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AVALANCHE CLOSE-CALLS DURING COURSES — WHAT CAN WE LEARN?

Steven M. Conger1*

'Snow Knowledge, Golden, BC Canada

ABSTRACT: This paper and its associated poster present a study of avalanche close-calls or incidents
that have occurred during field sessions in a formalized avalanche course setting. The research was un-
dertaken through a survey to collect, collate, and analyze commonalities of actual avalanche risk scenari-
os during both recreational and professional avalanche courses. The information was reviewed and is
presented in categories relevant to modern avalanche hazard and risk assessment. The data provides
good material for discussion among avalanche curriculum developers, course providers, and instructors.
Responses describing 29 events suggest that there are common threads and themes to learn from and
that there is room to improve both course delivery and information sharing.

KEYWORDS: Avalanche accidents, close calls, hazard evaluation conceptual model, recognition primed

decision-making.

1. INTRODUCTION

In the Canadian Avalanche Association’s shift to-
wards a self-regulated profession, emphasis has
been placed on ensuring members work in a way
that improves the safety of people and resources
in avalanche terrain. This has included the estab-
lishment of workplace competencies for entry-to-
practice. Recognized within these competencies
are specific abilities related to avalanche course
delivery and instruction. One expected ability is
competency in the selection of instructional terrain
that balances student learning with abilities and
risk.

Historically published accident provided known
examples of events in the U.S., Canada, and New
Zealand that occurred in 1964, 1967, 1976, 1987,
1991, 1999, and 2005 (Gallagher, 1967) (Irwin,
MacQueen, & Owens, 2002) (Jamieson & Geld-
setzer, 1996) (Williams, 1975) (Williams & Arm-
strong, 1984) (Jamieson, Haegeli, & Gauthier,
2010) (avalanche.org, 2016). These provided lim-
ited guidance and no other background could be
found on the topic for use by course leaders and
instructors. This scarcity was tackled with the be-
lief that close calls might reveal clues for future
guidance. Research was initiated to collect and
analyze commonalities of actual avalanche risk
scenarios during avalanche courses. The identifi-
cation of relevant course structure and exploring
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content for close-call reporting were investigation
goals as well.

An online survey was crafted and a request for
participation was sent out in May of 2016 to the
following organizations for distribution: American
Avalanche Association, Canadian Avalanche As-
sociation-Industry Training Program, Avalanche
Canada’s Avalanche Skill Training, American Insti-
tute for Avalanche Research and Education, Na-
tional Ski Patrol, National Avalanche Foundation,
and New Zealand Mountain Safety Council.

| am gratefully indebted to the individuals who took
the time to answer the survey. | am especially
grateful to those who chose to share their experi-
ence and insights in an effort to improve our craft
and the safety of delivering it.

2. SURVEY STRUCTURE

The phrasing applied in the research used current
avalanche risk management processes and termi-
nology with regards to terrain selection, hazard
assessment, and risk mitigation. The 26 questions
used in the survey can be found at the end of this
article. Questions were organized in sets that
asked: for some generic and contextual infor-
mation; about the geography and exposure; about
the instructional organization; about hazard and
risk assessment; and, for any shareable insights.

The questions purposefully did not ask about haz-
ard/danger ratings, event descriptions, involve-
ments, outcomes, or other topics that would be
unique to the event. Instead they focused on con-
cepts and information that one might consider uni-
versal or available in any circumstance where
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patterns or insights would be useful and applicable
across the board.

All contributions to the survey were anonymous in
an effort to elicit the best response possible. The
value of unhampered response was felt to be
worth the potential uncertainty in vetting events for
duplication and in-ability to follow-up with any
questions.

3. SUMMARY STATISTICS

Unfortunately there is not a way to normalize the
data as it is unknown how many courses have
been taught each season that is represented here.

3.1 Responses

There were 152 survey responses, 101 (66%)
stated they were not aware of an event. The bal-
ance was divided three ways (aware & willing,
aware & not willing, aware & incomplete). Thirty-
three responses were willing to share information
about the event. In the end there appeared to only
be four events that received duplicate responses
(though these were suspected to from separate
individuals present to the close-call and provided
valuable contribution to the survey).

Five responses stated they were aware of an
event but did not wish to share any information;
three of these are likely duplicates to follow-up
entries (i.e. the same year / month). The percent-
age of responses that were aware of an event but
for which the survey was incomplete (9%) repre-
sents uncertainty associated with this survey.
When asked about using field notes to complete
the survey, 65% stated no, 15% yes, and the an-
swer is unknown for 24%.

3.2 Events

Twenty nine events provide the information that
was analyzed (note that 4 of these 29 had two
submissions of information). 76% (22) of the
events were from the US, 10% (3) each from Can-
ada and New Zealand, and 4% (1) from Scandina-
via.

