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1.2 Snow Avalanches

degrees steep. It is in this area where 
the avalanche debris decelerates 
and is deposited. However, the exact 
runout distance of an avalanche 
depends on the total amount of snow 
released and the specific terrain 
characteristics of the entire path. 
While avalanches typically do not 
release on densely forested slopes, 
they can run into forested terrain and 
destroy mature timber. This means 
that most mountainous terrain in 
BC with sufficient snowfall is either 
capable of producing avalanches or 
potentially threatened by avalanches 
from above. In addition to natural 
avalanche terrain, human-made 
structures such as roofs, dam faces, 
and steep cutbanks are also able to 
produce avalanches. 

People and assets located in 
avalanche paths can be damaged or 
destroyed by avalanches. Examples 
of threatened assets include 
occupied structures, transportation 
infrastructure including vehicles 
and occupants, critical energy or 
communication infrastructure, and 
natural resources and associated 
development infrastructure. In 
addition to these direct impacts, 
avalanches can also have secondary 
impacts. Examples include 
transportation or production delays 
as well as financial, legal, and 
reputational impacts. Short- and 
long-term psychological impacts 
from avalanche accidents have been 
documented but are not routinely 
monitored.2,3

ABOUT SNOW 
AVALANCHES

DESCRIPTION 

Snow avalanchesi are rapid, gravity-
driven mass movements of snow that 
start on slopes of sufficient steepness 
(Figure 1). Large avalanches can 
encompass more than 10,000 tonnes 
of snow and run for kilometres with 
speeds up to 200 km/h and impact 
pressures on the order of 1,000 kPa.1

Avalanche release is determined by 
complex interactions between terrain, 
the sequence of weather events that 
produced the local snowpack, current 
weather conditions, and the triggering 
mechanism. The most fundamental 
and constant indicators for assessing 
whether a slope with sufficient snow 
cover has the potential to release 
avalanches are slope incline and forest 
density. Avalanches typically require 
relatively open slopes steeper than 25 
degrees to start and accelerate, but 
the most common slope angles are 
between 30 degrees and 45 degrees. 
Once released, large avalanches travel 
downslope along the avalanche track 
until they reach the runout zone where 
the terrain is consistently less than 15 

i All mentions of the term “avalanches” in this 
article refer to snow avalanches.
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95% of the 458 avalanche fatalities 
in Canada involved backcountry 
recreationists, and 72% of these 
individuals perished in BC. At the 
time of this writing, an average of ten 
individuals are killed in avalanches in 
Canada every year and eight of them 
typically occur in BC. 

DRIVERS OF RISK 

The main anthropogenic driver of 
recent changes in avalanche risk is 
increased exposure to avalanche 
hazard. While there are no systematic 
observations of more people in 
uncontrolled (backcountry) terrain, 
indirect indicators (e.g., sales of 
backcountry recreation equipment) 
show that the popularity of winter 
backcountry recreation has increased 
tremendously over the last decades,7 
as have traffic volumes on mountain 
roads and highways. Natural 
resource extraction and associated 
infrastructure developments are also 
pushing further into mountainous 
terrain, and wildfires and construction 
activities such as deforestation, slope 
or rock cuts, or the construction of 
dam faces can create new avalanche 
terrain. At the same time, avalanche 
risk has been mitigated through 
improved avalanche planning, 
expanded public safety programs 
and resources, advances in avalanche 
safety and rescue equipment, 
tightened worker safety regulations 
and land-use policies, continued 
development and enrollment in 
training programs for recreationists 
and avalanche professionals, and 
advancements in understanding and 
forecasting of avalanche hazard.

unknowingly exposed themselves to 
the hazard.

Since 1970, the majority of avalanche 
fatalities have involved winter 
backcountry recreationists who 
voluntarily exposed themselves and 
accidentally triggered avalanches 
while travelling in mountainous 
terrain. The shift from industrial to 
recreational accidents was due to a 
combination of improved avalanche 
risk management in non-recreational 
settings (i.e., highways, railways, 
mines, developments, etc.) as well 
as the growing popularity of winter 
backcountry recreation. Most of 
these post-1970 accidents resulted in 
single or double fatalities, but larger, 
multi-casualty accidents have also 
occurred (e.g., Canadian Mountain 
Holidays Bay Street with nine fatalities 
on March 13, 1991; Connaught Creek 
with seven fatalities on February 1, 
2003; Harvey Pass with eight fatalities 
on December 28, 2008).6 Since 1981, 

