
OPTIMISING FRICTION PARAMETERS FOR AVALANCHE SIMULATIONS IN 
INNERALPINE HIGH MOUNTAIN VALLEYSC55

ABSTRACT
Within this work we used 17 documented avalanche events in inneralpine high mountain valleys to optimize friction parameters through 

automated variations. This was performed, categorizing the events with respect to runout lengths or pressure values. All examples were 

simulated using the standard setup of the dense flow avalanche module com1DFA of the avalanche simulation framework Avaframe. Com-

pared to the investigated events, simulations with standard parameters result in cases of both under- and overestimation of observed runout 

length and pressure values. However, it is possible to identify a suitable parameter set for each event. Beyond the standard parameter set 

which resembles catastrophic avalanche events, choosing a conservative parameter set provides an adequate depiction of the documented 

events in most simulations. Given uncertainties in the input data and methodology, a more extensive dataset would be beneficial for a better 

understanding of the avalanches in the dataset.

INTRODUCTION
In the Austrian and central European hazard mapping practice, one of many important pieces of information for experts looking to delineate 

hazard zones are the results of avalanche simulation tools. According to current Austrian regulations, experts consider avalanche impact 

pressures and especially the outlines of the areas affected by greater than one and greater than ten kilopascals when deciding to draw the 

borders of hazard zones (European Commission, 2009). The current state of the art simulation software used in Austria by federal agencies 

is SAMOSAT (Snow Avalanche Modelling and Simulation – Advanced Technology), which has been used since its launch in 2007 and has 

undergone several changes to the underlying theory, numerics and parameters (Sampl, 2007). In the case of avalanches in higher elevations, 

with a runout area typically located above 1,800 meters above sea level and located in the inneralpine regions like Gurgler, Paznaun or 

Stubai Valley in Tyrol or mountain ranges like the Rätikon, avalanche engineers have found, that in certain cases using the standard setup 

of SAMOS, described in Granig &Oberndorfer (2008), can lead to an underestimation of runout lengths in operational applications. The 

suggested workaround for this problem currently is to use a different, more conservative friction parameter set up, optimized for the next 

category of avalanche size and/or return period as well as to use different release scenarios. To better understand the characteristics of this 

specific avalanche type and to obtain satisfactory runout length and pressure values for the documented events, this work focuses on the 

analysis of documented avalanche events in the investigated areas. Similarities and differences in the existing data sets are searched for and 

the friction parameters are optimized for each example.

METHODS
As a basis for the topography of each avalanche, a digital terrain model with a resolution of five-by-five meters was used. When deter-

mining potential release areas, the main criteria are slopes with an inclination of 28 to 55°. To simulate avalanche impact pressures and 

corresponding runout lengths we utilized the computational module AvaFrame:com1DFA (Tonnel et al., 2023) defining one distinct release 

area for each simulation scenario, neglecting options like snow entrainment areas, resistance areas, and secondary release areas. Release 

areas were defined by analysing historical data, including photos, fracture lines, oral descriptions, and existing technical reports. The release 

thickness for each release area, d0, was calculated in accordance with the Swiss guidelines found in Salm et. al. (1990). In Switzerland, the 

snow depth increase in three days is used to determine the release thickness, in contrast to the Austrian approach which uses the three-day 

snowfall sum. In this work the Austrian approach was used. For calculating the 150-year three-day snowfall sum, 3TNSS, the extreme value 

statistics tool EVA+ of Geosphere Austria was used, with the input data of the nearest weather station to the documented event (Schellander 

et al., 2009). Starting from the 3TNSS of each weather station, factors such as the assumed wind drift, the elevation difference between the 

release area and the weather station, and the mean inclination of the release area are all considered and lead to the final input variable for 

the simulations. According to the international classification of avalanches, most of the 17 examples would be classified as slab avalanches, 

surface-layer avalanches and dry-snow avalanches in terms of their zone of origin (International Commission of Snow and Ice, 1981). The 

path of the examples would be classified as unconfined, while their form of movement can be characterised as dense to mixed flow. The 

characteristics of the zone of deposition vary between the examples. They were categorized with respect to runout lengths (group runout), 

or pressure values related to observed damages along the specific avalanche path (group damage), based on where the documented event 

lies in respect to the avalanche path. For both groups an event point was defined, depicting the location of the documented runout length 

