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1. Introduction
In Canada, snow avalanches affect ski resorts
(Fig. 1.1), roads, railways, power lines,
communication lines, forests, backcountry
recreationists, residential areas and industrial facilities.
Large avalanches can reach speeds in excess of 200
kilometres per hour, run out hundreds of metres onto
a valley bottom, and destroy forests and reinforced
concrete structures. Annually, snow avalanches in
Canada result in an average of 12 fatalities and direct
costs of more than CAD$5 million (Jamieson and
Stethem, 2002). While most of the fatalities involve
personal recreation on public land, most of the direct
and indirect costs associated with snow avalanches
and some fatalities can be reduced by recognizing,
mapping and mitigating the hazards to fixed facilities
and operations.
This guide is intended to assist land managers in
Canada and their consultants with recognizing and
mitigating potential snow avalanche hazards that
might affect existing or proposed fixed operations and
facilities in their jurisdiction. Such facilities and fixed
operations include:
• Corridors for transportation, energy or communication.
• Temporarily occupied structures, industrial plants
and mine facilities.
• Work sites such as construction projects and forest
harvest operations.
• Commercial backcountry recreational operations.
• Ski areas and the associated lifts and buildings.
• Residential and permanently occupied structures.

Figure 1.1 Avalanche damage to a ski lift near Fernie,
BC, 13 February 1979. Rick Schroeder photo.

While this guide is intended for land managers, a
companion volume entitled Guidelines for Snow
Avalanche Risk Determination and Mapping in
Canada (Canadian Avalanche Association, 2002)
provides the technical reference for avalanche
consultants and others interested in a definitive
statement of the guidelines.
The recognition, mapping and mitigation methods
described in this guide are intended to reduce
avalanche risk to an acceptable level. While risk may
sometimes be eliminated, often it is only reduced.
Experience in Canada and Europe shows that return
periods, impact pressures and avalanche runouts
can be estimated but not predicted with precision.
Consequently, the levels of risk predicted at any
site are only approximate. However, for residential
avalanche zoning, risk levels recommended in this
guide are similar to those used in Switzerland, where
there is a long history of effective risk reduction.
A transportation corridor is one example of land
use that may be affected by snow avalanches and
mitigated by methods described in this guide.
Consider Highway 3 in BC across the divide of the
Selkirk Mountains at Kootenay Pass. Prior to 1970 a
number of vehicles were damaged by avalanches, and
in 1976 three people were killed when an avalanche
hit their moving vehicle. Later in 1976 the avalanche
paths were mapped and the active avalanche control
program was enhanced. This program was upgraded
over the years as traffic volume increased. There are
costs associated with highway closures, the forecasting
and control program and earthworks, but there have
been no avalanche fatalities on the road since 1976.
Snow avalanche risk to forests, existing facilities,
transportation corridors, community water supplies,
and fish-bearing streams may increase by harvesting
forests on the slopes above. In 1994, an avalanche
started in a harvested block (cutblock) and ran into
Airy Creek, BC threatening a community water
supply (Jordan, 1994). In 1996, an avalanche in Nagle
Creek, BC started in a cut block (Bay, 1996) and
caused an estimated CAD$400 000 damage to the
forest below (Fig. 1.2). McClung (2001) estimates
that avalanches have affected approximately 10 000
different cutblocks in BC. This guide, Guidelines for
Snow Avalanche Risk Determination and Mapping
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in Canada (Canadian Avalanche Association, 2002)
and Weir (2002) propose methods to identify and
map potential avalanche hazards to forests caused by
harvesting, so harvest plans may be modified and the
risk reduced to an acceptable level.
Snow avalanches can threaten residential areas
(Fig. 1.3). Since 1950, there have been six fatal
avalanches and 31 fatalities in and near residential or
public buildings in Canada (Stethem and Schaerer,
1979, p. 89-93; Stethem and Schaerer, 1980, p. 19-23;
Schaerer, 1987, p. 14-15; Jamieson and Geldsetzer,
1996, p. 171-172, 178-179; Government of Quebec,
2000). Three of these avalanches and 16 of the
fatalities occurred in Quebec and Newfoundland,
clearly indicating that avalanche problems are not
confined to western Canada.
These incidents occurred in areas where no avalanche
zoning (designation of land use that satisfies
legislation, regulations or jurisdictional policies)
had been applied. No fatalities have occurred in
subdivisions zoned for avalanche hazard or risk. This
suggests that avalanche hazard zoning methods have
been successful.
In Canada, there are few applicable regulations or
laws to guide land managers with decisions about
avalanche risk. As a consequence, local policies−

Figure 1.3 Avalanche damage to school at Village
of Kangiqsualujjuaq, Quebec, 1 January 1999. Nine
people were killed and twenty-five were injured when
the avalanche struck the school during a New Year’s
Eve celebration. Bruce Jamieson photo.
notably policies for residential zoning-vary between
jurisdictions and do not exist in some jurisdictions
with snow avalanche problems. To remedy this,
the Canadian Avalanche Association has reviewed
Canadian and international practice and developed
recommendations for acceptable avalanche risk
in Canada (Guidelines for Snow Avalanche Risk
Determination and Mapping in Canada, Section 5).
Ideally, these recommendations will be incorporated in
the regulations and legislation of various jurisdictions
and organizations across Canada.

Figure 1.4 Avalanche damage to a parked truck in
northern Quebec. Bruce Jamieson photo.

Figure 1.2 Avalanche that started in cutblock and
damaged forest below. Nagle Creek, BC, 14 March
1996. Jim Bay photo.
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2. Definitions
Snow avalanche
A volume of snow, usually more than several cubic
metres, moved by gravity at perceptible speed. Snow
avalanches may contain rock, broken trees, soil, ice or
other material.
Avalanche path
A site where individual avalanches start, run and stop.
Paths consist of three parts: a starting zone, a track and
a runout zone (Fig. 2.1).
Starting zone
The part of an avalanche path where snow fails and
begins to move down slope (Fig. 2.1). Usually the
slope angle in the starting zone exceeds 25° (47%).
Small avalanches may stop in the starting zone.
Track
The part of an avalanche path that connects the
starting zone with the runout zone (Fig. 2.1). In the
track, large avalanches move with approximately
constant speed. Usually the slope angle in the track
is 15° to 30° (27% to 58%). Secondary starting zones
may also be present and small avalanches may stop in
the track.
Runout zone
The part of an avalanche path where large avalanches
decelerate rapidly and stop (Fig. 2.1). On large
avalanche paths the slope angle is usually less than 15°
(27%) in the runout zone.
Slab avalanche
An avalanche in which a plate or slab of cohesive
snow begins to move as a unit before breaking up (Fig.
2.2). Most large and long-running avalanches start as
slab avalanches.
Crown fracture (also called fracture line or crown)
Slab avalanches leave a distinct step in the snowpack
where they fracture at the upper boundary of the slab
(Fig. 2.2).
Loose snow avalanche
An avalanche in which a small volume (< 1 m3) of
low-cohesion snow fails and begins to move down
slope, setting additional snow in motion and forming
an inverted V-shape on the slope (Fig. 2.3). Also called
a point release avalanche. Dry loose snow avalanches