AVALANCHE THREAT 
AND PAST EVENTS 

There has been a distinct evolution in 
the nature of avalanche accidents in 
BC.4 Prior to about 1970, avalanche 
accidents primarily involved 
transportation infrastructure, resource 
industries, or buildings. Examples 
of some of the most noteworthy 
accidents during that period include 
the railway accident on Rogers 
Pass on March 4, 1910 (58 railway 
workers killed), the Granduc Mine 
accident on February 18, 1965 (26 
mine workers killed), and the North 
Route Café accident on Highway 16 
west of Terrace on January 22, 1974 
(seven stranded motorists killed).5 All 
of these accidents occurred during 
major winter storms that resulted 
in widespread avalanche activity. 
They caused substantial property 
damage and killed individuals 
who involuntarily and possibly 

Figure 1: An explosive controlled avalanche at the Galore Creek Project located in northwestern
British Columbia, Canada (Photo: Wayne Ball).
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manage residual risk after suitable 
long-term mitigation has been 
applied.9 In these cases, the focus is 
on assessing the current (e.g., daily) 
level of avalanche hazard to direct 
and implement short-term mitigation 
measures, such as temporary 
closures or the use of explosives to 
proactively trigger avalanches before 
or when they become threatening. 
Avalanche forecasters assess the 
nature and severity of the current 
hazard conditions based on a 
qualitative synthesis of available 
weather, snowpack and avalanche 
observations, and their knowledge 
of the local terrain. Forecasters 
address the natural uncertainty 
associated with observations with 
targeted sampling and by assimilating 
evidence incrementally over time. 
While deductive methods are used to 
analyze some data, the assessment 
process is dominated by inductive and 
abductive logic and uses experience-
based heuristics. The Conceptual 
Model of Avalanche Hazard (Figure 
2) describes the essence of the 
qualitative forecasting process as a 

surveys including tree-ring analysis.ii 
This direct evidence is complemented 
with the output from numerical 
avalanche models, which estimate 
the maximum runout distance and 
simulate the flow characteristics of 
potential avalanches. Estimates of 
frequency and magnitude are then 
combined with estimates of the 
exposure and vulnerability of the 
assets to determine the risk level.

OPERATIONAL AVALANCHE 
FORECASTING

Operational avalanche forecasting is 
used in situations where permanent 
protection from avalanches is 
either impractical (e.g., for mobile 
assets such as backcountry users) 
or economically not meaningful 
(e.g., too expensive for the given 
exposure, such as on roads with 
low traffic volume), or it is used to 

ii Tree-ring analyses aim to estimate return periods 
for destructive avalanches by estimating the age of 
growing trees and the age of trees that were felled 
by avalanches as well as identifying and dating 
damage to trees inflicted by avalanches (e.g., 
scaring, tilting, decapitation).

UNDERSTANDING 
RISK

WHAT SOURCES 
HELP US 
UNDERSTAND 
HAZARD AND RISK 

Avalanche risk is the probability 
or chance of harm resulting from 
interactions between avalanche 
hazard and specific assets, and it is 
determined by the exposure of those 
assets and their vulnerability to the 
hazard.8 To describe how avalanche 
hazard and risk are assessed, it is best 
to distinguish between long-term 
avalanche planning and short-term 
operational avalanche forecasting 
as they use distinct techniques and 
information sources. However, in both 
contexts, the risk assessment process 
consists of identification, analysis, and 
evaluation. 

AVALANCHE PLANNING

Avalanche planning aims to assess 
the long-term potential for avalanches 
to impact a specific asset at a defined 
location. After confirming that the 
location of interest is threatened 
by avalanches based on a basic 
terrain and snow supply analysis, 
the risk analysis process starts with 
estimating the local return periods 
for avalanches and their destructive 
potential. Methods for determining 
long-term avalanche hazard include 
analysis of historic avalanche records 
and identification of vegetation 
damage through analysis of air photos 
and satellite imagery as well as field Figure 2: Conceptual Model of Avalanche Hazard used for day-to-day operational avalanche 

forecasting. Avalanche hazard is often represented as a range of values for both likelihood of 
avalanche and destructive size, representing variability and uncertainty.
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expertise when investigating fatal 
avalanche accidents. Since there 
is no legal requirement to report 
or investigate non-fatal avalanche 
accidents, the available avalanche 
accident information primarily focuses 
on fatalities for which reliable records 
exist. While these reports provide 
insightful case studies, the lack of 
dependable exposure information 
(i.e., the number of recreationists who 
use the backcountry every winter) 
prevents the calculation of meaningful 
accident rates. An exception is the 
mechanized skiing industry, where 
the number of skier days has been 
recorded systematically since the 
1970s.11 Information on other impacts 
of avalanches (e.g., property damage, 
economic impact of road closures) is 
currently not collected systematically.

