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ABSTRACT: The avalanche forecast regions in Canada range from 100 to 30,000 km2, far larger than 
the 10 km2 covered in a typical backcountry day. This difference in scale could cause the danger a 
recreationist is exposed to, the local avalanche danger, to differ from the regional bulletin. This study 
assesses the correlation between snowpack tests (rutschblock and compression tests including 
fracture character and release type) and the local avalanche danger. The results were grouped for 
analysis by the dominant avalanche problem of the day: loose dry, wet (loose and slab), wind slab, 
storm slab, persistent slab and deep slab. This paper presents snowpack tests, local danger ratings 
and key avalanche problems collected over 238 field days during the winters of 2009-2013. These 
field days yielded 477 compression tests and 46 rutschblock tests. The snowpack tests were 
performed in a representative location and accompanied by a profile to identify the failure layer and 
slab properties. We defined variables based on stability test results that can be used under certain 
avalanche conditions to help recreationists localize the avalanche danger. We found that storm and 
persistent slab avalanche problems had the strongest correlation between stability tests and local 
avalanche danger. Critical values of five significantly correlating stability test variables were calculated 
for their specific avalanche problems. 
 
Keywords: Local avalanche danger, compression test, rutschblock test, avalanche problem, avalanche 
forecasting
  
1 INTRODUCTION 
 

The Canadian regional avalanche bulletin 
is an expert assessment of the avalanche 
danger for a specific region. Jamieson and 
others (2006) found that this rating agreed with 
the local avalanche danger in only 57-64% of 
cases. One cause of this is the difference in 
scale; the forecast regions in Canada range 
from 100 to 30,000 km2, whereas a typical 
backcountry day covers approximately 10 km2 
or the area of a mountain drainage (Jamieson 
and others, 2008, 2009). Another cause is the 
spatial variability of the avalanche danger 
(Schweizer and others, 2008a). Also, accurate 
data may not have been available when the 
forecast was made (Jamieson and others, 
2009), or the human forecasters or forecasting 
models can be inaccurate (Jamieson and 
others, 2009). In addition, the regional bulletin is 
not published in certain areas (Jamieson and 
others, 2009). As a result it is useful for 
recreationists to use additional sources of 
information to verify or adjust the regional 
bulletin to their local area. We acknowledge that 
this local danger rating can also be different 
than the theoretical actual danger; however, it is 

the best available metric as it is a nowcast 
performed on location. 

To localize the avalanche danger, 
professionals and experienced recreationists 
rely on observations from snow profiles and 
snowpack tests that require digging a pit, as well 
as weather, avalanche, and snowpack 
observations. In this study we aim to relate the 
results of a single snowpack test at a point 
location to the local avalanche danger. We 
followed the framework of a study by 
Bakermans and others (2010) with an expanded 
dataset allowing the data to be grouped by the 
main avalanche problem: loose dry, wet (loose 
and slab), wind slab, storm slab, persistent slab 
and deep slab (Statham and others, 2010a). Our 
aim was to assess the value of snowpack tests 
under different avalanche conditions. The 
results may also provide guidance to 
inexperienced recreationists.  
 
2 METHODS AND DATASET 

 
2.1 Avalanche danger rating 
 

In Canada the avalanche danger is 
communicated to the public through avalanche 
bulletins or reports. The avalanche danger is 
rated for three vegetation bands: alpine, tree 
line, and below tree line. A five-point danger 
scale is used: Low (L), Moderate (M), 
Considerable (C), High (H), and Extreme (X), as 
per Statham and others (2010b). This 
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classification method was used in this study to 
rate the local avalanche danger DLN. 
 
2.2 Field work 
 

A typical field day replicated a recreationist 
backcountry day. We define recreationists as 
those with less than 20 days of backcountry 
travel in avalanche terrain (Bakermans and 
others, 2010). The field team started at the 
trailhead below tree line and ascended to the 
decision point, defined as the point at which the 
group decided whether or not to enter more 
hazardous avalanche terrain. The decision point 
was often at or near tree line; however, it could 
have been in the alpine or below tree line 
depending on the terrain and the avalanche 
conditions. 

