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ABSTRACT: Persistent deep slab avalanches can be dangerous to humans and infrastructure because 
of their high destructive potential.  The lengthy age of the failed persistent weak layer and typically large 
depth to the failure layer make them difficult for forecasters to predict.  This research aims at creating a 
decision support tool to aid avalanche forecasters in determining the likelihood of natural persistent deep 
slab avalanches.  To create the tool, an expert opinion survey was completed by avalanche professionals 
in western Canada.  The questions were based on snowpack, weather, and avalanche observation 
information that will help to create the tool.  Some results were found to vary regionally.  For example, 
professionals in the Columbia Mountains expected on average 35 cm of snowfall over a 24-hour period to 
favour deep slab release whereas smaller averages were found for other mountain ranges. The 
importance of preceding deep slab avalanches also varied. 
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1. INTRODUCTION 

Persistent deep slab avalanches are destructive 
and generally difficult to forecast.  Recreationists 
and avalanche professionals alike find them a 
difficult problem to assess because of their often 
dormant status.  They release on persistent weak 
layers that are buried relatively deep in the 
snowpack, typically where the stresses induced by 
humans on the snow surface do not affect them in 
most areas.  Spatial variability of snowpack 
thickness is often the culprit for persistent deep 
slab avalanches triggered by skiers and 
snowboarders (Conlan et al., 2014).  Thin spots of 
the snowpack are usually also the cause for 
natural persistent deep slab avalanches triggered 
by snowpack warming from air temperature or 
incoming shortwave radiation (Conlan and 
Jamieson, 2014).  Those triggered from heavy 
loads (e.g. explosive, helicopter, cornice fall) or 
from quasi-uniform loading from precipitation or 
wind-transported snow may release on persistent 
weak layers that are relatively deeper because the 
induced stresses can reach weak layers at depth. 

Snowpack depths are terrain-specific and require 
knowledgeable recreationists or professionals to 
know how they vary from experience or by 
probing.  Although terrain is vital in deep slab 
releases, it is a constant that does not change 

from year to year.  Therefore to better understand 
such releases, other defining characteristics that 
can change daily such as the snowpack and 
weather parameters that stress the snowpack 
must be known.  Important snowpack 
characteristics of slopes that release persistent 
deep slab avalanches are generally related to the 
persistent weak layer and adjacent layers (Conlan 
et al., 2014).  The weather is particularly important 
to understand for natural releases as it is the sole 
factor altering the stresses and strain rates within 
the snowpack.  Weather leading to the release of 
natural avalanches has been studied.  Important 
parameters leading to their releases include 
precipitation loading, wind-transported snow, and 
temperature variations (e.g. Atwater, 1954; Perla, 
1970; Schweizer et al., 2003; Jamieson et al., 
2001; Conlan and Jamieson, 2013; Conlan et al., 
2014). 

The goal of this research is to amalgamate 
previous and current research into a decision 
support tool to help avalanche professionals in 
western Canada determine the likelihood of 
observing natural persistent deep slab avalanches 
on any given day.  This paper summarizes a 
portion of the research that will be used to create 
the tool, an expert opinion survey on persistent 
deep slab avalanches. 

2. METHODS 

The survey was filled out by 32 avalanche 
professionals from western Canada.  It consisted 
of questions about the snowpack, weather, and 
avalanche observations that were found to be 
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important from previous studies and discussions 
(e.g. Jamieson et al., 2001; Conlan and Jamieson, 
2013; Conlan et al., 2014).  The professionals 
were asked to rank each question based on how 
important they felt it was along with their 
confidence in each answer.  They did not have to 
answer every question, only those about which 
they were knowledgeable.  Weighted averages of 
each response were calculated based on their 
confidence in the answers.  A weight of 1 to 3 was 
assigned for confidences rated as Low, Medium, 
and High, respectively. 

For some questions, responses were grouped 
based on the location in western Canada where 
the professional worked.  They were grouped as 
Coast Mountains, Columbia Mountains, and Rocky 
Mountains for such cases.  If the professional 
indicated that the responses were for more than 
one region in different mountain ranges, they were 
grouped as Multiple. 

3. RESULTS AND DISCUSSION 

3.1 Expert opinion survey 

The questions and results of the expert opinion 
survey are summarized in Table 1.  The questions 
are grouped as relating to snowpack, weather, or 
avalanche observations.  Snowpack results were 
similar to those found in field studies by Conlan et 
al. (2014).  Sudden fracture characters are 
expected in compression tests or deep tap tests.  
However, some professionals commented that 
they are wary of resistant planar fracture 
characters and do not discount them if observed.  
This question had the highest importance rating of 
all the questions, indicating that avalanche 
professionals highly use snowpack test results in 
their decision making.  The weighted average of 
the responses indicated that crusts associated 
with failed persistent weak layers are at least P 
(pencil) in hand hardness (see CAA, 2007).  

 

Table 1.  Expert opinion survey questions and responses. 