Figure 2.1 An avalanche path with distinct lateral
boundaries. The perimeter of avalanche paths are
commonly marked in avalanche atlases. Chris Stethem
photo.
are usually but not always small. Wet loose snow
avalanches can be small or large.
Dry snow avalanche
Dry snow avalanches—no liquid water between
particles—usually run faster and farther than wet snow
avalanches in the same path and tend to overrun minor
terrain features. Avalanches can start in dry snow and
deposit as dry or wet snow farther down the slope.
Wet snow avalanche
Wet snow avalanches, which contain liquid water
between particles, usually move slower than dry snow
avalanches in the same path and tend to be channeled
and diverted by terrain features. On gentle slopes or
level terrain, wet snow avalanches may spread or split
into tongues, the directions of which are difficult to
predict. The runout zone may differ for dry and wet
avalanches and caution must be used in using past
events to determine potential runout.
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Figure 2.2 A slab avalanche. Bruce Jamieson photo.
Slush flows
Slush consists of snow that is soaked with water. Slush
flows start on gentle slopes, often 5° to 25°, where the
ground is poorly drained, and the supply of water is
abundant due to rain or snowmelt. Slush flows move
like liquid and can run onto level terrain (McClung
and Schaerer, 1993, p. 86-87). Slush flows are rare,
except in northern latitudes.
Dense flow
Most avalanches have a dense core flowing over
stationary snow or ground. The dense flow is the core
of the moving avalanche in which the density typically
exceeds 50 kg/m3. Except in gullies, this component
is usually less than 2-3 m thick. If there is both a
dense flow and a powder cloud, the dense flow usually
provides the greatest impact pressure.
Powder cloud
The low density component (3 to 15 kg/m3) that moves
above and often ahead of the dense flowing component.
Dry snow avalanches that exceed approximately

Figure 2.3 A loose snow avalanche. Bruce Jamieson
photo.
40 km/h usually produce a powder cloud (cover photo;
Fig. 2.4).
Natural hazard
A natural phenomenon with the potential to cause
death or losses, including adverse effects on health,
property and the environment.
Risk
The probability or chance of death or losses,
including adverse effects on health, property and the
environment (Canadian Standards Association, 1997).
Snow avalanche risk can be analyzed in terms of
avalanche frequency, the exposure of people, property
or environment and consequences of the avalanche on
the exposed elements.
Acceptable risk
The risk people generally accept for a specific
situation or site. This depends on factors such as
societal and cultural values, the number of people
exposed or value of property or environment at risk,
and whether the risk is voluntary or involuntary.
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Table 2.1. Canadian classification system for avalanche size (McClung and Schaerer, 1981)
Size
Destructive potential
Typical
Typical
Typical
(definition)
mass
path
impact
(t)
length
pressure
(m)
(kPa)
1
Relatively harmless to people.
<10
10
1
2
100
10
2
Could bury, injure or kill a person.
10
1000
100
3
Could bury a car, destroy a small building*,
103
or break a few trees.
2000
500
4
Could destroy a railway car, large truck,
104
several buildings or forest with an area up to
4 hectares (ha).
3000
1000
5
Largest snow avalanches known; could
105
destroy a village or forest up to 40 ha.
* e.g. a wood frame house
Return period

Impact pressure

The expected average time (usually in years) between
events (avalanches) reaching or exceeding a given
location in a specific avalanche path. For example, 10
avalanches with a 30-year return period are expected
within 300 years; the time between these avalanches
will vary considerably, even though the annual
probability of these avalanches is constant (1/30 per
year).

The avalanche force per unit area perpendicular
to a planar surface such as a wall. The pressure is
proportional to flow density and the square of flow
velocity.

Encounter probability
The probability of at least one avalanche reaching or
exceeding a location characterized by a return period
and in a finite waiting time.
Runout
The distance an avalanche travels in the runout zone,
often measured from the start of the runout zone or
from where the slope angle decreases to 10° (18%).

Design avalanche
An avalanche chosen for mitigation and design of
structural protection because of its return period and
characteristics such as mass, speed, flow depth and
runout. This is usually the largest avalanche for a
given return period.
Avalanche protection forest
A forested area that is designated as necessary to
prevent avalanches from starting and threatening
down-slope resources, transportation routes, structures
or other facilities.

Figure 2.4 The
powder cloud of a
dry avalanche hitting
a highway and approaching a powerline
at Bear Pass, BC. Sue
Gould photo.
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3. Recognition of potential avalanche problems
3.1 Introduction
This chapter summarizes evidence of avalanches to
help the land manager decide whether to initiate a
study of avalanche hazard or risk. Since the evidence
can be subtle and avalanche runout is difficult to
estimate, snow avalanche expertise should be sought if
there is doubt about the existence of avalanche hazard.
The flowchart (Fig. 3.1) outlines factors used to
recognize possible avalanche hazard. The remainder of
this chapter elaborates on these factors.
3.2 Oral and written history
Observed avalanches are the best evidence of a
potential problem. Observations provide important
information about dates, frequency, size and
sometimes runout. Additional information may be
written in newspapers, historical records, books

Reports
of
avalanches?
(Section 3.2)

Yes

No
Downslope
boundaries
visible in
vegetation?
(Section 3.3)

Yes

Sufficient
snow depth?
(Section 3.4)
Yes

No

Destructive
avalanches
not likely.

Slope angle
> 25 (47%)?
(Section 3.5)

3.3 Vegetation
While dense forest will often prevent avalanches from
starting, avalanches can start in and run through sparse
trees (Fig. 3.2). Consequently, damage to the forest on
a sufficiently steep slope may create a new avalanche
hazard.
The motion of avalanches often damages vegetation
such as trees and bushes, leaving clues—sometimes
for decades—about frequency, size and runout.
Boundaries between older vegetation and damaged
or younger vegetation (trim lines) can be obvious
(Fig. 2.1) or subtle (Fig. 3.2).
Factors that damage vegetation and obscure the
evidence of previous avalanches include fire, disease
or logging (for farming, grazing, lumber, pulp,
development, or transportation, communication
or energy corridors). Climate (cold or windy), sun
exposure, or ground conditions and soil moisture (rock,
permafrost or wetlands) may also limit vegetation.
3.4 Snow depth

No
No

or diaries, or captured by professional or personal
photographs. Residents of the area may recall past
avalanches, especially if people were injured or
property was damaged.