At the decision point one or two main 
avalanche problems for the day were selected. 
They were often the same two problems 
identified during the morning safety meeting for 
our field teams; however, they could change if 
conditions were different than anticipated. The 
local danger (DLN) was then rated for the 
morning using all the information available to us. 
This information included previous days 
traveling in the area for work and recreation, our 
morning meetings, forecaster meetings, 
information from neighboring avalanche safety 
operations, snow profiles and snowpack tests 
recently performed in the area, and our non-
digging observations, e.g. observations of 
drifting snow, made while traveling to the 
decision point. A snow profile and snowpack 
tests were then performed in a representative 
location. After the snowpack tests we 
descended back to the trailhead and rated the 
local avalanche danger (DLN) for the entire day, 
again using all available information. 
 
2.3 Consolidating multiple DLN ratings 
 

On a given day we had one to three 
independent ratings of DLN made by different 
people to compare with one set of stability test 
results. We handled this problem by comparing 
the stability test variables to each of the 
potentially inconsistent ratings without applying 
any weights to the ratings. This allowed the 
variable number of ratings on a day to account 
for the uncertainty inherent in rating the local 
avalanche danger. For example, if three raters 
independently produced three identical ratings 
then this rating would hold three times more 

weight than a single rater day. Also, to 
consolidate the three ratings for vegetation 
bands we used the rating at the band, usually 
tree line, where the snowpack tests were 
undertaken. 
 
2.4 Snowpack tests 
 

This study has been limited to digging at 
one profile site per day because it is reasonable 
to expect a recreationist to dig once if the results 
are deemed useful (Bakermans and others, 
2010). We acknowledge that spatial variability 
affects the predictive ability of a single stability 
test (Campbell and Jamieson, 2007; Schweizer 
and others, 2008a); however, studies have also 
shown that stability tests can be related to the 
stability on adjacent slopes (Föhn, 1987; 
Schweizer and Jamieson, 2007).  

The snowpack tests chosen for this study 
were the compression test (CT) and the 
rutschblock test (RB). We were looking for 
stability tests that target the entire snowpack 
and not just specific layers, so propagation saw 
tests and deep tap tests were not applicable. 
The CT test was selected because it is probably 
the most well known and widely used stability 
test in Canada (Jamieson and Johnson, 1996; 
van Herwijnen and Jamieson, 2007b). The RB 
test is the standard stability test used by the 
Swiss Avalanche Warning Service (Schweizer, 
2002). The CT and RB tests were done 
according to the Canadian Avalanche 
Association Observation Guidelines and 
Recording Standards (CAA, 2007). In each 
snow profile one to three CT’s and one RB were 
done. Three variables describing CT results and 
five variables describing RB results were 
analyzed as per Jamieson and others (2006) 
and Bakermans and others (2010). Variables 
describing failure depth were also added. Table 
1 provides descriptions of these variables.  
 
2.5 Dataset 
 

This study is composed of 238 field days 
over the past 5 winters (2009-2013), throughout 
the Coastal, Columbia and Rocky Mountains of 
western Canada. The dataset was subdivided 
by the main avalanche problem identified on the 
day, as shown in Table 2. On the majority of 
these field days multiple CT’s were performed, 
yielding a total dataset of 477 CT tests and 46 
RB tests. 
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Table 1. Compression and rutschblock test variables (after Bakermans and others, 2010) 
Variable Description 
Compression test 
CT Median of scores (number of taps) from first fracture in each test. If no fracture occurred, CT 

was set to 35. 
CTS Median of scores from first sudden fracture (Sudden Planar or Sudden Collapse) in each test. 

If no sudden fracture occurred, CTS was set to 35. 
nCTS Average number of sudden fractures per compression test. 
CTSD Depth of deepest sudden fracture. If no sudden fracture occurred, CTSD was set to 0. 
Rutschblock test 
RB Median of first score from each test. If no fracture occurred, RB was set to 7. 
RBW Median score of first whole-block release from each test. If no whole-block release occurred, 

RBW was set to 7. 
RBM Median score of first most-of-block or whole-block release from each test. If no most-of-block 

or whole-block release occurred, RBW was set to 7. 
nRBW Average number of whole-block releases per test. 
nRBM Average number of most-of-block or whole-block releases per test. 
RBWD Depth of deepest whole-block release. If no whole-block release occurred, RBWD was set to 

0. 
RBMD Depth of deepest most-of-block or whole-block release. If no most-of-block or whole-block 

release occurred, RBWMD was set to 0. 
 