CURRENT PRACTICE 
IN HAZARD AND RISK 
ASSESSMENT 

Since the early 1980s, the Canadian 
Avalanche Association has published 
guidelines and standards that have 
shaped how avalanche hazard and 
risk is assessed and mitigated in BC. 
The most recent editions of these 
documents include Technical Aspects 
of Snow Avalanche Risk Management – 
Resources and Guidelines for Avalanche 
Practitioners in Canada (TASARM)12 
and Observation Guidelines and 
Recording Standards for Weather, 
Snowpack and Avalanches (OGRS).13 
The TASARM document provides 
a comprehensive overview of best 
practices in the technical aspects 
of snow avalanche hazard and risk 
assessment and mitigation and 
suggests guidelines for acceptable 

PUBLIC AVALANCHE 
WARNING SERVICES

Public avalanche warning services are 
special types of avalanche forecasting 
programs that inform the general 
public about current avalanche 
conditions and help self-directed 
winter recreationists make informed 
decisions about when and where to 
travel in the backcountry. Agencies 
involved in public avalanche safety 
in BC include Avalanche Canada, 
a non-government, not-for-profit 
organization dedicated to public 
avalanche safety, and Parks Canada. 
Together, these agencies publish daily 
avalanche hazard forecast bulletins 
for approximately twenty regions 
that range in size from roughly 1,000 
km2 to more than 50,000 km2. While 
smaller forecast regions are field-
based, where forecasters go into the 
field to collect their own observations 
for writing the forecast (e.g., Glacier 
National Park), the programs for larger 
forecast regions are typically office-
based, where forecasters primarily 
rely on observations collected 
and shared by others (e.g., InfoEx, 
Mountain Information Network, 
dedicated field teams) and the 
conditions are assessed remotely. This 
is currently the approach for most 
Avalanche Canada forecast regions. 

While Avalanche Canada maintains 
an avalanche incident database 
that is searchable by the public, it 
does not have an official mandate 
to investigate avalanche accidents. 
However, Avalanche Canada and the 
Canadian Avalanche Association 
assist the BC Coroners Service to 
ensure it has the necessary avalanche 

systematic workflow that answers 
four sequential questions: 1) What 
type of avalanche problem exists? 2) 
Where are these problems located 
in the terrain? 3) How likely is it that 
avalanches will occur? and 4) How 
big will these avalanches be?10

Operational avalanche forecasting 
programs are common in BC and 
exist in many different contexts. 
Examples include mountain highway 
passes and railway lines, mine and 
construction sites with associated 
access roads, winter backcountry 
recreation operations, and ski areas. 
In most circumstances, the avalanche 
risk is assessed and managed 
in situ by a team of avalanche 
safety professionals who collect 
detailed weather, snowpack and 
avalanche observations to assess 
the local conditions throughout 
the winter season. To ensure a 
high degree of awareness about 
developing conditions, avalanche 
safety operations in BC share their 
observations and assessments via 
InfoEx, a private and confidential 
information exchange managed by 
the Canadian Avalanche Association. 
In addition, avalanche forecasting 
programs utilize remote automated 
weather stations and mountain 
weather forecasts. Numerical 
snowpack models that simulate 
the evolution of the seasonal snow 
cover can be used as an additional 
information source in areas that are 
otherwise data sparse.
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relocation is not an option, then 
engineered avalanche protection 
is considered. Currently, avalanche 
hazard zoning in BC is conducted 
on a case-by-case basis for new 
developments with updated hazard 
zone mapping, using modern methods 
for some communities with existing 
zoning (e.g., Stewart and Fernie). 

INVOLUNTARY RISK 
EXPOSURE

Actions taken to reduce risk 
to facilities, infrastructure, and 
individuals who involuntary expose 
themselves to avalanche risk are 
typically a combination of long-term 
planning and short-term operational 
avalanche risk management. While 
regulatory standards for worker and 
public safety are well defined (see 
Table 1), risk acceptance benchmarks 
for non-human assets are context 
dependent and typically defined by 
the risk owner based on a mitigation 
cost-benefit analysis that aims to 
reduce the residual risk to “as low 
as reasonably practical” (ALARP). 
Location planning (i.e., considering 
avalanche hazard when evaluating 
location options) is often the first step 
taken to reduce risk to fixed facilities 
or infrastructure. Avalanche hazard 
zoning, with associated bylaws and 
access policies, is typically used to 
restrict development of occupied 
structures in avalanche areas. If 

