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INTRODUCTION
Numerical avalanche dynamics models are widely 
used in the current engineering practice of hazard 
mitigation. So far, they are only applied for extreme 
avalanches and long-term strategic purposes such 
as hazard mapping and mitigation measure plan-
ning. Due to recent developments such as the 
integration of snowpack conditions (e.g. snow 
temperature), numerical models may also be 
applied in the planning of more short-term mitiga-
tion measures, as, for example, estimating ava-
lanche run-out in a given snow cover scenario. This 
could improve the planning of road closures or ski 
resort safety.
One condition to successfully apply avalanche 
dynamics models for varying snow cover scenarios 
is a very precise estimation of the input parameters 
such as release area extent and location. Small-
scale terrain features such as boulders or trenches 

generally play an important role as delimitating 
borders of potential release areas - especially for 
smaller, more frequent avalanches. However, 
during the winter season, snow accumulation and 
redistribution due to wind change the terrain 
surface, usually leading to a smoother and more 
even surface. This can affect potential release areas 
size as well as the flow path of an avalanche.

The aim of this study is hence to assess to which 
extent the integration of important morphological 
changes introduced by a snow-covered terrain 
surface can improve the modeling of snow cover-
avalanche scenarios. This includes on the one hand 
the evaluation of the effect of the snow distribution 
on potential release area estimation,  
on the other hand an assessment of the influence 
of a winter DTM on the avalanche path in ava-
lanche dynamics simulations.

Figure 1. Avalanche release area estimation from a snow free DTM (left) and a modeled winter DTM (right) in the Vallée de la Sionne, Switzerland. In blue the extent of 
the observed release areas.
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METHODS
To this end, by identifying key processes and 
parameters that shape the winter terrain, a simple 
GIS based procedure allowing adapting the summer 
DEM to a variable winter terrain depending on 
snow depth and main wind direction was devel-
oped. In addition, appropriate case studies from the 
current avalanche hazard mitigation practice were 
selected and analyzed. Considerable effort was put 
into the simulation of realistic snow cover-ava-
lanche scenarios of well-documented avalanche 
events with focus on the practical use of this 
approach in view of short-term hazard mitigation, 
such as road closures.

RESULTS AND CONCLUSIONS
We show that a DEM adapted to the actual snow 
distribution can improve the simulation of snow 
cover-avalanche scenarios, foremost through a 
more reliable estimation of potential release areas 
by eliminating or modifying terrain irregularity and 
by accounting for accumulation patterns due to 
wind (Fig. 1). A winter DEM thus ultimately 
improves the performance of semi-automatic 
potential release area algorithms. Such algorithms 
estimate potential release areas by combining 
terrain variables, such as slope with variables 
particularly related to snow cover influence on 
topography (e.g. roughness).

Second, using numerical avalanche dynamics 
models such as RAMMS, a winter DEM could in 
some cases improve the representation of the 
avalanche path, resulting in potentially more 
accurate avalanche dynamics calculations. How-
ever, uncertainties in the input variables such as 
snow temperature and snow cover entrainment, as 

well as previous avalanche deposits, generally 
outweigh the effect of the winter terrain in the 
simulations. Therefore, the integration of the 
winter terrain is mainly benficial for avalanche 
release zone definition, leading to improved simu-
lation results of snow cover-avalanche scenarios. 
Our results are one step towards a better manage-
ment of avalanches on roads and ski slopes where 
the connection of snow distribution and avalanche 
dynamics is of fundamental importance.