Table 2. Number of field days categorized by 
main avalanche problem. 

Avalanche 
Problem 

CT RB  
Days % Days % 

All (incl Unknown) 218 100 46 100 
Loose Dry 16 7 1 2 
Wet Loose and 
Slab 

12 6 6 13 

Wind Slab 44 20 7 15 
Storm Slab 24 11 7 15 
Persistent Slab 70 32 16 35 
Deep Slab 14 6 5 11 

 
2.5.1 Bias due to dependence of DLN on stability 
test results 
 

As discussed in Bakermans and others 
(2010), because the observers used the stability 
test results as input information when 
determining DLN there is the potential for DLN to 
be influenced by the stability test results. To 
isolate this bias the observers rated the danger 
both pre and post digging, and recorded the 
reason for any change in their rating. The 
stability tests were the cause of a rating change 
on 20 of 238 CT days and none of 46 RB days. 
To ensure there was no bias these days were 
removed from the dataset, and this reduced 
dataset is shown in Table 2. 
 
 

2.6 Statistical methods 
 

Three statistical methods were used to 
assess the strength of relationships between the 
stability test variables and DLN. The first test, as 
per Bakermans and others 2010, was the 
Spearman Rank (SR) correlation (Walpole and 
others, 2007) where the Spearman R value and 
the associated p-value were calculated. The 
second test was the Kruskal-Wallis (KW) test 
(Kruskal and Wallis, 1952), used to test the null 
hypothesis that when the variables were 
grouped by their associated DLN rating the 
groups were from the same distribution 
(commonly interpreted as having the same 
median). The third test was univariate 
classification tree analysis (CTA) (Breiman and 
others, 1998) where a univariate classification 
tree was constructed for each of the stability test 
variables to explain DLN. To avoid over fitting, 
the size of the tree was determined using a 
pruning algorithm based on five fold cross 
validation (Breiman and others, 1998). The 
cross-validated percentage correct (PC) from 
each univariate tree was calculated and used as 
a comparison metric. 

Stability test variable & avalanche problem 
combinations significant for both the SR and KW 
tests were selected for further investigation with 
univariate classification trees. These 
classification trees split the data using critical 
values for the stability test variables that 
produce the greatest cross-validated percentage 
correct. 
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3 RESULTS 
 
3.1 Statistical comparison of DLN and stability 
test variables 
 

The results of the comparison of stability 
test variables with DLN are shown in Table 3. 
Overall the danger correlated best with stability 
test results for persistent and storm slab 
avalanche problems. Wind slab and loose dry 
had the most inconsistent test results. The SR R 
(correlation coefficient) signs were actually the 
opposite of expected in three of the four loose 
dry and nine of the eleven wind slab variables. 

The two test variables that were significant 
on both the SR and KW tests for persistent slab 
were the average number of sudden fractures 
(nCTS) and the depth of the deepest sudden 
fracture (CTSD), both of which contain a 
measure of fracture character. For storm 
problems three of the RB stability test variables 
were significant on both the SR and KW tests: 
the median first RB score (RB), the median RB 
score of the first whole or most-of-block fracture 
(RBM), and the average number of whole or 
most-of-block releases per test (nRBM). This 
includes RBM with an SR R value of 0.76, the 
 

Table 3. Spearman rank correlations (SR R), Kurskal-Wallis p-values (KW p) and univariate 
classification tree percentage correct (CTA PC) between stability test variables and DLN. The expected 
signs for SR R based on expert knowledge are below the variable names. Significant SR and KW 
values with expected SR correlation signs are bold and italic. The ‘All’ category also includes days for 
which the main avalanche problem type is unknown. ND indicates no data. 