Canada

(3)

Other
(1)
4%

Figure 1. Distribution of respondent described
events by country.

The majority of the events were divided between
two group types; professional (54%) and recrea-
tional (38%). Two responses (5%) stated the
group was mixed and one (3%) was a university
course. Courses were included in the professional-
focus courses that were described as: professional
snowmobilers but not avalanche professionals, ski
patrol, and a ski guide exam.

The median student to instructor ratio follows a
decreasing trend over time from 6:1 in 1986/87 to
4.1 in 2015/16. In most cases (19), the previous
day was at least a partial field day (3 took place on
the first field day and in 8 it this information was
unknown).

3.3 When & Where

There are 33 events illustrated in Figure 2. Two
are from published records for which there were
no survey responses. Two are from the survey for
which no information was submitted. Locations
where these events occurred include Alaska, the
western US, northeastern US, Canada, New Zea-
land, and Scandinavia. Other alpine regions such
as Europe or Japan were not targeted in the sur-
vey distribution and logically are not represented
in the data.
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Figure 2. Events since the 1986/87 season by geographic location and year.

The 29 events described in the responses
spanned winters from 1986/87 through 2015/16.
There are 8 for the most recent season. The pat-
tern visible in Figure 2 suggests a dramatic recent
rise in the annual number of events, possibly the
presence of the availability heuristic, possibly
more educational opportunities, or some combina-
tion. More recent or notable events may have
prompted responses to the survey. It may also
indicate a recent shift in people’s willingness for
close-call sharing.

4. SNOW CLIMATE
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Figure 3. lllustration of events by season and
snow climate.

The snow climate and terrain where events oc-
curred was also considered for evidence of pat-
terns (Figure 3). Suppositions might be made, but
no definitive factors are apparent. Continental
(50%) represented the most common, transitional
(20%), maritime (17%), maritime arctic (New Eng-
land) and Nordic (Scandinavia) (3%). Events in
the continental snow climate seem to stand out as
regularly occurring and most prevalent in the

western US. The clustering seen in transitional
climate events may reflect seasonal variations as-
sociated with the prevalence of persistent weak
layers.

5. TERRAIN
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Figure 4. Percentage of total events divided by
ATES and elevation band.

Respondents were asked to rate the terrain in
terms of the Avalanche Terrain Exposure Scale
(ATES). Challenging as well as situations where
the transition was being made from simple to chal-
lenging account for 45% of the events. Complex
(including challenging to complex) rated terrain
made up 24% of the events. The balance occurred
in terrain rated simple (31%).

When broken down by elevation band (Figure 4),
the responses seem to highlight a lower likelihood
of events if simple terrain is chosen in the alpine.
However, any pattern here may simply be an arti-
fact of the distribution of terrain types by elevation
band.
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Figure 5. An illustration of group position and movement by ATES.

The largest clustering of events in Figure 5 seems
to have occurred in challenging terrain while mov-
ing either as a group or one at a time. A key thing
to remember when looking at this information is
there is no delineation of whether there was an
involvement or a surprising avalanche very near-
by.

Answers to questions about magnitude and fre-
quency suggest an incomplete understanding of
frequency by the typical respondent. A best guess
coding of the responses indicates that most felt
the location where the event occurred was a high
frequency path for D2 or smaller avalanches.
Many stated they did not believe the path was ca-
pable of producing larger than D3 avalanches.

Three of the responses described the close call
happening near a profile location due to travel or
slope testing by a group member. One described
the location as under a cornice that it was
unknown whether the cornice was stable or not.

6. HAZARD AND RISK FACTORS

Question 24 asked respondents to rank the role
hazard assessment or risk components played in
the event. The box-plot in Figure 6 illustrates the
relative importance that was associated with each
of the components. Sensitivity to triggering (haz-
ard element) and exposure location (risk element)
are the two highest ranked components. Individual
analysis in the following sections provides a better
perspective.

Rankings Attributed to the Hazard Assesment or Risk Components Based on the Role the Component Played in the Event
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Figure 6. Box-plot of the ratings attributed to components of hazard and risk.
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7. AVALANCHE HAZARD
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Figure 7. Graphic of the conceptual model of ava-
lanche hazard evaluation.

The conceptual model of avalanche hazard
evaluation (Figure 7) was developed in a effort to
provide a common framework for all North
American avalanche bulletin writers (Statham, et
al., 2010). It has been embedded in operational
avalanche risk management through its inclusion
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at the heart of chapter 6 in Technical Aspects of
Snow Avalanche Risk Mangement (TASARM)
(Canadian Avalanche Association, 2015). Several
of the elements that were ranked in question 24
were selected to directly match the conceptual
model components. Elements in question 24 also
included exposure and uncertainty.

The conceptual model (Figure 7) may be used as
a framework to add structure to backcountry
decision making (Conger, 2016).