risk and typical assessment processes 
and mitigation options. The risk 
management concepts presented 
in TASARM are firmly grounded in 
the International Organization for 
Standardization risk management 
standard known as ISO 31000 
Risk Management — Principles and 
Guidelines.14 The OGRS document 
describes the terminology, techniques, 
and data codes for making and 
recording avalanche, snowpack, and 
mountain weather observations. This 
long history of standard documents 
has resulted in a high degree of 
harmonization in the data collection 
procedures and hazard and risk 
assessment practices and has been 
crucial for the industry-wide exchange 
of avalanche safety information in 
Canada.

REDUCING RISK

PRACTICE AND 
CAPABILITIES

Avalanche risk mitigation (or risk 
acceptance) decisions are always 
based on a risk evaluation where 
the assessed risk level is compared 
against risk acceptance levels. 
These evaluations and the resulting 
avalanche risk reduction practice, 
policy, and capabilities depend heavily 
on context. Most approaches focus 
on managing exposure to the existing 
hazard, while approaches that modify 
the hazard (e.g., avalanche control) 
or decrease the vulnerability of assets 
(e.g., avalanche rescue training and 
equipment) are typically of secondary 
importance.

This long history of 
standard documents 
has resulted in 
a high degree of 
harmonization in 
the data collection 
procedures and 
hazard and risk 
assessment practices 
and has been crucial 
for the industry-
wide exchange of 
avalanche safety 
information in 
Canada.

Figure 3: Canyon and truck (Photo: Mark Austin).
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characterizations. 

EVOLUTION OF PRACTICE

The evolution of avalanche safety 
practices in BC and Canada has 
largely been driven by practice reviews 
and recommendations following fatal 
accidents. The standard for avalanche 
safety on highways, for example, was 
shaped considerably by the North 
Route Café accident on Highway 16 in 
1974, which resulted in the formation 
of the BC Ministry of Transportation 
and Infrastructure’s Avalanche 
Program and associated regulations 
for occupied structures, as well as the 
Five Mountain Parks Highway Avalanche 
Study commissioned by Parks Canada 
in 1993.16 The recommendations in 
a BC Coroners Service report that 
examined a fatal heli-skiing avalanche 
accident that killed seven skiers in 
1979 were the initial impetus for 
creation of InfoEx.17 

route finding, group management, 
and avalanche rescue equipment 
(e.g., avalanche transceivers, probes, 
shovels, air bags) as a last resort. 
Most actions taken to reduce risk are 
short-term measures that are applied 
on a day-to-day basis. This includes 
using up-to-date avalanche condition 
information when planning trips, 
continuously monitoring conditions 
when in the field, choosing terrain that 
matches risk tolerances, and following 
safe travel practices (e.g., spreading 
out and only exposing one person at 
a time).

INFRASTRUCTURE, 
TECHNOLOGY, AND TOOLS

Existing infrastructure, technology and 
tools that support the management of 
avalanche risk in all contexts include 
information exchange platforms 
such as Canadian Avalanche 
Association’s InfoEx (avalanche 
professionals only), Association of 
Canadian Mountain Guides’ Mountain 
Conditions Report (information 
from avalanche professionals that is 
publicly available), and Avalanche 
Canada’s Mountain Information 
Network (public information) 
where avalanche professionals and 
recreationists can share information 
about current avalanche conditions. In 
addition, several networks of remote 
automated weather stations provide 
real-time weather data that are used 
extensively by professional avalanche 
forecasters and self-directed 
recreationists for assessing current 
avalanche conditions, and historical 
weather data from these networks 
are used by avalanche consultants 
and researchers for climate 

If these protection measures cannot 
reduce the risk to an acceptable level 
or are economically not feasible, 
seasonal closures are considered 
except in situations where long 
closures are unacceptable (e.g., 
highways, ski areas, active work sites). 
In these circumstances, avalanche 
professionals will use short-term risk 
reduction actions (e.g., temporarily 
restricting access to exposed areas 
during periods of elevated hazard) 
based on operational avalanche 
forecasting. In industrial situations 
where the threat from avalanches 
is infrequent and relatively low, risk 
reduction actions have also been 
based on regional hazard assessments 
published in public avalanche 
bulletins. Risk management at work 
sites typically includes avalanche 
safety training and rescue equipment 
for workers with ongoing avalanche 
hazard assessment by an avalanche 
professional. If deemed cost-effective, 
artificial avalanche triggering (e.g., 
explosive avalanche control) can be 
used to proactively reduce the hazard 
and minimize closure times.