Question 
number 

Question type Questions (for avalanche start zone of concern) 
Number of 
responses 

(n) 

Weighted 
average 

Average 
importance 

(1 to 3) 

1 

Snowpack 

Expected fracture character of persistent weak layer 31 sudden 2.7 

2 If a crust is the bed surface, it is at least this hard 31 P 2.3 

3 Faceted grains are at least this size if they are the failure layer (mm) 30 2 

2.3 4 Surface hoar crystals are at least this size if they are the failure layer 
(mm) 30 4 

5 Depth hoar grains are at least this size if they are the failure layer 
(mm) 26 4 

6 Failure layer is usually this many steps softer than the bed surface 1 31 2 2.2 

7 

Weather 

Critical 24-hour precipitation load (cm snow) 30 34 2.3 

8 Critical 3-day precipitation load (cm snow) 27 59 2.4 

9 Critical 7-day precipitation load (cm snow) 25 79 2.3 

10 Critical 24-hour rainfall (mm) 25 13 2.6 

11 Critical 24-hour rainfall on dry snow (mm) 22 17 2.6 

12 Critical 24-hour maximum air temperature increase (oC) 2 28 8 2.4 

13 Critical 3-day maximum air temperature increase (oC) 2 25 13 2.1 

14 Critical 12-hour air temperature decrease after being near-freezing 
(oC) 25 14 2.0 

15 Shortwave radiation hitting slope for the first time after a dry storm 29 NA 2.3 

16 Avalanche 
Observations 

Number of preceding days that deep slab avalanche observations 
are important for today 30 4 2.5 

1 Hand hardness steps.  For example, 1F to P is one step. 
2 The question implies that the maximum air temperature reaches at least -2 oC. 
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The hardness difference between the failure layer 
and the bed surface averaged 2 steps, indicating 
most professionals expect a strong stiffness 
difference for stress concentration at the weak 
layer.  The weighted average size of persistent 
weak layers were 2 mm (faceted grains), 4 mm 
(surface hoar), and 4 mm (depth hoar).  These are 
mostly consistent with the average sizes found at 
released deep slab avalanches by Conlan et al. 
(2014) of 2 mm, 8 mm, and 4 mm, respectively.  
The fewest amount of people responded to the 
depth hoar size, likely because it is rarely 
observed in the Coast Mountains and much of the 
Columbia Mountains. 

As for weather parameters, 24-hour, 3-day, and 7-
day cumulative loading weighted averages were 
34 cm, 59 cm, and 79 cm of snow.  These values 
are close to those found in field studies by Conlan 
and Jamieson (2013) which were 28 cm, 55 cm, 
and 80 cm, respectively.  The responses of these 
parameters were grouped by mountain range to 
assess variability in different snow climate 
locations.  The 24-hour precipitation amounts 
indicate that some professionals in the Rocky 
Mountains expect less snowfall to possibly release 
a persistent deep slab avalanche compared to 
some of those in the western ranges (Figure 1).  It 
is possible that this is because the Rocky 
Mountains experience fewer and smaller storms 
than the other ranges that are more affected by 
fronts from the Pacific Ocean.  Similar results to 
this are found with the 3-day and 7-day cumulative 

amounts.  The weighted average critical rainfall 
amounts were less than snowfall amounts.  Of 
note is the difference between weighted average 
24-hour critical rainfall versus the 24-hour critical 
rainfall on fresh dry snow.  Conway and Raymond 
(1993) indicate that widespread slab avalanching 
occurs within minutes to an hour of rainfall on 
fresh dry snow, likely equating to only a few 
millimetres of rain.  A similar result was not 
reported in the survey for deep slab avalanches. 

Four questions pertained to temperature 
fluctuations within the snowpack.  The first two 
relate to the maximum air temperature increase 
with the fact that the maximum air temperature 
reaches at least -2 oC.  The weighted averages for 
24-hour and 3-day changes were 8 and 13 oC, 
respectively.  Conlan and Jamieson (2013) found 
substantially lower average warming amounts of 
3.2 and 3.4 oC in field studies.  The weighted 
average for the critical 12-hour cooling with the 
temperature starting near-freezing was 14 oC, 
indicating that respondents expect strong rapid 
cooling may trigger deep slab avalanches.  This 
parameter was given the lowest average 
importance of all the questions, possibly because 
few deep slab avalanches are observed with very 
cold temperatures.  Also relating to weather, 
professionals rated incoming shortwave radiation 
after a dry storm as moderate relative importance 
compared to the other parameters.  Although 
fewer deep slab avalanches release from this 
mechanism than most other natural triggers, it still 

 

 
Figure 1.  Critical 24-hour loading amounts for various 
regions in western Canada.  Precipitation may be from 
snowfall or wind-transported snow. 

 

 
Figure 2.  Number of preceding days that avalanche 
professionals thought was important for determining the 
likelihood of avalanches today. 
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releases unexpected persistent deep slab 
avalanches in the middle of the winter (Conlan and 
Jamieson, 2014). 

For preceding avalanche observations, large 
variations were observed with what professionals 
thought was important (Figure 2).  Their opinions 
ranged from one to seven days with most 
indicating one to three days but a handful also 
reporting four to seven days.  This is a difficult 
question to answer and may require further 
research to determine statistical correlations 
between persistent deep slab avalanche releases 
and preceding observations.  

3.2 Development of the decision support tool 

The decision support tool for avalanche 
forecasters in western Canada is currently in 
development based largely on discussion with 
avalanche professionals and the findings of 
Conlan and Jamieson (2013), Conlan et al. (2014), 
and the expert opinion survey discussed here.  
The tool will follow a threshold sum approach 
where forecasters answer questions similar to 
those in the survey.  Once the user responds to 
the questions within the tool, it will assess the 
likelihood of observing natural persistent deep slab 
avalanches on that day.  It will also display notes 
about the possibility of artificially triggering 
persistent deep slab avalanches if the proper 
snowpack conditions are present.  The finalized 
tool will be available to avalanche forecasters to 
test for the 2014-2015 winter season and it will be 
further described in a peer-reviewed paper.  
Terrain characteristics are not included within the 
tool so the professional must apply the tool to 
specific terrain features of interest.  Although the 
tool was developed for western Canada, it may be 
applicable to other regions in the world that 
experience similar snowpacks. 
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