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SOIL SLIP TRIGGERING MODEL FOR ALPINE CATCHMENTS 
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OBJECTIVE
In the frame of the INTERREG IIIB NAB Project, in order to forecast soil slips triggering as 
a consequence of saturation build-up during heavy rainfall events, a GIS system was 
developed.

METHODOLOGICAL APPROACH 
A “not strictly statistical model”, using topography, climatic data and documented events, was 
built, so as to be able to use the geo-morphological available data to improve the previsions 
on spatial distribution, importance and triggering moment for soil slips. 

RESOULTS/OUTPUTS
A distributed computer code, capable of operating at the watershed scale using input data in 
ASCII raster format, was implemented. This model is made up of an hydrologic part, which 
simulate rainfall-runoff formation and the time evolution of soil saturation. The water content 
within each cell in which the basin is subdivided is used as a basis for computing the safety 
factor of the stability of each cell as a function of time during the event. 

HYDROLOGICAL MODEL
The rainfall is transformed into soil hydrological saturation 

Fig. 1: The slope is subdivided in cells, which are considered as reservoirs communicating in cascade. 

The mathematical model analyses the triggering of soil slips under 3 aspects:  
• water infiltration from high to low 
• filtration in the slope with flow lines parallel to slope
• saturation equilibrium analysis in subsequent instants 

The model calculates the water movements in the soil during and after the rainfall event. 
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SLOPE STABILITY MODEL  
• Analysis of the soil elementary cell 
• The soil saturation destabilizes the slope because increase the weight and decreases 

coesion.

The stability analysis is made on each soil elementary unit (coinciding with the DEM unit). 
The model has been devised in a general way and it can operate for any catchment where the 
necessary information is available. In particular, the model requires a Digital Terrain Model 
formatted according to the standards defined by Regione Lombardia. The input data are: 
starting point dry soil, porosity, suction (cm), saturated permeability (cm/h), soil depth (m). 
In order to create an hazard map of Lombardy Alpine area, Regione Lombardia used the 
output of “Catchrisk” project: the Stream and Catchment Informative System (SIBCA). This 
Informative System makes  the semi-automatic calculus of peak flow and the magnitudo in a 
small catchment. Using this model it will be possible to enrich the data, actually available on 
the Regione Lombardia web site, about hazard zoning in the 2932 catchments in Lombardy. 
The results reached have remarkable importance for land use and for environmental 
emergency management.  It will contribute to strengthen the necessity that the proposals of 
hazard zoning in the Alpine areas, formulated by technicians and by local administrators, 
have to be supported by specialised territorial databases and by appropriate models. 

Fig.2: Alpine Area Hazard Map 

ADDED VALUE 
The developed model will contribute to build a more comprehensive vision of the hydro-
geological problems - including the way to tackle them too - in order to support decision 
making (experts and administrators). 
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