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ABSTRACT: Information on snowpack instability is crucial for assessing avalanche risk in 
backcountry operations as well as for operational forecasting of the regional avalanche 
danger. Since slab avalanche release requires both fracture initiation and fracture 
propagation in a weak snowpack layer, field observations should ideally provide reliable 
information on the probability or propensity of both fracture processes. Even simple field 
observations that do not require digging a snow pit can provide useful information. Traditional 
snowpack tests include the shovel shear test, the shear frame test, the compression test 
(CT) and the rutschblock test (RB). The interpretation of the test results for the CT and RB 
has been improved by considering the appearance or type of the fracture – in addition to the 
score. More recently, two tests have been developed that explicitly focus on fracture 
propagation rather than initiation: the extended column test (ECT) and the propagation saw 
test (PST). We compare the sensitivity, specificity and unweighted average accuracy of 
various stability tests. The unweighted average accuracy was for most tests 70-90% 
depending on the diversity of the dataset. In other words, in at least about 10% of the cases 
the tests did not provide reliable results. Tests such as the RB, ECT and PST, which fracture 
an area large enough to include fracture propagation, are generally more accurate than tests 
which fracture smaller areas.  

INTRODUCTION 

Snow stability data are – as avalanche occurrence data – most closely related to 
avalanche release probability which is the key parameter to be forecasted by any avalanche 
forecasting service or backcountry operation. In the context of avalanche forecasting, 
observations that provide information on snow stability have been termed low entropy data 
by LaChapelle (1980) or Class I data by McClung and Schaerer (2006). 

Snow avalanches are – unlike most other mass movements – to a certain degree 
predictable (Schweizer, 2008), and even more important, direct observations of snow 
stratigraphy and stability can be made at all. No simple in-situ tests exist to assess, for 
example, the landslide risk. In that respect, snow stability tests are unique. Subsequently, we 
will call any test that is made in-situ and that provides information on snowpack instability 
simply a snow stability test.  

These tests are primarily indicators of whether triggering by localized dynamic 
loading, e.g. people or explosives, is likely. This is appropriate because most fatalities are 
caused by human triggering (e.g. Schweizer and Lütschg, 2001). 
 Besides simple field observations on avalanche occurrence, shooting cracks and 
whumpfs, i.e. sound of collapsing weak layers, that all indicate instability (e.g. Jamieson and 
others, 2009), a variety of in-situ tests have been developed over the last five decades. All 
these tests aim at answering the question whether the sloping snowpack is stable or not. 
None of them provides the definitive answer. The reasons for the insufficiency of the tests 
are mainly the inherent limitations of the test (and its loading method) to replicate the 
avalanche release process, the spatially variable nature of the mountain snowpack (e.g. 
Schweizer and others, 2008b) and the complexity of the avalanche release process. The 
question arises whether the tests are useful at all. 
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 With the compression test a much smaller area (30 cm × 30 cm) is loaded by tapping 
onto the isolated column. The CT score was shown to be related to the probability of skier-
triggered avalanches on adjacent slopes (Jamieson, 1999) and the CT score can be related 
to the RB score. By introducing the fracture character (van Herwijnen and Jamieson, 2007) 
the interpretation of the CT was much improved and weak layer/slab properties associated 
with sudden fractures (equivalent to Q1 shear quality as introduced by Johnson and 
Birkeland (1998)) suggest that the fracture character is related to fracture propagation 
propensity. 

A number of other small column tests have been developed that all aim at replacing 
the subjective tapping onto the isolated column by a more quantitative loading procedure. 
Among those are the rammrutsch (or drop hammer test) (Schweizer and others, 1995; 
Stewart and Jamieson, 2002), the stuffblock test (Birkeland and Johnson, 1999), and the 
quantified loaded column test (Landry and others, 2001). Since  these are variations of the 
compression test and most have limited validation data, we do not include them in our 
analysis. 

 

 
 
Fig. 2: Compression test (photo: C. Fierz/SLF). 

 

 
 
Fig. 3: Extended column test (photo: C. Mitterert/SLF). 
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 The recently developed extended column test (ECT) was introduced as a test that 
should provide information on fracture initiation and propagation (Simenhois and Birkeland, 

2006). The ECT involves isolating a column of 30 cm × 90 cm (with the longer side cross-
slope) and loading it in one corner the same way as with the CT. It is noted primarily whether 
a fracture crosses the entire column. Simenhois and Birkeland (2009) showed that the ECT 
is highly indicative of snowpack instability on nearby slopes. 
 

 The propagation saw test (PST) was inspired by traditional beam-type tests. It is a 
fracture mechanical test, in which the resistance of a material to fracture in the presence of a 
crack is tested. In a fracture mechanical test, either the sample is loaded until failure for a 
given crack length, or the crack length is continuously increased (under constant load) until 
failure occurs. Sigrist and Schweizer (2007) and Gauthier and Jamieson (2006) were the first 

to report on a suitable design for a field test. A snow column (30 cm × ∼100 cm) is isolated 
with the longer side up-slope. The length should be at least 100 cm or the slab thickness 
whichever is longer. After the weak layer is identified by a separate test such as the CT or 
profile, a cut is made along the weak layer with a snow saw until the crack length becomes 
critical and self propagation of the crack starts. It is noted whether the crack propagates to 
the end of the column and if not the propagation length is recorded. As the free surface 
attracts a crack, McClung (personal communication, 2009) suggested not isolating the 
column at its up-slope end. Gauthier and Jamieson (2008a) validated the PST and showed 
that at sites where weak layer fracture initiation was confirmed on adjacent slopes, PST 
results were clearly related to observations of fracture propagation.  
 

TEST INDICATION 

 In the following, we rate the above described observations of snowpack instability in 
regard to the three principal requirements outlined above: (a) Slab/weak layer stratigraphy, 
(b) failure initiation, (c) fracture propagation. 
 Table 1 compiles the ratings for the simple observations that do not involve digging. 
Whereas whumpfs, shooting cracks and recent avalanching all indicate that the three 
requirements are fulfilled, the ski pole test might at best show the existence of a (thick) weak 
layer, for example, when a cohesionless layer (often consisting of depth hoar) is found below 

 
 
 
Fig. 4:  Propagation saw test (photo: J. Schweizer/SLF). 




