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Context 
Slab avalanches result from the failure of a weak snow 

layer underlying a cohesive snow slab 



Context 
Complexity of avalanche forecasting due to a multi-scale 

spatial variability 



Importance of spatial variability for avalanche formation (Schweizer et al., 2008) 

Context 

Spatial variability of weak layer 

properties    

Failure initiation 

 

Stability 

Crack propagation 

 

Avalanche size 

strongly influences 

Avalanche formation processes 

control 



Objective  

Spatial variability                                  slope stability ? 
Method 

Mechanically-based statistical model of slab avalanche release 

Gaume et al. (2012, 2013a) 

Objective and method 

This model takes into 

account, in particular: 

(1) the spatial variations of 

WL mechanical 

properties (shear 

strength); 

(2) a shear quasi-brittle 

constitutive law for the 

WL; 

(3) stress redistribution 

effects by elasticity of 

the slab. 



Spatial variability of the weak-layer cohesion:  

Gaussian distribution with a spherical covariance function 

Objective and method 



Illustration 
Illustration: slope stability evaluation 



Illustration 
Illustration: slope stability evaluation 

tg=rghsinq (shear stress due to the slab) 

<tp> (average shear strength) 

Failure initiation 



Results 
Avalanche probability evaluation 
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Avalanche release occurs if the slab depth h  is higher than the 

critical depth hc coming from the mechanical stability criterion: 
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Results 
Slope stability evaluation 
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Conclusions 

• Mechanical-statistical model of the slab-weak layer system 

→ the spatial variations of WL mechanical properties (shear strength);  

→ a shear quasi-brittle constitutive law for the WL; 

→ stress redistribution effects by elasticity of the slab; 

Failure initiation / snow stability 

 

Very important “knock-down” effect 

on slope stability highlighted 

… to study the influence of weak layer 

shear strength spatial variability 

on 

• An original hazard/geophysically oriented application of 

the reliability framework 



Outlooks 

Terrain 

Complex  
 

interactions 

Meteorological 

conditions 

Spatial variability 

• Evaluation of the complex link between spatial variability, 

terrain and meteorological conditions 

• Coupling with extreme snowfall for the regional assessment of 

avalanche release depths (Gaume et al., 2013b) 



Thanks for your attention! 
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