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INTRODUCTION
Avalanche forecasting has traditionally been de-
fined from the perspective of a geophysical problem 
addressing mainly the state of stability of the snow 
cover. The main goal of a forecaster is to minimize 
uncertainty on snowpack stability by collecting as 
many information as possible on temporal and 
spatial patterns of the snow cover stability and 
prevailing weather conditions, which may change 
snowpack conditions. Estimates of snowpack 
stability can traditionally be derived in several ways 
with different informational content. Mainly three 
classes of information are used among avalanche 
forecasters: (1) snowpack stability information (e.g. 
avalanche occurrence or stability tests), (2) snow 
cover information (e.g. snow stratigraphy) and (3) 
snow and weather forecasts (e.g. precipitation). The 
first class provides the most direct evidence, but is 
usually not readily available due to cost, time and 
safety constraints. The other two classes may only 
provide indirect hints to certain snowpack stability 
conditions and need therefore more experience for 
correct interpretation, but are more available and 
easily to obtain.

METHODS
The aim of the presented work was therefore to 
create a tool providing easy to interpret and evident 
information on snowpack stability, which is avail-
able in any weather condition and in real-time. We 
therefore used the physically-based 1-D snow cover 
model SNOWPACK to simulate the snowpack for 
flat field conditions and at virtual slopes for the 
four different aspect classes north, east, south and 
west. As input we used meteorological parameters 
recorded at automatic weather stations. Highly 
sophisticated snowpack models have been devel-
oped from the late 1990ies, but until now, their use 
was not applicable for an operational avalanche 
warning service. For an easy and fast evaluation of 
the current snow stability situation, we developed 

graphs and indices for the four typical avalanche 
situations suggested by the Swiss avalanche warn-
ing service: New snow, drifting snow, wet snow and 
persistent weak layer (old snow). The graphs show 
modelled new snow amount in the course of 24h 
and 72 h (HN24 and HN72), a drift index (WDin-
dex) indicating the amount of snow available for 
snow accumulations, a liquid water content index 
(LWCindex) and a full snow profile including a 
stability test.

RESULTS
Figure 1 represents a (a) simulated profile and (b) 
manually observed snow profile at the location of 
the automatic weather station from which we used 
the meteorological parameters as input for the 
model. Knowing the international colour codes for 
grain types gives an immediate overview of the 

snow stratigraphy. Not only the overall structure of 
the manual profile is well represented by the 
simulation, but also distinct layers such as the 
melt-freeze crusts on top and within the lower 
third of the profile are well depicted within the 
simulated profile. More interestingly, the simulated 
profile provides a stability criterion (orange arrow) 
indicating that some centimetres below the top 

Figure 1. (a) Simulated snow stratigraphy, snow temperature and snowpack 
stability (orange arrow) for a station in the Austrian Alps. (b) Manually observed 
snow stratigraphy and temperature.
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melt-freeze crust snowpack within a layer of 
faceted snow crystals, stability is only fair. The 
observed snow profile lacks this information and 
thus the avalanche forecaster has already to inter-
pret the snow stratigraphy in order to derive a 
valuable snowpack stability estimate. Previous 
studies clearly showed that snow stratigraphy only 
is not enough to quantify snowpack stability. Only 
the combination of snow stratigraphy and a stabil-
ity test provide enough evidence to estimate snow 
cover stability correctly. Hence, the provided 
stability criterion within the simulated profile may 
help the avalanche forecaster during periods where 
persistent weak layers dominate the snowpack 
stability to improve the forecast.
The simulated profiles are calculated at the position 
of the automatic weather station and thus repre-
sent flat field profiles. From a technical point of 
view  SNOWPACK is able to extrapolate the calcu-
lations to slopes. Yet, as for manually observed 
snow profiles, it is challenging to extrapolate from 
the flat field to slopes due to the spatial variability 
of the snow cover and varying snow depths caused 
by wind transport. In general, it is therefore more 
feasible for the local avalanche commission to 
interpret local flat field observations and simula-
tions and then estimate the key observations for 
close-by slopes and possibly also on the regional 
scale.
    
A second valuable tool represents the LWCindex. 
The index calculates when the snowpack poten-
tially becomes fully wetted for the first time. The 
first full wetting cycle is closely related to high 
wet-snow avalanche activity. In the last years this 
index showed very good results for regional ava-
lanche forecasting. Several national avalanche-
warning services base their danger assessment for 

wet-snow avalanche activity on this index. Recent-
ly, the index showed even more potential as it 
could predict periods of low snowpack stability 
under wet conditions on a local scale. This informa-
tion can assist local authorities in defining the 
correct timing for the preventive release of wet 
avalanches (blasting).

CONCLUSIONS
Simulated information on the key snowpack 
parameters will essentially improve avalanche 
danger assessment both at a regional and local 
scale. With our presented approach, fast and 
reliable decisions for the four most prominent 
danger patterns are possible. We present results and 
experiences from avalanche commissions who 
operationally used the described tools in their daily 
work routine. In the future, the snow cover model 
will be coupled with high-resolution weather 
prediction models (e.g. INCA) and will provide not 
only a now cast but also a real forecast for ava-
lanche practitioners.
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