Yes

Avalanches may start.
Expert can estimate
frequency, magnitude and runout.

Figure 3.1 Flowchart outlining steps for recognizing
potential avalanche hazard.

Although loose snow avalanches can start in
shallow snow, large slab avalanchesusually
the concern when planning fixed facilities and
operationstypically require a threshold snow
depth of at least 50 centimetres greater than ground
roughness. For example, if many bushes and rocks on
a slope were 50 cm in height, then approximately 100
cm of snow would be required for a destructive slab
avalanche to start.
Critical snow depth is also related to the type and
duration of the fixed facility or operation. For a
logging operation expected to last one winter, the
maximum snow depth likely to occur in a 10-year
period may be relevant. For a residential area, the
maximum snow depth likely to occur in a 300year period would be more appropriate for making
decisions.
3.5 Terrain
The frequency and size of avalanches depends on
many characteristics of the starting zone including
slope angle and shape, size and features within the
starting zone, orientation to wind, and the presence,

Canadian Avalanche Association

7

Figure 3.2 Avalanche slope with trees. The spacing of trees on this slope will allow avalanches to start and run.
Although there are no distinct lateral boundaries to avalanche paths, the full width of this slope is capable of
producing destructive avalanches. Bruce Jamieson photo.
size and character of a fetch zone (source for windtransported snow). The slope angle of the starting zone
is the most important factor affecting frequency. The
vast majority of destructive avalanches start where the
slope angle exceeds 25° (47%). However, slush flows
can start on slopes that are less steep.
Large avalancheswhich are important for most landuse planning applicationsoften start on slopes of 25°
to 40° (47% to 84%). Avalanches on steeper slopes
tend to be smaller but more frequent.
Large avalanches usually decelerate on slopes of
less than 15° (27%). However, avalanches with
sufficient momentum can run onto the valley floor
and sometimes ascend the opposite side of the valley.
Methods for assessing runout are summarized in
Chapter 4.
While long avalanche paths are more easily
recognized, short avalanche paths are more often
overlooked. In Canada, from 1950 to 2000, 55% of
avalanche fatalities in or near residential or public
buildings occurred at the base of slopes less than 150
m in height (Fig. 3.3).

3.6 Establishing avalanche occurrence records with
list of observations
If the area under study is not accessible during the
winter, avalanche deposits are best observed in the
spring during the snowmelt. At that time, deposits
from large avalanches that occurred in the winter are
evident on the snow surface.
Information on avalanches that was obtained either
from oral or written history, or from observations
during or at the end of a winter, must be recorded.
Even estimates are useful when precise data are not
available. Records should include the following:
1. Date and time of occurrence.
2. Location of the avalanche path. The path may be
identified by name, road kilometre, power line
tower number, map coordinates, or by drainage,
aspect and elevation.
3. Location of the avalanche tip (for example: 35 m
in front of creek; on the railway track; 20 m below
Lift Tower 8). Sketches and photographs of the
deposit are useful.
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4. Length of road or railway covered.
5. Size classification (Table 2.1).
6. Liquid water content of deposited snow (dry or wet)
and contamination with trees, rocks or soil.
7. Damage to forest and structures.

8. The following observations at the starting zone, if
practical to obtain:
a) Slab boundaries
b) Trigger (for example, natural, explosive, skier).
c) Position of sliding surface within the snow pack
(for example, in recent snowfall, in old snow,
on the ground).
d) Height and width of a slab avalanche fracture
line.

Figure 3.3 Short slope above the Battery in St. John’s, Newfoundland. The avalanche hazard on short slopes
can be underestimated especially if sufficient snow for destructive avalanches only accumulates infrequently. In
1959, an avalanche from this slope killed five people, injured nine and damaged or destroyed two houses. Structures built on the slope in 1998 will reduce rockfall and avalanche hazards. Bruce Jamieson photo.
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4. Typical methods for avalanche hazard mapping
To determine the extent of avalanche hazard or risk,
avalanche consultants use the following methods.
Often, not all methods are relevant to a particular
problem.
4.1 Terrain analysis from maps and air photos
In areas that receive sufficient snow, the location
and character of avalanche paths can usually be
identified from contour maps and air photos. The
area, slope angle and character of the starting zone,
the slope angle, character and width of the track, and
the character and slope angle of the runout zone are
estimated prior to field studies.
In addition to terrain features, snow deposited by
wind or avalanches can sometimes be observed in air
photos. This often justifies air photo flights after large
avalanche winters.
4.2 Field studies of terrain
In the field, the profile and width of the avalanche path
can be measured with surveying techniques similar to
those used in forestry. The boundaries of the starting
zone, track and runout zone (estimated from maps and
air photos) can be refined. Subtle terrain features and
ground roughness and their influence on avalanche
formation and motion can be identified. Field work
often includes studies of vegetation and surficial
materials. Consequently they are usually performed
when there is no snow on the ground.
4.3 Study of vegetation for signs of past avalanches
A wealth of historical avalanche information can be
obtained from the location and types of vegetation
(trees, bushes and perhaps lichen) in the avalanche
path. Large avalanches often leave a boundary
between damaged and undamaged vegetation (trim
line). From dated air photos, damage to the forest
cover over time can be identified, yielding information
on the timing of destructive avalanches. Tree growth
rings (Fig. 4.1), sampled in the field, are used to
determine the extent and date of previous large
avalanches.
4.4 Oral and written records of avalanches
In addition to analyzing records (Section 3.6)
from highways, railways, parks, ski areas, etc., the
avalanche consultant will often interview residents
who have been in the area for many years, and may
research archives, and newspapers.