VOLUNTARY RISK 
EXPOSURE

While the responsibility for the 
risk assessment and mitigation 
actions in the above contexts resides 
with avalanche professionals and 
ultimately the risk owner, avalanche 
risk management practices for 
self-directed backcountry recreation 
depends on the initiative and self-
reliance of the involved public.15 Key 
components of backcountry avalanche 
safety include recreational avalanche 
safety training, detailed trip planning, 

The evolution of 
avalanche safety 
practices in BC and 
Canada has largely 
been driven by 
practice reviews and 
recommendations 
following fatal 
accidents. 

In terms of public avalanche safety, 
the Parks Canada Backcountry 
Avalanche Risk Review18 that examined 
the 2003 Connaught Creek avalanche 
accident where seven high school 
students were killed, led to the 
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principles and research from other 
mountain regions26 offer valuable 
insight. At lower elevations close to 
the freezing level, we expect that 
rising temperatures will result in a 
substantially reduced and eventually 
disappearing snowpack. While this 
will cause avalanche initiation to 
ultimately cease at these elevations in 
the long term, we might see a higher 
prevalence of wet snow avalanches 
during the transition period and the 
occasional winters with sufficient 
snow. Furthermore, avalanches can 
start above and threaten areas below 
with little or no snow on the ground 

Table 1 lists general or specific 
organizations involved in avalanche 
risk management with any associated 
legal mandates and current roles and 
key programs.

CLIMATE IMPACTS

Due to the tight link between weather 
and avalanche hazard, it is reasonable 
to expect that climate change will 
have a substantial impact on the 
nature of avalanche activity in BC. 
Direct research on the effect of 
climate change on avalanche hazard 
in BC is limited,24, 25 but snow science 

establishment of a national centre 
for public avalanche safety, now 
known as Avalanche Canada, as 
well as the development of new 
public backcountry avalanche safety 
tools such as the Avalanche Terrain 
Exposure Scale19 and the Avaluator.20 
Similarly, BC Coroner Service 
responded to the record number of 
mountain snowmobiling fatalities in 
2009 with a rare death review panel, 
whose recommendations21 provided 
a roadmap for enhancing public 
avalanche safety initiatives in BC and 
mobilized increased funding from 
local, provincial, and federal sources.

Table 1: Organizations involved in avalanche risk management 22 23
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and accurately model the runout 
of extreme avalanches. In addition, 
the lack of mountain range–specific 
calibrations for numerical avalanche 
dynamic models further limits their 
effective use in BC. Addressing 
this data gap would allow for more 
detailed and widespread avalanche 
terrain mapping across all types of 
avalanche risk management contexts. 
This includes the computation of 
impact-based hazard maps for 
land-use planning and the use of 
automated algorithms to generate 
avalanche terrain exposure maps for 
recreationists. 

GAPS

While we judge the level of 
understanding of avalanche risk in BC 
to be relatively high, there are several 
gaps in the available information and 
knowledge that prevent the risk from 
avalanches in BC from being managed 
more effectively. 

Since avalanche hazard is spatially 
and temporally highly variable, one of 
the most significant limiting factors 
for accurate and timely avalanche 
forecasts is the general sparsity of 
high-quality weather, snowpack, and 
avalanche observations across much 
of BC’s mountain ranges. While the 
use of numerical snowpack models 
can partially address the lack of direct 
observations, these simulations rely 
on accurate weather forecasts.29 
Possible approaches for addressing 
this issue include developing 
better precipitation forecasts, 
expanding the existing network of 
high-elevation weather observation 
sites, and providing ongoing support 
for research on how to best use 
snowpack modelling and advance 
satellite-based remote detection of 
avalanche deposits.30, 31

Another significant limiting factor 
for using existing avalanche planning 
practices to their full potential is 
the lack of high-resolution, publicly 
available terrain and forest cover 
datasets. Existing research highlights 
that digital elevation models and 
landcover information with a spatial 
resolution of at least 10 m is necessary 
to reliably identify potential release 
zones using GIS algorithms32, 33 

(i.e., there can be an av hazard in 
areas with no snow). At higher 
elevations where snow remains 
abundant, changes in avalanche 
hazard will primarily be determined 
by how climate change will affect 
the intensity and sequence of winter 
weather events that determine the 
nature and severity of avalanche 
conditions.