 Compression Test Rutschblock Test 
 CT 

(-) 
CTS 
(-) 

nCTS 
(+) 

CTSD 
(+) 

RB 
(-) 

RBW 
(-) 

RBM 
(-) 

nRBW 
(+) 

nRBM 
(+) 

RBWD 
(+) 

RBMD 
(+) 

All n=218  n=46  
SR R -0.14 -0.09 0.12 0.16 -0.25 -0.21 -0.11 0.18 -0.01 0.12 -0.10 
KW p 0.02 0.04 0.23 0.01 0.06 0.22 0.24 0.31 0.15 0.63 0.03 
CTA PC 0.41 0.41 0.44 0.41 0.51 0.57 0.51 0.51 0.56 0.48 0.48 
Loose n=16  n=1  
SR R -0.45 0.31 -0.29 -0.03 ND ND ND ND ND ND ND 
KW p 0.04 0.19 0.23 0.34 ND ND ND ND ND ND ND 
CTA PC 0.61 0.65 0.61 0.48 ND ND ND ND ND ND ND 
Wet n=12  n=6  
SR R -0.04 -0.23 0.24 0.23 -0.15 ND 0.07 ND -0.07 ND -0.07 
KW p 0.01 0.38 0.37 0.38 0.15 ND 0.46 ND 0.46 ND 0.46 
CTA PC 0.52 0.52 0.52 0.52 0.67 0.58 0.58 0.58 0.58 0.58 0.58 
Wind n=44  n=7  
SR R -0.16 0.22 -0.19 0.06 0.04 0.54 0.57 -0.54 -0.69 -0.52 -0.74 
KW p 0.33 0.13 0.21 0.72 0.68 0.09 0.07 0.09 0.05 0.04 0.01 
CTA PC 0.63 0.51 0.46 0.46 0.31 0.46 0.46 0.46 0.31 0.50 0.63 
Storm n=24  n=7  
SR R -0.23 -0.36 0.11 0.10 -0.64 -0.48 -0.76 0.42 0.55 0.38 0.38 
KW p 0.34 0.08 0.49 0.28 0.02 0.08 0.01 0.13 0.05 0.15 0.15 
CTA PC 0.33 0.33 0.33 0.33 0.57 0.57 0.86 0.71 0.71 0.75 0.75 
Persist n=70  n=16  
SR R 0.03 -0.09 0.25 0.26 -0.24 -0.29 -0.16 0.28 0.02 0.15 -0.18 
KW p 0.05 0.04 0.01 0.03 0.18 0.44 0.31 0.48 0.40 0.82 0.02 
CTA PC 0.32 0.45 0.42 0.39 0.52 0.42 0.52 0.42 0.58 0.34 0.49 
Deep n=14  n=5  
SR R -0.21 -0.19 0.23 -0.03 0.00 -0.32 0.00 0.22 0.19 0.07 0.06 
KW p 0.12 0.42 0.39 0.34 1.00 0.33 1.00 0.51 0.56 0.82 0.85 
CTA PC 0.56 0.60 0.44 0.60 0.80 0.80 0.80 0.80 0.80 0.77 0.77 
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highest of any stability test variable & 
avalanche problem combination. 
 
3.2 Univariate classification trees 
 

From Table 3, six stability variable & 
avalanche problem combinations were 
significant for both the SR and KW tests: CT 
for loose; RB, RBM and nRBM for storm; and 
nCTS and CTSD for persistent. From these six 
the classification tree for RB & storm was 
eliminated as it only contained the root node 
and no splits. The remaining five trees are 
shown in Figure 1. As a first look at this 
analysis these trees were pruned where 
necessary to show only the first split based on 
one critical value. 

For loose dry avalanche problem a critical 
value of CT score of 10 or less indicated an 
increase in danger from low (L) to moderate 
(M). For persistent slab the presence of any 
sudden fractures indicated an increase in 
danger from moderate (M) to considerable (C), 
and a sudden fracture depth of 26 cm or 
deeper also indicated an increase from 
moderate (M) to considerable (C). For storm 
slab a RB whole or most-of-block release 
score of 5 or less indicated an increase in 
danger from moderate (M) to considerable (C), 
and the presence of any RB whole or most-of-
block fractures also indicated an increase in 
danger from moderate (M) to considerable (C).