Figure 4.1 Growth rings indicate the age of a tree.
While age can be determined from a sawed section,
more often avalanche consultants take a core. Taken
inside a trim line, tree cores give an indication of the
number of years since a large avalanche broke trees.
Bruce Jamieson photo.
4.5 Weather and snow records
Since avalanches that release more snow from the
starting zone typically run farther and produce
greater impact pressures, the avalanche consultant
estimates the maximum snow depth for the specific
application. The basis for these depths may be
extreme-value statistical estimates based on historical
measurements in nearby snow courses or weather
stations. Such estimates often have to be adjusted for
differences in the elevation of the measurement site
and starting zone. If the closest measurement site is
in a different snow climate, then further adjustments
must be applied. Often these estimates are adjusted
for additional snow deposited by wind in the starting
zone.
In addition to maximum snow depths, the consultant
uses similar techniques to estimate how often threshold
snow depths (sufficient for destructive avalanches), or
how often extreme storm snowfalls are expected.
The consultant typically investigates the weather
(precipitation, wind and temperature) associated with
large avalanches, information determined from written
records and oral accounts. For example, if the weather
leading up to a large avalanche has only occurred twice
in the previous 20 years of weather measurements, then
avalanches of that size may have an estimated return
period of approximately 10 years.
Certain types of weather events, such as cold
temperatures with minimal wind, are known to create

10

Land Managers Guide to Snow Avalanche Hazards in Canada

weak snow layers that remain weak for months and
release deep slabs later in the winter or spring. The
consultant assesses the propensity of the starting zones
for such conditions and subsequent large avalanches.
4.6 Surficial materials
Large avalanches often transport tree debris, rock and
soil. During the field study, the consultant will usually
inspect the runout zone (when there is no snow on
the ground) for transported materials, and try to relate
these deposits to large avalanches. Old forest debris
may be obscured by more recent growth.
Some organic material, such as woody debris or peat,
can be carbon-dated and potentially associated with
avalanches with long return periods (Boucher and
others, 1999).
4.7 Application of topographic-statistical models
Information on extreme runouts within the same
mountain range and similar snow climate may be
used to statistically estimate the runout for a particular
path. There are two commonly used methods (Fig.
4.2), Alpha-Beta and Runout Ratio. Both models use
the Beta (β) point which is where the slope angle of
the path first decreases to a certain angle, usually 10°
(18%).
In the Alpha-Beta model (Lied and Bakkehøi, 1980),
Alpha (α) is the angle from the extreme runout to
the top of the starting zone, and β is the angle from
the β point to the top of the starting zone. Based on
the β angle for a particular path and on the statistical
relationship between α and β from paths in the
surrounding range, the α angle (for the extreme
runout) is estimated for the particular path.
The Runout Ratio model (McClung and Mears,
1991) takes into account the horizontal distance
(Xβ) from the top of the starting zone to the β point.
If, for example, 90% of extreme avalanches in the
Top of starting zone

 point





End
of
runout
zone

x
x
Figure 4.2 Profile of a hypothetical avalanche path
showing measurements used for topographic-statistical runout models.

surrounding mountain range have not run more than
40% of the distance Xβ past their β points (∆X/Xβ
= 0.40), then this proportion (0.40) could be used to
estimate the extreme runout past the β point in the
particular path. These statistical estimates of extreme
runouts can be related to return periods (McClung,
2000).
Short slopes less than approximately 250 m in height
run proportionally farther than taller slopes and
separate data sets must be used for short slopes.
4.8 Application of dynamic models
Although the motion of snow avalanches is complex,
models have been developed to simulate the motion
of dense flow avalanches (e.g. Perla and others, 1982;
Salm and others, 1990; Norem and others, 1987, 1989;
McClung and Mears, 1995; European Commission,
1999). In these models the snow accelerates in the
starting zone and subsequently decelerates and stops
in the runout zone. Depending on the model, various
input parameters, such as slab thickness in the starting
zone and the friction at the base of the moving snow,
must be estimated based partly on published data and
partly on experience. Friction can also be estimated
from nearby extreme avalanches. These models are
used to calculate velocity and impact pressure at points
in the track and in the runout zone. Some of these
models also predict flow depth. Because dynamic
models are very sensitive to input parameters such as
friction (Mears, 1992, p. 27-29), runout estimates from
dynamic models should be used cautiously.
4.9 Combined estimates from various methods
While not all methods outlined in this chapter are
applicable to every avalanche path or problem, several
methods will produce estimates of the runout distance
and return interval. The consultant must carefully
consider the confidence in each method to determine
the best estimate of avalanche runout. The combined
estimate must be for the return period relevant to the
particular problem. For example, when estimating
whether an avalanche path might reach a highway,
a 30-year return period may be considered, whereas
for residential subdivision zoning, a 300-year return
period would be more relevant.
Since most current dynamic and statistical models
do not predict the lateral extent (width) of extreme
avalanches, the consultant usually bases the estimate of
avalanche width on an analysis of terrain (from maps,
air photos and ground observations), field studies of
vegetation and experience with large avalanches.

Canadian Avalanche Association
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5. Elements of a hazard/risk map and report
5.1 Types of avalanche maps

5.2 Objectives of report

There are four main types of avalanche maps:

Each report should clearly state the objectives and
specify the area or avalanche paths to be studied.
Examples of objectives are:

a. A type of overview map know as a locator
map identifies the location of avalanche paths,
normally with an arrow pointing down the middle
of each major path (Fig. 5.1).
b. Maps for avalanche atlases identify the path
boundaries on one or more of the following:
contour maps, vertical air photography,
orthophotography, oblique photography (Fig. 2.1)
or images from Geographic Information Systems.
These atlases may not identify the runout past
the exposure site (e.g. road). Attributes of the
avalanche paths are often stated in text and/or
annotated on images.
c. Zone maps identify areas of avalanche terrain
with consistent characteristics such as avalanche
risk (Fig. 5.2), hazard, slope angle, snow depth,
etc. Risk zones are discussed in Chapter 7.
d. A linear risk/hazard map identifies the risk or
hazard index along a corridor (e.g. road) where
elements of value (e.g. people and/or vehicles) are
exposed (Schaerer, 1989; McClung and Navin,
unpublished).
Example: Locator Map

3

2b

2a

Identify avalanche paths (size and return period of
avalanches) that affect km 20 to 32 of Alder Road,
and determine the risk from those paths based on a
traffic volume of 400 vehicles per day.

•

Determine avalanche risk zones for the proposed
Ridge View Subdivision.

•

Identify the towers of the proposed Boomer Chair
Lift that will be affected by avalanches with a
return period of 30 years or less. Determine impact
pressures for avalanches that reach the base station
with return periods of 30 and 100 years.
Example: Risk Zone Map

Area not
zoned

Path

Showing hypothetical Red and
Blue Zones
Contour interval 20 m

Blue
Zone

1
Red
Zone

N

500 m

Upper Connaught Creek
Basemap TRIM 82N023
Contour interval 20 m

•

Path

1

Area not
zoned

2
Red
Zone

N
1200

m

1000 m

4

Figure 5.2 Map of hypothetical risk zones. Maps like
this one are prepared during planning for subdivisions
and other occupied structures.

5682000

5.3 Methods, assumptions and references

5

6

460000

7

8

10
9

Figure 5.1 Hypothetical example of a locator map. Arrows show the direction of flow down the approximate
centre line of avalanche paths.

The report must include the following:

• Estimated snow depth in the avalanche starting
zones.

• List of maps and air photos used.
• Types and dates of field observations.
• Description of terrain. In addition to maps, this
may include down-slope profiles of the centrelines of the avalanche paths.
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• Outline of methods usednormally a subset of
those mentioned in Chapter 4.