Since long-term avalanche risk 
management planning relies heavily 
on historical weather, snowpack, 
and avalanche occurrence data, 
climate change adds considerable 
uncertainty to predicting future 
avalanche hazard characteristics, 
such as long-term frequency and 
magnitude relationships and extreme 
runout extent. To account for this 
increased uncertainty, avalanche 
professionals typically use a factor of 
safety when planning avalanche risk 
mitigation measures.27 Since day-to-
day operational avalanche forecasting 
decisions are based on the weather 
and not long-term climate trends, 
climate change is not expected to 
overly affect existing risk management 
approaches. However, higher year-
to-year variability in conditions 
will result in more unusual winters 
that make judgements informed by 
previous experiences less reliable. 
Furthermore, more common extreme 
weather events may result in more 
frequent extreme avalanche cycles 
that have the potential to overwhelm 
the existing mitigation practices and 
emergency response plans.28 

A significant limiting 
factor for using 
existing avalanche 
planning practices 
to their full potential 
is the lack of high-
resolution, publicly 
available terrain and 
forest cover datasets.  

With respect to public avalanche 
forecasting, the large size of many 
forecast areas naturally limits the 
precision and amount of detail that 
can be included in avalanche bulletins. 
Hence, having the resources to 
decrease the size of forecast regions 
or temporarily adjust their boundaries 
would allow bulletins to be more 
specific. However, avalanche bulletins 
describing the existing hazard 
conditions need to be complemented 
with terrain guidance products to 
provide recreationists with tangible 
advice on what type of terrain choices 
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isolated for extended periods of 
time.38 Targeted interagency disaster 
planning is necessary for responding 
to such a disaster in a meaningful way.

OPPORTUNITY

RECOMMENDATIONS 

Avalanche safety in BC has largely 
been a success story, yet there are 
many opportunities to improve the 
system. While the gaps described 
in the previous section primarily 
relate to information and knowledge 
challenges, the recommendations 
listed in Table 2 target higher-level 
systems improvements.

Though the lack of well-grounded 
understanding of the effect of climate 
change on future avalanche conditions 
adds substantial uncertainty to 
existing practices and thresholds, we 
perceive a more significant climate 
change vulnerability: the lack of 
coordinated disaster planning for 
large-scale avalanche cycles (i.e., 
intense avalanche activity across 
substantial parts of BC for multiple 
days in a row) coming from the more 
frequent occurrence of extreme 
weather. Large-scale avalanche 
cycles would result in widespread 
avalanche activity running beyond 
historic paths, multi-day closures of 
every transportation corridor in the 
province, disruption of critical power 
transmission lines, and communities 

are appropriate under different types 
of hazard conditions.34 To design 
these types of products in an informed 
way, a better understanding of the 
desires, needs, existing capabilities, 
and expectations of the increasingly 
diverse backcountry community 
is required. While there have been 
several exploratory research projects 
on this topic,35, 36 more work is 
needed to better understand the 
users and design a more inclusive 
and integrated avalanche awareness 
education system. And while the lack 
of accurate information on trends in 
backcountry recreationists prevent 
the calculation of accident rates, a 
meaningful collection of backcountry 
use numbers across BC is challenging 
and likely extremely costly.37

Table 2: Recommendations
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considerably from approaches 
taken for managing other natural 
hazards, such as where government 
agencies play a more central role 
in the collection and interpretation 
of the hazard information and the 
dissemination of warning messages. 
Relying exclusively on not-for-profits 
and private businesses for the 
provision of these essential services 
for local economies comes with 
substantial societal risks. 

To enhance BC’s resilience to 
natural hazards, it is important 
that avalanche risk management 

THE CHALLENGE 

While the avalanche risk management 
safety systems in BC are well regarded 
around the world, it is important 
to point out that they suffer from a 
fundamental economic vulnerability 
that many decision makers might 
not be aware of. Avalanche Canada’s 
public avalanche bulletins and, by 
extension, InfoEx have been critical 
components of the WorkSafe 
BC–legislated avalanche safety plans 
of many businesses and government 
agencies. The provision of this critical 
information by not-for-profits differs 

strategies are considered at the same 
level as other natural hazards and 
included in the planning process for 
the economic development of the 
province. The first step to addressing 
this challenge is to raise awareness 
about the seriousness of avalanche 
hazard in BC and the vulnerability 
of the current safety systems. Once 
this awareness is established, key 
stakeholders should collaboratively 
investigate feasible long-term models 
to safeguard existing avalanche 
safety systems. Integrating avalanche 
risk management into a broader 
geohazard strategy might offer a 
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RESOURCES