or damage. As the actual impact pressures of the avalanches were not measured, all pressure values for the documented events are based 
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on expert estimates (Schroll, 2015). These estimates rely on existing literature for specific damage patterns and materials. In two cases a 

back-calculation of other avalanche engineers was used for assigning documented pressure values. Schroll (2015) describes, that impact 

pressures are usually used to characterise the destructive potential of an avalanche. As impact pressures are not always measured, either 

avalanche pressures or damage pressures are used instead. Avalanche pressures depend directly on the time dependent parameters of the 

avalanche, while damage pressures are back calculated pressure values based on damaged or intact objects. The pressure values assigned 

based on expert opinion for the documented events represent minimum values for the ultimate failure load. This means that the impact 

pressures that occurred at the observed damages of the examples in the dataset are greater than or equal to the assigned values. All the 

simulations were performed with the simulation toolbox AvaFrame (release version 1.6), the open avalanche framework, using com1DFA, a 

module which is a python and cython implementation of the DFA C++ implementation samosAT (Snow Avalanche Modelling and Simula-

tion- Advanced Technologies). The spatio-temporal evolution of flow thickness and flow velocity are the results of the thickness integrated 

model equations in com1DFA. Pressure values are calculated using the flow velocities and a constant, velocity independent value of snow 

density. For the purposes of this analysis, only the peak values of the different flow variables were considered. The friction relation used, 

samosAT (not to be confused with the computational module with the same name) expresses the basal shear stress tensor τ^((b) ) as:

Equation 1: Basal shear stress tensor τ^((b) ) in the friction relation samosAT

The values of the different friction parameters in the standard version of samosAT have been calibrated using 22 extreme avalanche exam-

ples with a 150-year return period optimizing runout lengths (Granig & Oberndorfer, 2008). In certain cases of avalanche runouts occurring 

in inneralpine high mountain valleys, these standard friction parameter values do not lead to satisfactory values for the back-calculations for 

particular  documented events, as both under- and over-estimation of the 17 documented events were observed in the simulations. There-

fore, previous works were analysed to find out which parameters of the friction relation could be varied to obtain a better fit. For group 

runout a variation of the coulomb friction parameter µ, equivalent to tanδ in the equation above, and for group damage a variation of the 

Karman constant κ, a turbulent friction parameter, was considered, where µ is known to be runout sensitive- and κ to be  a velocity sensitive 

parameter in the friction relation samosAT (Fischer, 2013). Additionally, it has been shown that µ and runout lengths, as well as between κ and pressure values have an inverse relationship. This implies that lower values of these parameters result in longer runout lengths and 

higher pressure values. The AvaFrame module ana3AIMEC, allows a standardised comparison of runout lengths between different simu-

lations, by transforming the simulation results from a real coordinate system (x, y) into an avalanche thalweg following coordinate system 

(s, l). The different simulation results, two-dimensional fields of the two flow variables and the resulting impact pressures, are all projected 

along the same polyline, called thalweg, which was manually defined following the main flow direction for each avalanche example in the 

dataset (Fischer, 2013).The runout length of a simulation is defined as the horizontally projected length on the thalweg from the first and 

the last point of the thalweg with a peak pressure higher than 1 kPa, defining the beginning of the avalanche and the runout point, where 

the peak pressure reaches values lower than 1 kPa. The following figure shows the resulting runout points while varying µ for an example 

in the dataset:

Figure 1: Peak pressure plot for the reference simulation (µ= 0.155; for large avalanches) with runout points of all performed simulations on the left, and peak pressure distribution along 

the thalweg on the right-hand side
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All inputs and outputs of the ana3AIMEC module containing float or integer variables and the most relevant event data were used to find sig-

nificant correlations between the different variables, using Spearman’s rank correlation coefficient. Looking only at values of variables with 

significant correlations, those with coefficients ≥0.6, k-means clustering was used for partitioning all the data points into non-overlapping 

subgroups. For the simulations to be depicting the real events in an operationally reasonable way in the context of avalanches occurring in 

inneralpine high mountain valleys, the following intervals were defined:

Runout length [m]:			  [+100; -30]

(Impact) Pressure [kPa]:		  [+30; -15]

To compare the documented values of the 17 avalanche examples with the simulated ones resulting from the performed parameter vari-

ations, an objective measure of how well the specific simulation depicts the documented event is identified. The best fit simulation in the 

context of this work is then defined as the simulation, which has the lowest mean squared error between the simulated and the documented 

value of the variable trying to be optimized.

