
elevations of the runout zone. These critical values should 
be considered as a first guess and always be adapted to the 
actual situation. Finally, we discuss whether the calculated 
avalanche scenarios really help local avalanche services 
whether or not to close a road – and whether a fully auto-
mated procedure by coupling snow cover simulations and 
avalanche dynamics calculations makes sense.
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PROTECTIVE DAMS INTO SNOW AVALANCHES 
SIMULATIONS BY RAMMS IN THE KHIBINI  
MOUNTAINS, RUSSIA

Alla Turchaninova1, Yury Seliverstov1, Anton Komarov1,  
Sergey Sokratov1, Ekaterina Loginova1

1Lomonosov Moscow State University, Faculty of Geography, 
Moscow, Russian Federation

Snow avalanches are among the most significant natural 
hazards in the Khibini Mountains (despite the altitude to 
be less than 1200 m a.s.l.) located inside the Arctic circle 
in the Northwest of Russia. Well-documented avalanche 
events recorded in the town of Kirovsk were used to test 
the capabilities of avalanche dynamics program RAMMS to 
back-calculate snow avalanches in the Khibini Mountains. 
RAMMS is initially calibrated for the large-scale avalanch-
es in Switzerland. However, it produced realistic results 
for more than 70 avalanches in the Khibini Mountains 
after modification of the friction values for these different 
environmental conditions. High level of correspondence of 
observed and simulated events was found for avalanches 
with medium and large volumes. At this study the back-cal-
culations of avalanches in the original avalanche tracks 
using the 5-m resolution “historical” DEM (Mt. Ukspor) and 
in the same tracks after construction of two catching dams 
were performed. RAMMS was applied to back-calculate two 
artificially triggered (released together) and well-docu-
mented powder avalanches (18th February 2016) from the 
Mt. Ukspor that have unexpectedly overshoot the two lying 
perpendicular catching dams and resulted in 3 victims. We 
performed the simulations with the 5-m DEM (terrestrial 
laser scanning, summer 2015) which incorporated the 
dams, designed to protect the railway line, the road and the 
inhabited 5-floor houses situated behind them. As input we 
specified the observed release zones as well as the observed 
fracture heights. The fracture heights of two released ava-
lanches were 0.8 m and 0,5 m corresponded to the release 
volumes of 167,000 m3 and 40,000 m3. The avalanches 
return period was assumed to be 100 years based on the 
complete historical avalanche data since the end of 1930th. 
While it is not recommended to apply RAMMS for simulat-
ing the effect of a dam lying perpendicular to the avalanche 
flow direction (RAMMS User Manual, 2017), in this case the 
RAMMS reproduced the observed avalanches behavior and 

runout distance. No information is available concerning the 
flow velocity. However, the obtained values agree in general 
to the values measured in these avalanche tracks before. 
Moreover, we assessed the avalanche risk in the area taking 
the presence of the catching dams into the account, discuss 
the technical procedure and the obtained results. Full social 
risk values were calculated separately for three different 
zones depending on the type of land use and character-
ized by different density of people as well as the duration 
a person stays in an avalanche-prone zone during the day. 
The estimated full social risk value equaled 4.4 people per 
year for the analyzed area. The obtained avalanche risk 
assessment results clearly demonstrate the necessity of the 
avalanche mitigation system reconstruction to prevent the 
loss of human lives in future.
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Dynamic models are an important aspect of a snow ava-
lanche hazard assessment for planning purposes. Models 
are often used to predict the impact area and velocities of 
snow avalanches. In this research, we analyzed the ability 
of a three-dimensional model, Dan3D, to back-analyse 
avalanche case studies. Dan3D is a depth-averaged model 
that calculates flow-like motion over three dimensional 
topography and was originally developed for extremely 
rapid, flow-like landslides. Fifteen snow avalanche case 
studies were analyzed, often obtained from highway oper-
ations (i.e., British Columbia Ministry of Transportation and 
Infrastructure, Parks Canada, and Alberta Parks). Most of 
the cases were from western Canada (i.e., British Colum-
bia and Alberta) but other locations included the state 
of Washington and Norway. Each avalanche case study 
had an extreme runout, with an average return period of 
approximately 100 years, i.e., between 30- and 300-year 
return periods. For each case study, the Voellmy rheology 
was used and the two parameters, including turbulence 
and friction coefficients, were calibrated to determine val-
ues that best simulated the observations, such as runout 
length, lateral extent, and deposit thickness. Turbulence 
coefficients varied from 1000 to 4000 m/s². Friction 
coefficients varied from 0.15 to 0.40. Dan3D is capable 
of entraining material from the path during flow. Models 
were run both with and without entrainment to assess 
variations in model parameters to best simulate the case 
studies. Most case studies could be modelled with reasona-
ble runout lengths, lateral extents, and debris thicknesses. 