Figure 8 shows histograms of the rankings for
each of the components related to likelihood of
triggering and destructive size. Distribution of
rankings shows sensitivity to triggers as the one
considered most important. The distribution seen
for propagation shows two distinct peaks (bimodal)
and worthy of note. It has a group of events where
propagation is ranked high; the balance is spread
out as less important.
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Figure 8. Graphic illustration showing histograms of rankings attributed to conceptual model components.

8. AVALANCHE RISK

Avalanche risk is a function of the likelihood and
magnitude of the avalanche, the exposure in
space and time, and vulnerability of the element at

risk (Canadian Avalanche Association, 2015).
Figure 9 provides a view combining the histo-
grams as they relate to avalanche risk. Sensitivity
to triggers and spatial distribution histograms are
combined into likelihood of triggering. Propagation
and destructive size are combined into magnitude.
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Figure 9. Graphic illustration showing histograms of rankings attributed to avalanche risk components.

The three exposure histograms (period, position,
and number) are combined into one.

When one looks at the overall pattern in compari-
son with the individual histograms, the compo-
nents that standout are sensitivity to triggering,
propagation, number and position of exposure.
These are the most important and attention to
them may have the largest impact to the risk level.

There are two ways to think of risk (Canadian
Avalanche Association, 2015). The second is at a
conceptual level where risk is described as the
effect of uncertainty on objectives. The median
ranking of uncertainty was 6 overall and only
ranked once each as 1 or 2. Most respondents
ranked uncertainty as not applicable.

9. DISCUSSION

"1I'm in an avy course to learn how to avoid being
buried and the outcome is being buried? How
fucked up is that!?" (quote attributed to a succinct
course participant)

Klein (1998) suggests that the sources of power
needed for decision-making in natural settings are
intuition, mental simulation, metaphor, and
storytelling. The power of metaphor helps to draw
on experience by drawing parallels between
current circumstances and other things that one

has come across. Storytelling makes both our and
other’s experiences available in the future.

The sharing of close call experience is precisely
what Klein is suggesting improves our decision-
making abilities. Several questions asked
respondents to reflect on the close call: how was
the potential risk scenario communicated; and any
narative or insight that might be useful. Itis here
that the information collected in the survey shines
in helping us in the selection of instructional terrain
that balances student learning with abilities and
risk. There are a few threads that seemed to
become exposed when the responses were
reviewed as a whole.

Humility is essential (e.g. assessed and
understood the conditions well, but still got very
lucky; recognizing the potential for luck to have
played a role in previous success when uncertain;
admitting that successfully ‘threading the needle’
had more to do with luck that knowledge or skill).

Margin of safety when instructing is key. Key in
many ways. This is evident in response examples
which: acknowledged being ten meters from being
right; that the safety margin was very small; we
can make all observations necessary to predict
nature, margin needs to be there to allow for error;
and, that the large margins of safety built into the
day ensured the outcome would be managable.
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One respondent’s words rang strong: “Despite
very good stability, the clues that morning were
obvious and clear. There was a significant weak
layer, a new slab, steep slope, and a bunch of
triggers. The situation was clearly dangerous, and
| thought we could "threat the needle" or "walk the
thin line" so speak. The uncertainty that was kind
of acknowledged, but really was more unforeseen
was the fracture line. It broke basically at our feet.
That was way too close.”

Group position as a margin of safety stands out
many times as the difference between the close
call being a “free lesson” versus a potentially tragic
one (e.g. the identification of safe zones saved
most of the group from being buried; students and
other instructor were on the safe lower angle
adjacent terrain; propagation cracks extended
from the 35 degree slab area to the 20 degree
adjacent slope where the group was; my group
was in a safe location, but | took a ride for 150
vertical feet before grabbing a tree and escaping;
the group underestimated the probability of remote
triggering, it was assumed that fairly flat terrain
well below an avalanche start zone would be
reasonably safe; we remotely triggered the slope
by digging our snowpits so close to the starting
zone). Operating in a “seeing the future” mode is
essential so that a student does not have the
option to go into undesired locations or a no-go
area whether due to travel skill or their choice.

The loss of situational awareness of the field
classroom objective was well described in one
event: “We had been avoiding avalanche terrain
all day, lots of walking and very little skiing. Upon
arriving at the last skiable slope before returning to
the lodge the group all expressed their desire to
ski it - a small slope with sparse trees, barely
steep enough to slide. To avoid a revolt | agreed,
we would practice "safety measures" and ski one
at a time. After reviewing what we all should do
the first skier launched onto the slope and it re-
leased 20 to 40 cms deep on his second turn. The
mass was too small for burial, but he was knocked
off his feet and hit a small tree as he tumbled
downhill, breaking his hip.”

