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INTRODUCTION
Shallow landslides can pose significant risks (Sidle 
and Ochiai, 2006) by directly impacting buildings 
and traffic ways. In addition, shallow landslides  
in the upper part of catchments can lead to high 
sediment yields downstream (e.g., Benda und 
Dunne, 1997). These landslides usually involve 
low-cohesion colluvial soils and are often transla-
tional, sliding along a plane parallel to the slope 
surface (Milledge et al. 2014). According to the 
definition of BBB (1997), the slide plane depth  
is max. 2 m. Forests can have a stabilizing effect on 
shallow landslides by altering slope material prop-
erties and the hillslope hydrology. Although the 
latter are still difficult to quantify, studies suggest 
that these effects are not significant for high quan-
tities of rainfall (e.g., Pollen et al., 2004); So far, 
root reinforcement may be considered the main 
local stabilizing effect of vegetation. The actual 
degree of stabilization depends very much on the 
spatial distribution of tree roots (cf. Schwarz et al., 
2012). The current practice of assessing shallow 
landslide hazards, however, rarely accounts for the 
stabilizing effect of forests, not the least because the 
quantification of the slope stabilizing effect of 
forests remains complicated without suitable tools. 
Therefore, we developed a tool called SlideForNET, 
which is presented here, as well as some real case 
applications.

SLIDEFORNET
SlideforNET (www.slidefor.net) is based on a 3D 
force balance that assumes an elliptical landslide 
shape (Rickli and Graf, 2009). The landslide mass is 
considered perfectly rigid, allowing all the lateral 
forces to act simultaneously. Additional weight due 
to vegetation is considered in the calculations. Root 
reinforcement is implemented by considering 1) 
the roots crossing the upper margin of the landslide 
(lateral root reinforcement along the potential 
tension crack) and 2) the roots crossing the basal 

shearing plane (basal root reinforcement). The 
latter is calculated using an exponentially decreas-
ing cumulative density function, approaching a 
basal root reinforcement of 0 kPa at a depth of 2m. 
Based on the input parameters stand density, tree 
diameter and species composition, the model 
calculates the minimum lateral root reinforcement 
assuming a mean tree distance based on a regular 
grid-type tree distribution. Recent data of root 
distribution of the main alpine tree species (P. abies, 
A. alba, and F. sylvatica) allow the attribution of a 
root reinforcement value (5, 10, or 15 kN/m; cf. 
Schwarz et al., 2013). Stiffening of the unstable soil 
mantle is not considered.
A gamma probability function is used to describe 
the frequency-magnitude distribution of potential 
shallow landslide volumes following Malamud et 
al. (2004). The resulting number of unstable 
landslides is not related to a specified event magni-
tude or return period, it rather represents the 
partial probability that landslides with a certain 
area may occur under fully saturated conditions 
(pore water pressure = soil depth*9.81). In total, 
10‘000 potential shallow landslide calculations 
using combinations of the randomly generated 
values are carried out. One of the main outputs is 
the „degree of protection“, which is the reduction 
of the total number of landslides due to the pres-
ence of forest expressed in percentage.

REAL CASE APPLICATIONS
SlideforNET was applied at three forested sites in 
the Swiss pre-alps where shallow landslides did 
occur (see Schwarz et al., 2013). Table 1 compares 
the site conditions with the „optimal“ NaiS target 
profile (cf. Frehner et al., 2005) and presents the 
landslide probabilities calculated by SlideforNET. 
According to the results, the protective effect at the 
Spisibach site is currently absent, but with an 
optimal species composition the landslide probabil-
ity would decrease by 31%. This accounts for all 
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three sites (Schangnau 38%; Gantrisch 27%).  
The results show lateral root reinforcement is 
especially effective for landslides with release  
areas up to 500 m2.
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Table 1: Input and output data of SlideforNET for the three sites (Sp=Spruce; Fi=Fir; Be=Beech) 
Site slope 

angle 

[°] 

Soil 

depth 

[m] 

Eff. friction 

angle [°]  / Eff. 

soil cohesion 

[kPa]  

Species 

present [%] 

Species 

optimal* 

[%] 

Mean  

DBH [cm] / 

Stand dens. 

[N/ha] 

Landslide 

probability 

without 

forest [%] 

Landslide 

probability 

present 

forest [%] 

Landslide 

probability 

optimal* 

forest [%] 

Schangnau 25 1.5 25 / 0.5 Sp:80/Fi:20 Fi:40/Be:60 39 / 350 45 33 16 

Spisibach 35 2 29 / 0.5 Sp:40/Fi:50/

Be:10 

Fi:40/ 

Be:60 

40 / 250 68 68 47 

Gantrisch 20 1 27 / 1 Sp:80/Fi:20 Sp:30/ 

Fi:70 

41 / 300 11 3 0 

* Species composition according to the “optimal” target profile of the NaiS guidelines. 
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