RESULTS AND DISCUSSION
A good distinction concerning avalanche size was found in the dataset, with one cluster only including small and medium avalanches, and 

the other two only including large ones, following the size definition for avalanches by Gruber et. al. (1999). One cluster of those two only 

contains exceptionally large avalanches with release volumes above 150,000 m³. According to the avalanche size classification used by the 

EAWS, the working group of the European Avalanche Warning Services, the examples in the cluster only including small and medium ava-

lanches, would be classified as size three or four, the ones in the other two as size four or five, with the exceptionally large ones all being 

classified as size five (EAWS, n.d). This confirms the fact that most of the differences made when approaching the simulation of avalanches 

are due to their volume. In general, the standard approach commonly used in operational avalanche simulations in Austrian federal agen-

cies, results in a good enough depiction of real events in the simulations, looking at the defined intervals of deviation. Half of the examples 

in group runout are being depicted in a satisfactory way and choosing a conservative parameter set provides an adequate depiction of 

the documented events in most simulations. In group damage four out of eleven examples are not being depicted in a satisfactory way, 

with underestimation of the estimated pressures, especially in several cases, where the simulation using standard values does not reach 

the documented event. Higher and lower best fit values than the standard ones used in practical applications are observed, for both varied 

parameters, as seen in the next two figures with the numbers of the examples in the dataset on the horizontal axis:

Figure 2: Best fit κ values for group damage, optimizing pressure values, green points represent avalanches of large size while red ones stand for medium avalanches, dashed red line 

represents the standard 𝜅 value of 0.43

Utilizing κ values between 0.15 and 1.05 allows to reproduce the expert estimates of the impact pressures at the documented avalanche 

events. 
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Figure 3: Best fit µ values for group runout, optimizing runout lengths and alpha angles, green points represent avalanches of large size, red ones represent medium avalanches and blue 

ones stand for small avalanches, different coloured dashed horizontal lines represent current standard values for different avalanche sizes, for medium and small avalanches, these values 

are only applicable with runout elevations below 1,500 m.a.s.l

To obtain the observed runout lengths for group runout, µ values between 0.09 and 0.26 yield satisfactory results. 

As with all avalanche simulations, the analysis performed comes with some level of uncertainties due to the dataset and methods used. For 

this work we used one computational module with one particular friction relation for all the simulations, while neglecting the consideration 

of snow entrainment areas, resistance areas, and secondary release areas. Furthermore, one release area and one value of release thickness 

were defined for each simulation scenario. Even though common guidelines were followed while delineating the release areas, this is still 

associated with considerable uncertainties, especially concerning the lower limits of the release areas, and depends very much on the ava-

lanche engineer and his/her prior experience. Furthermore, although in some examples of the dataset mixed types of movement combining 

different flow regimes can be observed, only com1DFA simulations were performed for all examples, resembling dense and mixed flow 

avalanches. All the uncertainties in the input data and all the simplifications and neglections made while performing the simulations might 

explain the observed deviations from the documented avalanche events and the scattering of the best fit values.

CONCLUSIONS
Considering the investigated events, the standard, operational parameters of the friction relation samosAT used within AvaFrame’s com-

putational module com1DFA lead to cases of both underestimation and overestimation for all examples in the dataset. Although it is pos-

sible to identify a suitable parameter set for each event, no general set of parameters was found, that provided best fit simulations for the 

investigated avalanche events at the same time. In the context of avalanches occurring in inneralpine high mountain valleys, lower values 

of both parameters, in the case of µ down to 0.09 and for κ down to 0.15, could be tested in the future to apply a more conservative ap-

proach. Further analysis could be conducted considering the mixed types of movement combining different flow regimes. The different 

analysis shows that the standard parameter set commonly used in current operational avalanche simulations in Austria in general results in 

an adequate depiction of the documented events of the dataset of this analysis in the performed simulations. Due to the uncertainties in the 

input data, and the numerous simplifications made along the way, probably only a bigger set of documented avalanche examples and even 

more optimization in terms of different parameterizations, friction relations or computational approaches will lead to more insights into the 

complex nature of avalanche runouts occurring in inneralpine high mountain valleys.

Please contact the main author for more information on data availability.
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