10.CONCLUSSION

This paper summarized a survey of avalanche
close-calls that have occurred during field ses-
sions in a formalized avalanche course setting.
The information from 29 events was described in
terms of ATES, snow climate, course characteris-
tics, the conceptual model of avalanche hazard

evaluation and modern avalanche risk assess-
ment.

It brings to the forefront topics that are important,
worth consideration and addressing.

A type of scenario seems present that | believe is
high risk and described in enough responses to
warrant attention. In 24% of the events, motion
was described as “1 at a time” which | interpret
where not specifically stated as using “standard
traveling safety proceedures”. The part that
disquieted me the most and offers a good
guideline is: when one feels that relying on
exposing 1 at a time is the difference between go
and no go (e.g. pushing it for the sake of
demonstrating safe travel techniques), one is well
outside the margin of safety that addresses the
objectives of learning. This is mitigation that relies
soley on a probability of changing vulnerability.
The risk equation for an individual in avalanche
terrain is already strongly affected by a
vulnerability value that is closer to O than it is to 1.
It's about learning about snow, not learning how to
guide as some related to their close call (e.g. defer
to simpler terrain; courses should not target
complex terrain; it is a class environment not
leading near the edge of the abyss).

Sharing information about close calls in a non-
punitive model will improve the collective decision-
making abilities of those responsible for selecting
terrain while at the same time, balancing
learning, abilities, and risk. The model should
capture key details in a manner that protects
identity of a specific event. An anonymous and
freely open reporting system that uses narative
along with specific choices (e.g. ATES rating,
position, modern assessment factors). Clues to
new patterns or connections often lie in the narra-
tive. In a field such as avalanche forecasting
where uncertainty plays such a critical role, there
will be unforeseen events that should not be treat-
ed as mistakes; i.e., there can be error without
negligence. Reflection is very much a part of the
professional identity of an avalanche worker, pos-
sibly because they will likely be first to an event or
that an event may threaten their lives too.

There remains a reluctance to share information
about close calls or “inconsequential” involve-
ments, evidenced by responses to this survey.
This is a part of the professional culture that pre-
sents an on-going challenge and is requisite to be
transformed.
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12.APPENDIX

1. Are you aware or knowledgeable of a
close-call or avalanche involvement during
an organized course? In other words,
have you experienced one or have first-
hand knowledge as an instructor or course
provider?

2. What month/year did this occur?

3. What type of group was the focus of this
course? (e.g. recreation, professional)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Do you wish to share additional infor-
mation as part of a survey to understand
any commonalities present in terrain use
and hazard conditions?

What global location did this occur in? |
U.S. Iwr 48, Alaska, Canada, South Amer-
ica, New Zealand, European Alps, Py-
renes, Japan, other]

Was this in simple, challenging, or com-
plex terrain?

What snow climate did this occur in? [mar-
itime, transitional, continental, other]
What elevation band? [alpine, treeline, be-
low treeline, arctic]

What position in avalanche terrain was the
group or individual? [e.g. top sz, mid sz,
top track, mid track, top runout, mid
runout, toe of runout, not in distinct ava-
lanche path, steep trees, etc].

Was the group moving or stationary (i.e.
skis off)?

What form of instruction occurred on the
previous day? [e.g it was first day of the
course, classroom, previous day was a
field day]

Were there and if so please describe the
travel objectives for the field session?
Were there and if so please describe the
learning objectives for the field session?
Were there and if so please describe the
experience / skill practice objectives for
the field session?

What was the situation (i.e. the group size,
structure & control)? [ e.g. 2 instructors
leading 6 students each]

How was the avalanche hazard evaluat-
ed? [e.g. Procedural as in using Alaska
Mountain Safety Center Hazard Evalua-
tion Field Checklist, CAA Hazard & Risk
Evaluation Worksheet, regional danger
bulletin.] If other method, please provide a
brief description.

Are you reconstructing the event from field
book notes you kept?

What existing hazard or risk mitigations
were in place prior to the field session
(other than avalanche survival gear: trans-
ceiver, shovel, and probe)?

Did the mitigation methods in place have
an influence in your choice of terrain?
Would you expand on how these were
considered in making decisions?

Please describe how the potential scenar-
io resulting in risk or exposure to the haz-
ard was identified and communicated
within the group?
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22. In retrospect, what were the uncertainties
present? Which were identified /
acknowledged at the time? Which were
unforeseen?

23. Estimate the annual frequency and magni-
tude of avalanches at the location of the
group.

24. Please rank the role the following hazard
assessment or risk components played in
the event:

o Exposure time

Exposure location

Exposure # of people

Sensitivity to triggering

Spatial distribution of instability

Avalanche magnitude

Propagation

Compounding consequence [e.qg. ter-

rain trap]

e Uncertainty [e.g. weather, location fa-
miliarity]
e other

25. Please describe the uncertainty or other in
previous question.

26. Please add any narrative or insight you
feel is useful or important.
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