• References to statistical and dynamic models of
avalanche runout; the values of parameters should
be included.

• References to applicable guidelines (e.g.
Guidelines for Snow Avalanche Risk
Determination and Mapping in Canada),
jurisdictional legislation, regulations or policies,
or previous reports.
Additional estimates and assumptions, for example,
may include:

•

The width of a maximum slab in the starting zone.

•

The return period and size of an observed large
avalanche.

•

No changes in climate, or forest cover.

5.5 Validity and confidence of the estimates
The report should state that the knowledge of
avalanches is incomplete, and that the conclusions of
the report are estimates only, which were determined
with the best knowledge available. The level of
confidence of return period, runout and impact
pressure should be stated. Concerns about the
accuracy of observations and the validity of methods
might require the application of additional safety
margins.
It should be noted that past observations of the climate,
avalanche occurrences and forest damage usually allow
the estimate of the properties of avalanches for a return
period up to approximately 50 years. Therefore, mass,
runout and impact pressures of a 300-year maximum
avalanche must be determined by extrapolation and
modelling, which may reduce the accuracy of the
estimates.

Reports to be reviewed should provide sufficient
detail in the methods and assumptions to facilitate a
professional review.

5.6 Future considerations

5.4 Estimates of the destructive effect of avalanches
for the given land use

•

A particular area of forest will remain substantially
undamaged by fire, disease, logging, etc. Areas of
Protection Forest should be clearly specified in the
map and/or report (Fig. 5.3).

•

No change on slope topography due to re-grading
or slope mass movements.

To assist the land manager with land use decisions,
the report should specify the destructive effect of
avalanches. Examples:

•

Avalanches greater than Size 2 from Paths 27 and
32 may strike Alder Road with an approximate
return period of 10 years.

•

Avalanches with estimated impact pressures of
50 kPa may strike Power Pylons 14 and 15 with a
return period of 100 years.

•

Within the Blue Zone, avalanches with a 30year return period may have impact pressures
up to 3 kPa (capable of breaking windows and
damaging walls and roofs) and avalanches with a
300-year return period may have impact pressures
approaching 30 kPa (capable of destroying wood
frame structures).

•

Avalanches with a return period greater than 300
years or impact pressures less than 1 kPa may run
past the lower boundary of the Blue Zone and into
the White Zone.

Some reports may recommend mitigation as described
in Chapter 7.

The boundaries of hazard or risk zones as well as
estimated avalanche sizes, impact pressures and return
periods may require specifications such as:

These future considerations are specific to the particular
land use. The designated areas should be identified in
the report and on the accompanying map.

Figure 5.3 Hypothetical example of a Protection
Forest marked on a map.

Canadian Avalanche Association
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6. Selecting avalanche expertise
Estimating avalanche return periods, size, impact
pressures and boundaries of hazard or risk zones
requires an avalanche consultant with substantial
experience in the same or similar applications. Since
these projects require a variety of skills, knowledge
and experience, the expertise of the consulting team
should be considered. A consultant with considerable
experience with hazard mapping for roads may have
less expertise with, for example, impact pressures on
communication towers.

•

Appendix 12 of the BC Ministry of Transportation
and Highways Subdivision Policy and Procedures
Manual (1996) suggests that if an initial study
is required, “The consultant contracted to write
a report on snow avalanches should be eligible
for registration with the Canadian Avalanche
Association as well as being qualified as a
Professional Engineer or Geoscientist.” Note
that local governments in BC may also approve
subdivisions.

Land managers may request references on similar
work from previous clients.

•

The BC Mines Act (1996, Chapter 293, Section
18) states, “An inspector may order the owner,
agent or manager to provide at the owner’s
expense an independent study prepared by an
engineer or other licensed professional acceptable
to the inspector (a) respecting health and safety
at the mine or safety of its equipment, buildings,
workings or structures, or (b) in connection with
an accident or a dangerous occurrence that the
inspector is investigating.”

•

The BC Forest Practices Code Act (1995)
indicates that a Registered Professional Forester
(RPF) must assume the lead role in managing
forest land and ensure that appropriately qualified
persons make the necessary assessments. In the
Results Based Forest Practices Code proposed in
2002, licensees will determine when they should
rely on professionals, who are governed by their
own legislation and work within their scopes of
practice (Government of British Columbia, 2002).

•

Section 3.3.1 of Passenger Ropeways (Canadian
Standards Association, 2001) for ski lifts states
that avalanches must be considered when planning
the lift. In BC, the Ministry of Municipal Affairs
Policy B.1 on Passenger Ropeways states, “The
extent of the investigation and the documentation
required will depend on the location and size of
the ropeway. The documentation will vary from
a thorough presentation prepared by someone
deemed competent in the particular expertise to a
basic statement from the applicant explaining how
it was concluded that the problems associated with
avalanches, slides, etc… have been alleviated.”

Formal training through university programs including
courses on avalanches and/or a Canadian Avalanche
Association Hazard Mapping Course contribute to
the development of skills and knowledge, but such
courses are insufficient without experience in the
specific or similar application.
As a starting point in selecting avalanche consultants,
some relevant professional associations are listed in
Appendix A.
Once an avalanche mapping or mitigation report has
been completed (and signed and professionally sealed
where required), the land manager may request that
it be reviewed by another avalanche consultant (for
a fee), or government department. The terms of the
review should be clearly specified. However, the pool
of expertise in Canada and world-wide is limited,
and consequently the choice of reviewers may be
restricted.
In some applications and jurisdictions, legislation may
specify the qualifications of the consultant who signs
and takes responsibility for the report and associated
maps. Examples:

•

The Local Government Act of British Columbia
(2000, Chapter 323, Part 21, Section 699) states
that, “If a building inspector considers that
construction would be on land that is subject to or
is likely to be subject to … avalanche, the building
inspector may require the owner of land to provide
the building inspector with a report certified
by a professional engineer with experience in
geotechnical engineering that the land may be
used safely for the use intended.”