 
Loose & CT 

(PC=0.61, n=16) 
Persistent & nCTS 
(PC=0.30, n=77) 

Persistent & 
CTSD 
(*PC=ND, n=77) 

Storm & RBM 
(PC=0.86, n=7) 

Storm & nRBM 
(PC=0.71, n=7) 

     
Figure 1. Univariate classification trees for select avalanche problem & variable combinations. PC is 
cross validated percentage correct of tree. DLN rating shown at each leaf. CT is the median CT score 
of the first fracture in each test, nCTS is the average number of sudden fractures per tests, CTSD is 
the depth of the deepest sudden fracture from all tests, RBM is the median RB score of the first whole 
or most-of-block release from each test, and nRBM is the average number of whole or most-of-block 
releases per test. 
*Tree was manually pruned to the first branch, no PC available. 
 
4 DISCUSSION 
 

Due to the extensive slope scale 
variability in stability test scores (Campbell 
and, 2007; Schweizer and others, 2008a) the 
relatively low SR R values for the stability test 
variables were expected. However, the six 
stability test variable & avalanche problem 
combinations selected showed significant 
correlation with the local danger, and thus 
might be useful to recreationists in localizing 
the danger under these specific avalanche 
conditions. 

The strong correlation between stability 
test variables and persistent slab avalanche 
conditions corresponded with the Swiss 
avalanche awareness brochure Caution – 
Avalanches! (Harvey and others, 2009), which 
lists snowpack tests as useful for recreationists 
during ‘old snow’ conditions. However, the 
brochure does not identify snowpack tests as 
useful for ‘new snow’ (storm) as this study 
found. Both of the stability test variables 
selected for persistent slab (nCTS, CTSD) 
contained a measure of fracture character. The 
strong correlation between fracture character 

and danger for persistent slab agreed with the 
findings of van Herwijnen and Jamieson 
(2007b), who found that most sudden fractures 
for CT tests occur in weak layers consisting of 
persistent grain types (facets, depth hoar and 
surface hoar). The classification tree that 
indicated an increase in danger from moderate 
to considerable with the presence of any 
sudden CT fractures further reinforced this. 
Also, the critical value for sudden fracture 
depth of 26 cm or deeper that indicated an 
increase in danger from moderate to 
considerable was similar to the Columbia 
Mountains yellow flag minimum slab depth 
threshold of 20 cm (Jamieson and Schweizer, 
2005). 

For storm slab avalanches two of the 
three variables selected were related to 
release type, which is associated with fracture 
propagation propensity (Schweizer, 2002). 
These were the median RB score of the first 
whole or most-of-block fracture (RBM), and the 
average number of whole or most-of-block 
releases per test (nRBM). This agreed with the 
findings of Bair and others (2012), who 
showed that propagation (fracture character) of 
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the ECT test is a powerful predictor of 
avalanche activity for a storm snow problem. 
The selection of two variables representing 
both whole and most-of-block failures (RBM 
and nRBM) as opposed to just whole block 
failures was also interesting. This concurred 
with the findings of Bakermans and others 
(2010) who found that whole and most-of-block 
releases are a better indicator of danger than 
only whole block. However, we acknowledge 
that Schweizer and others (2008b) found 
whole-block releases correlate much better 
than most-of-block with skier triggering. The 
critical value for the lowest whole or most-of-
block RB score of 5 or less for storm slab that 
indicated an increase in danger from moderate 
to considerable was in alignment with the RB 
interpretation scale (Schweizer, 2002), where 
RB values of 6 and 7 indicate relatively stable 
conditions. The classification tree that 
indicated an increase in danger from moderate 
to considerable with the presence of any whole 
or most-of-block RB fractures is also 
interesting as it mirrored the classification tree 
results for sudden CT fractures for persistent 
slabs. 

For loose dry a critical CT score of 10 or 
less (the transition from easy to moderate 
taps) corresponded with a danger increase 
from low to moderate. This is similar to the 
findings of van Herwijnen and Jamieson 
(2007b), who showed that CT values of less 
than 13 had an increased frequency of skier 
triggering. 

The proportion of field days with each 
type of geographic spread, categorized by their 
avalanche problem is shown in Figure 2. 

 

 
Figure 2. Avalanche problem geographic 
spread. The CT and RB datasets were 
combined. 

