


normal and shear stress on the weak layer 
resulting from the weight of the slab and the 
slope angle; and weak layer properties: crystal 
size, thickness, and hardness.  In addition, for 
the comparison we expanded the dataset to 
include test columns that were outside the 
recommended standard length (i.e. less than 
0.85 m and more than 1.15 m) to investigate the 
role of test column dimensions in controlling 
predictive success of the PST. 

3. RESULTS 

Table 1 summarizes the results of 
testing at the whumpf and avalanche sites for 
each season, individually and combined.  The 
predictive success of the PST is relatively 
consistent between the seasons, with 76% and 
71% of tests in 2007 and 2008, respectively, 
correctly predicting the fracture propagation that 
led to the whumpf or avalanche.  The rate of 
false stable predictions is therefore 24% and 
29% for the two seasons.  Combined, 73% of 
tests made correct predictions about the 
propagation propensity in this dataset, while 
27% of tests made false stable predictions.  In 
2007, only two sites had tests that made 
contradictory predictions, i.e. both a correct and 
a false stable; in 2008 there was only one such 

site.  This suggests that PST results are 
relatively consistent at a given site, whether or 
not the prediction is correct.   

As reported by Gauthier and Jamieson (2008b), 
false stable predictions of the PST were more 
often found in thinner, and less stiff (less 
bridging) slabs, with larger weak layer crystals.  
Those properties were significantly different (p < 
0.05) between the sites with correct and false 
stable PST results.  Slab density, hardness, and 
overburden stress at the weak layer were not 
significantly different between the groups, and 
nor were weak layer thickness or hardness.   

Using only the data from 2007,  when we 
compared the column lengths of tests with 
correct and false stable predictions, we found 
that false stable tests had significantly longer 
test columns (p < 0.01) than those making 
correct predictions.  In this dataset, most of the 
tests were close to either 1 m or 1.5 m long, 
suggesting that tests of the recommended 1 m 
length have fewer, although not zero, false 
stable predictions. 

4. DISCUSSION 

The comparison of test predictions 
presented here, and the more complete 

 Table 1.  Summary of results of testing at whumpf and avalanche sites in 2007 
and 2008, showing rates of correct and false stable predictions, as well as 
number of sites having conflicting predictions. 

 

 Season 2007 2008 2007+2008  

 Sites tested 17 16 33  

 Tests Performed by event type:     
 Sr 15 15 30  
 Sa/Sc 4 13 17  
 Whumpf 10 6 16  
 Na 0 4 4  
 Total 29 38 67  

 Tests that correctly predicted 
event 22 (76%) 27 (71%) 49 (73%)  

 Tests with false stable prediction 7 (24%) 11 (29%) 18 (27%)  
 Slopes with both 2 1 3  

 Avalanche event types: Sr, remotely triggered by skier; Sa/Sc, accidentally or 
intentionally triggered by skier; Na, natural or spontaneous trigger; whumpf, 
propagation on low angle terrain triggered intentionally or accidentally. 
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comparison presented by Gauthier and 
Jamieson (this volume) shows that the PST is 
relatively successful at predicting the weak layer 
fracture propagation associated with whumpfs or 
avalanches.  Birkeland and Simenhois (this 
volume) have found correct predictions by the 
PST in 65% of tests on unstable slopes, albeit 
with some identified limitations in the sample.  
The PST also seems able to correctly predict 
that propagation will not occur better than other 
methods; however, this skill comes at the 
expense of making a relatively high rate of false 
stable predictions.  For practical uses in 
instability assessments in the field, this type of 
error can be high consequence – most 
professionals would likely prefer to err on the 
side of caution and predict instability and back 
away from a slope when the snowpack is in fact 
stable, than make the opposite mistake and 
trigger a dangerous avalanche when a slope is 
assumed stable. 