Land managers and consultants should remain
informed of current regulations and legislation
within individual jurisdictions.
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7. Typical mapping and mitigation for various land uses
7.1 Introduction
To ensure that avalanche risk remains acceptable for a
specific land use, there are typical types of mitigation
applied if the avalanche magnitude (size or impact
pressure) exceeds a critical level more frequently than
the acceptable return period. The thresholds, types
of mapping and mitigation outlined in this chapter
are only a guide. Specific thresholds depend on the
situation, as well as on legislation and regulations.
Where people are exposed to avalanches, planning
may include a precautionary evacuation plan
(McClung and Schaerer, 1993, p. 202-203) and a
rescue plan (McClung and Schaerer, 1993, p. 182186).
7.2 Transportation corridor
Consider a proposed public road as an example of
a transportation corridor (Table 7.1). A locator map
might identify that avalanche paths could affect the

Land use

Highway
or
Railway

public road. If studies indicate that avalanches larger
than Size 2 may hit the road with a return period of
30 years or less, then an atlas would be prepared for
these paths. Based on the information summarized
in the atlas, the road alignment may be designed to
avoid some avalanche paths. Other paths may require
warning signs advising the public not to stop in
avalanche paths. Further studies might involve the
Avalanche Hazard Index (Schaerer, 1989) or a linear
risk map and recommend earthworks such as mounds
to reduce the risk in specific runout zones, as well as
temporary closures based on an avalanche forecast. If
avalanches greater than Size 2 are expected to overrun
the earthworks with a return period less than 10 years,
then an active control program with explosives would
likely be implemented. Structures such as bridges are
usually designed for avalanches with longer return
periods (e.g. 100 years).

Table 7.1. Typical thresholds to initiate action for transportation corridors
Typical
Critical size
Typical mitigation
Typical mapping
threshold
(Table 2.1)
return period
(years)
Locator map for
30
>2
Location planning
initial planning
(Rock or woody Avalanche Hazard Index or risk
debris in deposits assessment
Avalanche atlas
critical for railway)
Warning signs for highways
Occasional closure and/or explosive
control
Protection forest
Workers safety regulations
10 (active
program)

>2

As above plus:
Detection system for railways

Locator map for
initial planning

Control plan and intermittent closures Avalanche atlas
Structural protection at key sites
Industrial
Road

30

>2

Loction planning

Locator map

Worker safety regulations
1-10 (active
program
depending on
traffic volume)

>2

As above plus:

Locator map

Warning signs

Avalanche atlas for
long term use

Intermittent control and closure

Canadian Avalanche Association
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Table 7.2. Typical thresholds to initiate action for utility or energy corridors
Typical
Critical size
Typical mitigation
Typical mapping
threshold
(Table 2.1)
return period
(years)
Locator map for
Electrical
100
>2
Location planning
initial planning
transmission line,
Structural protection based on
surface pipeline
100-year design impact pressures Avalanche atlas
Land use

Telephone line

10

Note: Avalanches that contain rocks or woody debris are critical for utilities.
7.3 Utility or energy corridors

7.4 Ski operations

For utilities such as telephone lines, power lines or
surface pipelines, an avalanche consultant will prepare
locator maps to identify where avalanches may affect
the towers, pylons or lines. If the hazard cannot be
avoided through location planning, the consultant
will determine the return period for avalanches larger
than Size 2. If the expected return periods are less
than shown in Table 7.2 (avalanches too frequent),
then impact pressures will usually be estimated and
structural protection designed and constructed.

For commercial backcountry ski operations, maps of
the routes are prepared and often supplemented with
oblique photos. The routes are guided, based partly on
a daily forecast and an operational safety plan. Some
operations may use explosives and controlled skiing
of slopes for intermittent avalanche control.

Land use

Ski lift bases

Ski lift towers

Ski area terrain

For lift-based ski areas, the hazards to the proposed
lifts are mapped. If avalanches larger than Size 2
are expected with return periods less than those
shown in Table 7.3, and these cannot be avoided by
location planning, then structural protection is usually

Table 7.3. Typical thresholds to initiate action for ski operations
Typical
Critical size
Typical mitigation
Typical mapping
threshold
(Table 2.1)
return period
(years)
100
>2
Specific mapping
Location planning and structural
for new lift
protection based on impact
structures
pressures
10

10

Closure until the hazard is
reduced

Avalanche hazard
map for new ski
area developments

Active control plan

Avalanche atlas

Ski compaction

>1

Ski compaction
Safety regulations
Commercial
backcountry
operations

10

≥2

Operations safety plan
Guided routes
Intermittent control
Safety regulations in effect

Route or area
mapping and
oblique photos
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designed and constructed. Compaction by boots, skis
and grooming machines, especially in early season,
may help reduce the frequency and size of avalanches
hitting the lifts. An avalanche atlas and control plan are
prepared if avalanches larger than Size 1 are expected
in the skiing terrain with a return period of 10 years or
less. The control plan normally involves explosives and
may involve compaction of certain starting zones.
Passenger Ropeways (Canadian Standards Association,
2001), which is recognized by legislation in all
provinces, states that a snow safety plan is required
where ski lifts are located in areas with avalanche
potential.
7.5 Forest harvest areas
This section is based on current research by the
University of British Columbia Avalanche Research
Group. Harvested areas and avalanches interact in two
distinct ways:
1. Avalanches may start in a harvested area (e.g. a
clearcut block).

(greater than approximately 30° or 58%) should
be marked on maps. Second, these areas should
not be harvested or should be subjected to a risk
assessmentincluding a site visit by an avalanche
consultant. This risk assessment may lead to
modification of the harvest plan.
Where avalanches may affect public roads, or
important down-slope resources, an area of protection
forest may be identified as a polygon on appropriate
maps.
Each province or territory may have additional
review procedures. In BC, for example, the Ministry
of Transportation reviews Forest Development Plans
where harvest blocks are proposed near public roads.
7.6 Worksites
Where outdoor workers are potentially exposed to
avalanches of Size 2 or larger with return periods
of 30 years or less, the hazard may be identified
with a locator map. For more permanent worksites,
avalanches with a return period of up to 100 years

2. Avalanches may start above forests and gain
destructive potential in the harvest area through
increased speed, snow mass or contamination
(woody debris, rocks, etc). These paths may be
identified on a locator map.
Either case may damage regrowth in the harvest area,
the forest, streams, roads, or other elements of value
below the harvest area.
Size 2 avalanches (Table 2.1) with average return
periods of one year or less, or Size 3 avalanches
with average return periods of 10 years or less,
that are expected to impact only the forest, will
normally require modification of the harvest plan. If
the avalanches can also affect public transportation
corridors, facilities or essential resources such as
community watersheds or important fisheries, then Size
2 avalanches with average return periods of 3 years or
less, or Size 3 avalanches with average return periods
of 30 years or less, will normally require modification
of the harvest plan. Harvest practices likely to result
in Size 4 avalanches or larger are unacceptable. For
precise definitions of the levels of acceptable risk, see
Guidelines for Snow Avalanche Risk Determination and
Mapping in Canada (Canadian Avalanche Association,
2002).
Avalanche risk may be assessed in two stages. First,
potential harvest areas with sufficient snow depth and
slope angle for most destructive avalanches to start