Wind slab had the greatest proportion of 
days with an ‘isolated’ avalanche problem, 
which is indicative of the spatially variable 
nature of wind slabs. This could be a partial 
explanation for the poor correlation between 
stability tests and danger for wind slab, as 
some of the stability tests could have missed 
targeting the isolated wind slab. By contrast 
storm and persistent slab had the largest 
proportions of ‘widespread’ avalanche 
problems and also had the best correlation 
between stability tests variables and local 
danger. 

Overall, when comparing the SR R values 
in Table 3 from the CT test variables with the 
RB test variables it can be seen that the RB 
variables had a generally higher correlation. 
This is reinforced by the SR R value for RB 
under ‘all’ avalanche problems of 0.25 
compared to 0.14 for CT. This means that 
within this dataset the RB variable was a better 
indicator of DLN than CT when considering all 
days. To test whether the RB test consistently 
correlated higher than the CT test we 
calculated the SR R values on the days both 
tests were done (n = 44). In general the 
correlations for the CT variables were actually 
(slightly) higher for this reduced dataset, 
therefore we cannot conclude the RB to be a 
better test overall, as was suggested analyzing 
the whole dataset. When comparing the CT 
and RB results it should also be noted that the 
RB test had less instances of multiple fractures 
than the CT test; only 8 of the 46 RB tests had 
multiple fractures in this dataset. This caused 
the nRBW and nRBM variables to often 
resemble binary rather than ordinal variables, 
which could have affected the analysis of 
these variables. This should also be 
considered when interpreting the RBWD and 
RBMD variables, as the ‘deepest’ release was 
often the only release. 

The stability test variables in this study 
rely on expert knowledge to summarize 
multiple CT and RB tests, each with multiple 
fractures. While these variables represent 
each component of a stability test (score, 
fracture character, depth and number of 
failures), we acknowledge that information 
present in the original test results is lost in the 
process. Perhaps the greatest loss is the 
ability to view the test results as a holistic 
entity, as an experienced practitioner could. 
 
5 CONCLUSION 
 

Field teams performed compression and 
rutschblock tests, rated the local avalanche 
danger, and identified the main avalanche 
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problem across the mountains of western 
Canada over the past 5 winters. Stability test 
variables were defined and compared to the 
local avalanche danger. The results were 
grouped by the main avalanche problem. 
Three statistical methods were used for the 
analysis: Spearman rank correlations, Kruskal-
Wallis test, and univariate classification tree 
analysis. 

Overall the stability test variables 
correlated the best with the local danger under 
persistent and storm slab conditions. Six 
stability test variable and avalanche problem 
combinations significantly correlated with the 
local avalanche danger. We presented 
univariate classification trees for five of these 
combinations. These trees calculated the 
critical values of the stability test variables for 
the specific avalanche problem that indicated 
an increase in the local avalanche danger. For 
loose dry a critical value for the lowest CT 
score of 10 taps or less indicated an increase 
in danger from low to moderate. For persistent 
slab the presence of any sudden fracture 
indicated an increase in danger from moderate 
to considerable, as well as a sudden fracture 
depth of 26 cm or deeper also indicated an 
increase in danger from moderate to 
considerable. For storm slab the a critical 
value for the lowest whole or most-of-block RB 
score of 5 or less indicated an increase in 
danger from moderate to considerable, and the 
presence of any whole or most-of-block 
fractures also indicated an increase in danger 
from moderate to considerable. These 
classification trees have large associated 
errors and therefore should not be used as 
decision support tools for recreationists. 
However, these critical values can provide a 
benchmark for recreationists when interpreting 
stability test results, along with other 
information, under each of these avalanche 
conditions. 

As per the findings of Bakermans and 
others (2010), this study supports the limited 
value of stability tests undertaken at one or two 
point locations in directly determining the local 
avalanche danger. The high proportion of 
insignificant results for the SR and KW tests 
and the relatively low magnitude of the SR R 
and CTA PC values support this. However, 
there is promise in combining some of the 
significant combinations identified in this study 
with other field observations, such as those 
identified by Jamieson and others (2009), to 
localize the avalanche danger. 
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