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SNOW AVALANCHE DYNAMICS SIMULATION AND HAZARD 
MAPPING USING FLO-2D 

Massimiliano Barbolini1, Fabrizio Savi2

OBJECTIVES
The present work is aimed to analyse the capability of the hydrodynamic bi-dimensional 
commercial code FLO-2D to be used for simulating dense snow avalanche motion, in 
particular its capability to: 

• describe the main dynamical features of avalanching snow, such as flow depth and 
flow velocity; 

• calculate avalanche runout distance and estimate avalanche debris distribution in the 
runout zone; 

• simulate avalanches with "multiple" release areas; 
• evaluate the effects of different kind of protective measures, such as snow nets/bridges 

or deflecting/catching dams, on the hazard levels in the endangered areas. 
Given the substantial lack of commercial tools specifically developed for 2D avalanche 
calculation, analysing the possibility of using a flexible hydraulic code such as FLO-2D also 
to deal with avalanche problems could have a non-negligible practical relevance and 
profitably support practitioners in their assessments. 

CONTENTS
An important part of the work has been dedicated to study and implement a procedure for the 
definition of avalanche starting condition according to the input format of the code FLO-2D. 
With this respect the potential avalanche release mass (given by release area, release depth 
and snow density) must be transformed in one (or more) hydrogram. Sensitivity analysis of 
the model results to the form and localisation of the hydrogram has been performed and a 
feasible solution to input avalanche starting condition into the code is proposed and described. 
A second question addressed is that of the rheology law to be used. FLO-2D uses a general 
form for flow resistance including many different terms that in principle allow to account for 
a wide range of physical processes (cohesion, friction, viscosity, turbulence, etc.). In order to 
apply the code to avalanche simulation we have tried to reduce the resistance form proposed 
by the code to a formula similar to the one widely adopted for snow avalanche, including a 
friction-like term and a velocity-squared dependent term. The friction term is therefore 
written as follows: 
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where h and V are the avalanche flow depth and velocity respectively, γm is the snow specific 
weight and n and τy are the two friction parameters (manning coefficient and yield stress, 
respectively). The number of unknown coefficients is thus reduced to only two, making it 
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easier the calibration of the model. The model has then been tested against some real world 
cases. Study cases with different topographical features have been considered, in order to 
evaluate the potential of the model to simulate avalanche dynamics in different topographical 
contexts. The potential of the model to analyse situation with multiple avalanche starting zone 
has been also tested, as well as its capability of treating the effect on the avalanche dynamics 
of defence structures, either retaining work in the release zone (which can reduce the release 
mass) or dams in the track or runout zone (which can deflect or stop the avalanche). 

RESULTS
The code FLO-2D, originally developed for the study of flooding from torrents and 
debris/mud flows, has shown a potential to be used for the simulation of dense snow 
avalanche dynamics as well for the evaluation of related protection project. First results are 
encouraging, with results (flow velocity and depths, debris distribution) in good agreement 
with observations, and highlight the potential of this model to support practitioners in a wide 
range of practical problems. However, an exhaustive calibration of model coefficients is not 
available so far, as a consequence, in practice a site specific calibration is required before 
using the model for mapping purposes or to evaluate the effects of protective measures. 

Fig. 1: Example of simulation of a real world avalanche with the code FLO-2D

Keywords: hazard mapping, flowing avalanche, numerical simulation, FLO-2D 

easier the calibration of the model. The model has then been tested against some real world 
cases. Study cases with different topographical features have been considered, in order to 
evaluate the potential of the model to simulate avalanche dynamics in different topographical 
contexts. The potential of the model to analyse situation with multiple avalanche starting zone 
has been also tested, as well as its capability of treating the effect on the avalanche dynamics 
of defence structures, either retaining work in the release zone (which can reduce the release 
mass) or dams in the track or runout zone (which can deflect or stop the avalanche). 

RESULTS
The code FLO-2D, originally developed for the study of flooding from torrents and 
debris/mud flows, has shown a potential to be used for the simulation of dense snow 
avalanche dynamics as well for the evaluation of related protection project. First results are 
encouraging, with results (flow velocity and depths, debris distribution) in good agreement 
with observations, and highlight the potential of this model to support practitioners in a wide 
range of practical problems. However, an exhaustive calibration of model coefficients is not 
available so far, as a consequence, in practice a site specific calibration is required before 
using the model for mapping purposes or to evaluate the effects of protective measures. 

Fig. 1: Example of simulation of a real world avalanche with the code FLO-2D

Keywords: hazard mapping, flowing avalanche, numerical simulation, FLO-2D 