Figure 7.1 In this open pit mine, the avalanche risk
is managed by a basic forecasting program, temporary closures and intermittent explosive control. The
worker on foot and the drivers of the two trucks are
vulnerable to different sizes of avalanches. Chris
Stethem photo.
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may be considered and the areas mapped with an atlas.
Once identified, the risk can be mitigated by a safety
plan, which may include an evacuation plan and or
explosive avalanche control. Worker safety regulations
may require other mitigation. For forestry operations,
Weir (2002) provides guidelines for worker safety.
7.7 Zoning for occupied structures
This zoning system was developed by the Canadian
Avalanche Association after reviewing similar systems
in Europe, in particular Switzerland.
Areas near proposed occupied structures can be
divided into Red, Blue and White zones. In a Red
Zone (high risk), the return period is less than 30
years, or the impact pressures in kPa divided by return
period in years is greater than 0.1 for return periods
between 30 and 300 years (Fig. 7.2). The Blue Zone
(moderate risk) falls between the Red Zone and White
Zone (low risk) where the return period is greater than
300 years, or the return period is greater than 30 years
and the impact pressure is less than 1 kPa.
Normal activities for the three zones are:

such as police and fire stations must only be placed in
a white zone and where there is high confidence that
the risk is low.
2. Blue zone (moderate risk): New buildings, such as
industrial plants and temporarily occupied structures,
are possibly permitted with specified conditions.
Conditions may include structures reinforced for
avalanche forces, construction of avalanche defences,
and requirement for evacuation plans or a combination
of these measures.
3. Red zone (high risk): New buildings are not
normally permitted.
7.8 Multiple use of avalanche terrain
Situations exist where there is more than one use of a
specific avalanche path (Fig. 7.3). Examples include
an avalanche path in a ski area that also affects a
public access road or a parking lot, or a forest harvest
area that may avalanche and affect a town’s supply of
fresh water. In these situations, the risk associated with
all land uses should be considered and mitigation for
the combined risk applied.

1. White zone (low risk): Construction of buildings
including permanently occupied structures normally
is permitted. Buildings where large numbers of people
may gather, such as schools, hospitals or multi-unit
residences, as well as buildings for essential services
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Figure 7.2 Chart showing the impact pressures and
return periods for Red, Blue and White zones for
occupied structures. To make the axes of the chart
dimensionless, the return period T is divided by
T0 = 30 years, and the impact pressure I is divided
by I0 = 30 kPa.

Figure 7.3 Multiple land use in and near avalanche
paths on the east end of Mt. Rundle in Canmore,
Alberta. The centre path affects the upper road, power
line, and runs out towards the lower road. The compound for the residences and maintenance buildings
does not extend to the runout zone of the centre path.
Chris Stethem photo.

18

Land Managers Guide to Snow Avalanche Hazards in Canada

8. Avalanche protection
8.1 Introduction
Protective measures are often used in combination to
reduce avalanche risk. For example, the avalanche risk
to roads is reduced by location planning (e.g. reducing
the length of a road exposed to avalanches), structural
protection (e.g. show sheds, diversion dikes and
retarding mounds), warning signs (to reduce the number
of vehicles stopping in avalanche paths), as well as
temporary measures such as forecasting, explosive
control and road closures (to reduce the likelihood of
avalanches reaching open roads). Also, avalanche risk
to a ski lift could be reduced by locating the towers
and base where avalanche frequency and/or impact
pressures are low, by compaction of the snowpack
and explosive control of the slopes above the exposed
towers and by reinforcing the lift structures to withstand
expected impact pressures.

Figure 8.1 Road sign indicates no stopping in the avalanche path. These signs can be removed in the summer to increase their effectiveness in the winter. Peter
Schaerer photo.

For subdivisions, structural protection may influence
the zone boundaries. Measures such as compaction or
explosive control should not influence the boundaries
since such measure may not be continuously effective.
8.2 Location planning
Location planning involves positioning the facility
where avalanche risk is reduced. It should be the first
consideration for protection. In some cases this will
provide an acceptable level of risk, often by avoiding
avalanche paths completely.
8.3 Acceptance of risk
Avalanche risk may be accepted. For example, a ski
lift might be located where damage is possible (when
the lift is closed to skiers) and the cost of repairs over
the life of the lift is acceptable. Such risk acceptance
must be consistent with applicable legislation and
regulations. In the case of occupied structures,
restrictive covenants may be required.
8.4 Temporary measures
A variety of temporary measures, often in combination
with permanent measures, can be applied to reduce the
avalanche risk. Temporary measures include seasonal
occupation, temporary closures, signs (Fig. 8.1),
control by explosives, compaction of the snowpack,
and precautionary evacuation (McClung and Schaerer,
1993, p. 207-224).
There are a wide variety of explosive control
techniques such as hand-placed charges, artillery,
avalauncher (Fig. 8.2), helicopter bombing and gas

Figure 8.2 Avalauncher on Whistler Mountain in the
1980s. These cannons use compressed gas to propel
charges—which detonate on impact—into avalanche
starting zones. Compared to artillery, avalaunchers
are less expensive to purchase and operate but are less
accurate and have shorter range. Chris Stethem photo.
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exploders (Fig. 8.3). All explosive control techniques
are intended to reduce the frequency of large
avalanches and/or release unstable snow at controlled
times.
A program of explosive control and/or snowpack
compaction cannot be relied upon to prevent extreme
avalanches. Consequently, these measures should not
influence the location of risk zones for permanently
occupied structures.
Explosive control requires trained and licensed
operators.
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8.5 Protection forest
Protection of forest in starting zones and the
reforestation of logged, burnt or diseased starting
zones will reduce the frequency and magnitude of
avalanches (Fig. 8.4). The forest can also be protected
in the fetch zone up-wind of the starting zone. Ideally,
a protection forest should consist of trees of mixed
height and age, with about 500 to 1000 trees per
hectare depending on the slope angle (McClung and
Schaerer, 1993, p. 94). This leaves an average spacing
between trees of about three metres.
The capacity of a forest to stop large avalanches in the
runout zone is limited.
8.6 Reinforcement and design of structures
Power pylons, ski lift towers, houses, industrial
buildings, etc. that are exposed to avalanches can
be reinforced and designed so that planar surfaces
are smooth and not perpendicular to the avalanche
flow (Figs. 8.5, 8.6, 8 .7). Eaves on the exposed sides
of buildings can be reinforced, reduced in size, or
eliminated.

Figure 8.3 A gas exploder (shown above) uses a
combination of propane and oxygen. These devices are
used to release unstable snow above some BC Highways. Bruce Jamieson photo.

Figure 8.4 Protection forest above the village of
Andermatt, Switzerland. The existence and health of
the forest is critical to the safety of the village. Bruce
Jamieson photo.