The analysis of test dimensions and snowpack 
properties between correct and false stable 
predictions showed that false stable test results 
are more likely in thinner, less stiff slabs, with 
larger weak layer crystals.  In addition, longer 
test columns (i.e. 1.5 m) tended to have more 
false stable predictions, although many were 
also found in tests of the recommended length, 
and many correct predictions came from longer 
columns.  Taken together, the snowpack and 
column size control over the success of the PST 
suggest that rather than having a single column 
size for every snowpack, the better approach 
may be to scale the test dimensions to the slab 
of interest.  This type of dynamic test method 
based on snowpack properties reduces the 
practicality and ease of use of the PST, but may 
improve the success of its predictions and 
confidence in using the PST as part of an 
instability assessment.  For example, the 
recommended column size could be scaled to 
the thickness of the slab, e.g. column length 
equal to slab thickness.  This would require an 
extra measurement (slab thickness), but might 
reduce the ratio of correct to false stable 
predictions to a more acceptable level. 

Physically, some of the dependencies of the 
predictive success of the PST on slab and weak 
layer properties and test dimensions may be due 
to mechanical effects that cause the PST to 
poorly reproduce the interaction between the 
slab and fracturing weak layer under certain 
conditions.  The PST was designed to faithfully 
replicate the propagation process that occurs in 
an undisturbed snowpack during avalanche 
release or whumpfing; however, we are aware 
that the ‘beam’ geometry of the PST is distinct 
from the more three-dimensional ‘slab’ geometry 
of the natural process.  Especially for collapsing 
weak layers, in the PST the slab is put into a 
state of more or less two-dimensional bending 
with the passage of the weak layer fracture that 
propagates uniformly upslope (Figure 1).  
Alternatively, a slab in the field may behave 
more like a ‘tensile mesh’ as weak layer collapse 
and fracture, and associated slab bending, 
propagates radially away from the trigger (Figure 
2).  Beam geometry and bending are well known 
by engineers, and this behaviour has been used 
to develop new theories on how the mechanics 
of weak layer collapse and slab bending may 
occur (Heierli, 2005; Heierli and Zaiser, 2006, 
2008).  Similar principles have been applied to 
the dynamic structural collapse of slab-style 

Figure 2.  A researcher investigates the perimeter 
slab fracture surrounding a small whumpf.  Note 
the radial propagation pattern from the trigger 
point (foreground), which is distinct from the more 
two-dimensional geometry of the PST (e.g. 
Figure 1). (Bruce Jamieson photo) 
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concrete buildings and other structures (like 
parking garages), except in three dimensions 
both the behaviours of the structural elements, 
and the equations describing them, are different.   

In the PST, we have found that often the false 
stable test results require a relatively short cut 
length to initiate propagation (less than 50% of 
the test column), but that propagation is 
unsustainable by the slab, which fractures after 
a short distance and interrupts propagation.  
This highlights the idea that the third dimension 
on the slope provides support to the slab, and 
may enable it to sustain the bending associated 
with weak layer collapse and fracture 
propagation.  In the PST, the slab may fail under 
the demands of propagating the weak layer 
fracture, in the same snowpack that could 
propagate fractures on an adjacent slope.  All of 
this suggests that future analytical or theoretical 
models describing the fracture propagation 
process should be expanded into the third 
dimension, and include some term to account for 
the ability of the slab to sustain propagation over 
a large distance.  Ideally, we could better 
understand the mechanics of how the PST 
column behaves compared to adjacent slopes. 

5. CONCLUSIONS 

This study, and several previous ones, 
have shown that the PST has a relatively 
consistent false stable rate of 25-30% at whumpf 
or avalanche sites.  The false stable test 
predictions are more likely in thinner, softer 
slabs with larger weak layer crystals, and longer 
test columns.  The dataset in this study shows 
that at a given site, usually all tests make correct 
predictions, or all make false stable predictions.  
This suggests that doing more than one or two 
tests doesn’t necessarily improve the chance of 
getting a better prediction, although we always 
recommend that instability assessments be 
based on the results of several tests and using 
several different methods, along with other 
snowpack, weather, and terrain observations.  

Future research into the snowpack properties 
and column size control over the accuracy of the 
PST predictions is required, and should focus on 

determining the ideal or best performing column 
size for a given slab and weak layer 
combination.  One idea would be to scale the 
test column length to slab thickness, so that as 
the slab gets thicker and stiffer the tests get 
longer.  This might help improve the accuracy of 
and confidence in the predictions of the PST, 
and may help drive the next stages of modeling 
how fractures propagate in the PST and on 
adjacent slopes. 
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