1. Technical guidelines for planning and operational avalanche risk assessment 
and mitigation:

Canadian Avalanche Association. Technical Aspects of Snow Avalanche Risk 
Management - Resources and Guidelines for Avalanche Practitioners in 
Canada. Revelstoke, Canada: Canadian Avalanche Association, 2016. 
https://www.avalancheassociation.ca/resource/resmgr/standards_docs/
tasarm_english.pdf

2. A book outlining field and desktop methods for planning-level avalanche risk 
assessment and mapping:

Jamieson, Bruce. Planning Methods for Assessing and Mitigating Snow Avalanche 
Risk. Revelstoke, Canada: Canadian Avalanche Association, 2018.

3. Technical background material on avalanche formation and release, including 
forecasting and mitigation:

McClung, David, and Peter Schaerer. The Avalanche Handbook. 3 ed. Seattle, 
USA: The Mountaineers, 2006.

4. Summary and analysis of fatal avalanche accidents in Canada:

Stethem, Chris, and Peter Schaerer. Avalanche Accidents in Canada I - a Selection 
of Case Histories of Accidents, 1955 to 1976. NRCC Publication 18525. 
Ottawa, Canada: National Research Council of Canada, 1979.

Stethem, Chris, and Peter Schaerer. Avalanche Accidents in Canada II: A Selection 
of Case Histories of Accidents, 1943 to 1978. NRCC Publication 18525. 
National Research Council of Canada, 1980.

Schaerer, Peter. Avalanche Accidents in Canada III. A Selection of Case Histories 
1978-1984. NRCC Publication 27950. National Research Council of 
Canada, 1987.

Jamieson, Bruce, and Torsten Geldsetzer. Avalanche Accidents in Canada, Volume 
4, 1984-1996. Revelstoke, BC, Canada: Canadian Avalanche Association, 
1996.

Jamieson, Bruce, Pascal Haegeli, and David Gauthier. Avalanche Accidents in 
Canada, Volume 5, 1996-2007. Vol. 5, Revelstoke, Canada: Canadian 
Avalanche Association, 2010.

promising pathway for improving 
the sustainability of the existing 
safety system and strengthening BC’s 
avalanche risk resilience.

To enhance BC’s 
resilience to 
natural hazards, 
it is important 
that avalanche 
risk management 
strategies are 
considered at the 
same level as other 
natural hazards 
and included in the 
planning process 
for the economic 
development of the 
province.   

https://www.avalancheassociation.ca/resource/resmgr/standards_docs/tasarm_english.pdf
https://www.avalancheassociation.ca/resource/resmgr/standards_docs/tasarm_english.pdf
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5. Freely available online avalanche tutorial for backcountry recreationists:

Avalanche Canada. “Avy Savvy - Avalanche Canada’s Online Avalanche Tutorial.” 
https://avysavvy.avalanche.ca/en-ca.

ENDNOTES 
1 Peter Gauer, Dieter Issler, Karstein Lied, Krister Kristensen and Frode Sandersen, “On Snow 
Avalanche Flow Regimes: Inferences from Observations and Measurements,” International Snow 
Science Workshop, 7 (Whistler, Canada: 2008).

2 Nathalia Dolan and Christopher Tedeschi, “A Qualitative Study of Psychological Outcomes in 
Avalanche First Responders,” High Altitude Medicine & Biology 19, no. 4 (2008).

3 Bjørn Helge Johnsen, Jarle Eid, Terje Løvstad and Leif Tore Michelsen, “Posttraumatic Stress 
Symptoms in Nonexposed, Victims, and Spontaneous Rescuers after an Avalanche,” Journal of 
Traumatic Stress 10, no. 1 (1997): 8.

4 Bruce Jamieson and Chris Stethem, “Snow Avalanche Hazards and Management in Canada: 
Challenges and Progress,” Natural Hazards 26, no. 1 (2002): 19.

5 Chris Stethem and Peter Schaerer, Avalanche Accidents in Canada I - a Selection of Case Histories 
of Accidents, 1955 to 1976, Nrcc Publication 18525, Ottawa, Canada: National Research Council of 
Canada, 1979.

6 Bruce Jamieson, Pascal Haegeli and David Gauthier, Avalanche Accidents in Canada, Volume 5, 1996-
2007, Vol. 5 (Revelstoke, Canada: Canadian Avalanche Association, 2010).

