this information in acquired, alluvial-fan sectors that are more likely to be af-
fected by debris flows are defined by means of AFHE method. Hazard levels are calcu-
lated as the weighted sums of geomorphological and environmental features repre-
sented in form of thematic maps. Hazard levels are expressed as numbers ranging be-
tween 0 and 1 (0 low hazard – 1 high hazard) 

The coupled methods were applied for mountain areas of the Western Italian Alps in order to 
assess debris-flows magnitude. Results are in agreement with other hazard assessment meth-
odologies. The proposed procedures are effective both at regional and at local scale, allowing 
simple and rapid first hazard assessment. 
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