Model parameters for avalanches within a certain snow-
pack type (i.e., maritime, transitional, continental) were 
often similar. Although avalanche flow velocities were not 
available for most case studies, they were within the range 
of those listed in other studies. Velocities were available for 
one case study, and modelled velocities were similar to those 
observed. The results suggest that Dan3D is a capable mod-
elling software package for performing dynamic modelling 
of snow avalanches.
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For a technical improvement of forecasting the snow 
situation and possible avalanches in single slopes the 
Zentralanstalt für Meteorologie und Geodynamik (ZAMG) 
worked together with die.wildbach, snow and avalanches 
(WLV). The goal was to create a model-chain to combine 
snow information for more effective and precise forecast-
ing of avalanches. To assess the avalanche potential in a 
single slope the snow height, the snow layering and the 
probability for an avalanche release should be known. The 
attempt to develop an operational avalanche forecast was 
to merge four existing models: ALARO (weather prediction 
model, which takes orthographical effects into account), 
SNOWGRID (snowpack model), M-CFD (3-dimensional, 
wind-induced snowdrift model) and SamosAT (avalanche 
simulation model). To concentrate the information of the 
separate models, serial interfaces between the models 
were developed. Due to this combination of models it 
is possible to include the forecasted weather data into 
SNOWGRID and further the snowdrift model to calculate 
the local snow height distribution in the starting zone of an 
avalanche. With this additional information of the starting 
zone SamosAT can simulate a more individual and situ-
ational avalanche in a single slope and defines the zones 
in immediate avalanche danger. Due to these simulations 
avalanche commissions can be supported in their decisions 
to evacuate infrastructure and settlements to minimize 
casualties due to the avalanches. 
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R.avaflow is an open source simulation tool developed for 
gravitational mass flows and for related complex process 
chains. Simulations can be performed using a classic single 
phase or a general two phase mixture flow model. The tool 
has been validated with several natural events. 
As a first step, focusing on snow avalanches, we have 
reproduced the 2009 Costa della Madonna snow avalanche 
event (north-east Italy) with the single phase model. The 
released volume was identified as 39,000 cubic meters for 
an observed travel distance of 1700 meters. With multiple 
simulations we were able to optimized the material param-
eters that successfully minimized the difference between 
simulated and observed runout distances.
Going beyond classic avalanche simulations, a complex 
process chain has been reconstructed, using the two phase 
model with entrainment applied in r.avaflow. The test 
case referred as “damalanche” took place in January 2014 
in Alaska, near the city of Valdez, and involved multiple 
avalanches, river flow and their interactions. The impacted 
river was completely dammed by a series of wet avalanches 
that entrained debris along their travel. A first simulation 
representing the steady state of the river was performed to 
define the initial conditions and successively three released 
areas (for a total volume of 1,400,000 m3), were dis-
charged in the final simulation. We were able to reconstruct 
the cascade of effects including the different processes 
and could reconstruct similar affected areas as observed. 
The resulting simulated snow dam is about 30 meters high 
and generated an upstream lake of 60 hectares. 
Challenges that appeared in the simulation of process 
chains involving snow, include density differences of the 
involved materials or the initial conditions. In total, the 
single and multiphase test cases were well represented by 
r.avaflow, underlining its applicability to real events.
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