7 Avalanche Canada, 2020-21 Annual Report (Revelstoke, Canada: Avalanche Canada, 2021), accessed 
March 17, 2022, https://issuu.com/avalancheca/docs/ac_2021_annual_report

8 Grant Statham, “Avalanche Hazard, Danger, and Risk - a Practical Explanation,” International Snow 
Science Workshop, Whistler, BC, Canada, 2008.

9 Ed LaChapelle, “The Fundamental Processes in Conventional Avalanche Forecasting,” Journal of 
Glaciology 26, no. 94 (1980): 10.

10 Grant Statham, Pascal Haegeli, Ethan Greene, Karl Birkeland, Clair Israelson, Bruce Tremper, Chris 
Stethem, et al, “The Conceptual Model of Avalanche Hazard,” Natural Hazards 90, no. 2 (2018): 28.

11 Matthias Walcher, Pascal Haegeli and Sven Fuchs, “Risk of Death and Major Injury from Natural 
Winter Hazards in Helicopter and Snowcat Skiing in Canada,” Wilderness & Environmental Medicine 30, 
no. 3 (2019): 9.

12 Canadian Avalanche Association, Technical Aspects of Snow Avalanche Risk Management - Resources 
and Guidelines for Avalanche Practitioners in Canada, Revelstoke, Canada.: Canadian Avalanche 
Association, 2016.

13 Canadian Avalanche Association, Observation Guidelines and Recording Standards for Weather 
Snowpack and Avalanches, Revelstoke, Canada: Canadian Avalanche Association, 2016.

14 Canadian Standards Association, Iso 31000: Risk Management — Principles and Guidelines, Vol. CAN/
CSA-ISO 31000-10, 2010.

15 Parks Canada, “National Directive on Visitor Safety,” Government of Canada, 2012.

16 Chris Stethem, Peter Schaerer, Bruce Jamieson and Jason Edworthy. “Five Mountain Parks Highway 
Avalanche Study,” Canadian Parks Service (Parks Canada), 1993.

17 Canadian Avalanche Association, “InfoEx - Industry Standard for an Extraordinary Industry,” 
accessed March 17, 2022, https://www.avalancheassociation.ca/general/custom.asp?page=infoex

https://avysavvy.avalanche.ca/en-ca
https://issuu.com/avalancheca/docs/ac_2021_annual_report
https://www.avalancheassociation.ca/general/custom.asp?page=infoex


15

1.2 Snow Avalanches

18 Parks Canada, “Parks Canada Backcountry Avalanche Risk Review - Report of the Independent 
Panel,” 2003.

19 Grant Statham, Bruce McMahon, and Ian Tomm, “The Avalanche Terrain Exposure Scale,” In 
International Snow Science Workshop, 7, Telluride, USA, 2006.

20 Avalanche Canada, “Avaluator V2.0 - Avalanche Accident Prevention Card,” Avalanche Canada. 
Revelstoke, Canada, 2010.

21 BC Coroners Service, “Findings and Recommendations of a Death Review Panel Convened to 
Examine Winter 2008—2009 Avalanche Related Deaths Involving Snowmobile Operators,” 2009.

22 Worksafe BC, “Occupational Health and Safety Regulation 4.1.1. & 4.1.2,” 2014, accessed March 
17, 2022, https://www.worksafebc.com/en/law-policy/occupational-health-safety/searchable-ohs-
regulation/ohs-regulation

23 Government of British Columbia, “BC Mines Health, Safety and Reclamation Code,” 2021, accessed 
March 17, 2022, https://www2.gov.bc.ca/gov/content/industry/mineral-exploration-mining/health-
safety/health-safety-and-reclamation-code-for-mines-in-british-columbia

24 Jordy Hendrikx, Alan Jones, Chris Argue, Ryan Buhler, Bruce Jamieson, and Jeff Goodrich, “The 
Potential Impacts of Climate Change on Snow Avalanche Hazards on the Trans-Canada Highway 
in Glacier National Park,” In XVI World Winter Service and Road Resilience Congress, Calgary, Canada, 
2022.

25 Sascha Bellaire, Bruce Jamieson, Scott Thumlert, Jeff Goodrich, and Grant Statham, “Analysis of 
Long-Term Weather, Snow and Avalanche Data at Glacier National Park, B.C., Canada,” Cold Regions 
Science and Technology 121 (2016): 7.

26 R. Hock, G. Rasul, C. Adler, B. Cáceres, S. Gruber, Y. Hirabayashi, S. Jackson, et al, “High Mountain 
Areas,” In IPCC Special Report on the Ocean and Cryosphere in a Changing Climate, edited by H. O. 
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