Figure 8.5 Steel power
tower designed to resist
avalanche forces, Bear
Pass, BC. Peter Schaerer
photo.

Figure 8.6 Wedge-shaped wall reduces the avalanche
forces on this church in Frauenkirch, Switzerland.
Bruce Jamieson photo.
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inhabited areas must be protected, and/or when
the starting zone is small. As a less conspicuous
alternative to the rigid structures shown in Fig. 8.8,
specially designed nets can be used for the same
purpose.
8.7.2 Deflecting dikes and walls

Figure 8.7 Reinforced house in the Blue Zone in
Davos, Switzerland. This house is designed to resist
specific levels of impact pressures. In such houses, the
garage and kitchen are often on the side of the house
facing the avalanche path whereas the bedrooms—
where people spend more time—are located on the
opposite side. Bruce Jamieson photo.

Deflecting dikes and walls intercept avalanches
and divert them away from the area to be protected
(Fig. 8.9). Earth dikes 6 to 10 m high are the most
common type of deflector. Large avalanches with an
acceptably long return period may overrun these dikes
or walls.

8.7 Permanent control works
Permanent avalanche control consists of structures and
earthworks that either prevent avalanches from starting
(Fig. 8.8), deflect avalanches away from the area to be
protected (Figs. 8.9, 8.10, 8.11), or slow down and/or
stop avalanches (Fig. 8.12).
8.7.1 Supporting structures
Supporting structures, also known as retaining
barriers, cover the starting zones (Fig. 8.8). Their
purpose is to provide support to the snow cover, to
limit the size of avalanches by impeding fracture
propagation in the snow, and to stop small avalanches
before they gain momentum. Supporting structures
are expensive and are justified only when already

Figure 8.9 Earthen dike east of Rogers Pass, BC
deflects small- and medium-sized avalanches parallel
to the Trans-Canada Highway. Vegetation has since
grown on the dike making it much less conspicuous.
Ron Perla photo.
8.7.3 Splitting wedges
Wedges protect single objects such as buildings,
powerline towers, or chairlift towers by deflecting
the avalanches around them. Wedges (Fig. 8.10) may
be constructed of earth, concrete, steel, or wood and
can be placed in front of, or incorporated into, the
structure.
8.7.4 Snowsheds (galleries)
Snowsheds are roofs designed to carry the snow over
the object to be protected (Fig. 8.11). They are usually
applied to railways and high-volume highways.
Because snowsheds are expensive, reliable estimates
of the widths and forces of the avalanches are required
before construction.
8.7.5 Retarding works

Figure 8.8 Supporting structures, approximately 3 m
high, located in the starting zone above a residential
development in Montana, USA. Bruce Jamieson photo.

Retarding works, also called breakers or arresters,
slow down and stop avalanches. They are built in the
lower part of the runout zone where avalanches are
already slowing down. The most common retarding
works are earth mounds, 4 to 10 m high (Fig. 8.12).
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8.7.6 Snow collection fences
Collector fences on the top or windward side of
mountain ridges reduce the amount of snow drifting
into avalanche starting zones (Fig. 8.13). These
fences are useful only where wind is a major factor in
avalanche formation and are usually not used as the
sole means of avalanche protection.

Figure 8.11 Snow sheds, like this one west of Rogers
Pass, BC, reduce the number of avalanches that hit the
Trans-Canada Highway. Bruce Jamieson photo.

Figure 8.12 Earthen mounds at Rogers Pass, BC
reduce the frequency of avalanches reaching the
highway. An avalanche has been slowed by the 5- to
8-metre-high mounds and left a large deposit in and
above the mounds. Peter Schaerer photo.

Figure 8.10 Concrete splitter protecting a power pylon in Switzerland. Peter Schaerer photo.

Figure 8.13 Snow collector fences reduce the amount
of snow drifting into the starting zone. Photo courtesy
US Forest Service.
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9. Summary
This guide is intended to assist land managers in
Canada and their staff and advisors in recognizing
and mitigating potential snow avalanche hazards that
might affect existing or proposed fixed operations and
facilities. It begins with an overview of some types
of avalanche problems that land managers may face
in Canada. These range from avalanche hazards that
threaten transportation corridors, utility corridors, ski
operations, work sites, forestry and occupied structures.
Terms and types of avalanches are defined, followed
by a summary in Section 3 of methods for recognizing
potential avalanche hazards. These include avalanche
paths visible as swaths through forest, a history of avalanches, as well as the snow depth and terrain typical
of avalanches.
Section 4 summarizes the methods that avalanche
consultants use to assess avalanche hazard. The elements that a land manager can expect in a consultant’s

report are summarized in Section 5. Advice on selecting an avalanche consultant follows. In some cases,
legislation and policies may specify the consultant’s
qualifications. The national standard for planning ski
lifts and some BC laws and policies are introduced as
examples.
An overview of the acceptable levels of avalanche
risk or hazard is presented in Section 7, along with
the types of maps and typical mitigation for various
land uses ranging from transportation corridors, utility
corridors, ski operations, work sites, forestry and occupied structures.
Finally, in Section 8, various methods of avalanche
protection are outlined. These include location planning, protection forests, reinforcement and design of
structures, permanent control works such as deflecting
dikes or snow sheds, as well as temporary measures
such as explosive control and closures.

Canadian Avalanche Association

23

References
Bay, J. 1996. Cutblock avalanche event summary
March 14, 1996. Nagle Creek Cutblock 83D00727. Stellar Consulting Ltd.

Jamieson, B. and T. Geldsetzer. 1996. Avalanche
accidents in Canada. (4) 1984-1996, Canadian
Avalanche Association, Revelstoke, BC.

British Columbia Ministry of Transportation. 1996.
Subdivision Policy and Procedures Manual, second
revision. Ministry of Transportation, Victoria, BC.

Jamieson, B. and C. Stethem. 2002. Snow avalanche
hazards and management in Canada: Challenges
and progress. Natural Hazards 26(1), 35-53.

Boucher, D., B. Hétu, and L. Filion. 1999. Lateholocene development of a snow avalanche path
in Mount Hog’s Back, Gaspé Peninsula, Quèbec.
CANQUA-CGRC meeting 1999, University of
Calgary, Calgary, AB.

Jones, A.S.T. 2002. Avalanche Runout Prediction
for Short Slopes. MSc thesis, Dept. of Civil
Engineering, University of Calgary, Calgary, AB.

Canadian Avalanche Association. 2002. Guidelines for
Snow Avalanche Risk Determination and Mapping
in Canada, (McClung, D.M, C.J. Stethem, J.B.
Jamieson, P.A. Schaerer, eds.). Canadian Avalanche
Association, Revelstoke, BC.

Jordan. P. 1994. Memorandum on Avalanche Incident,
Airy Creek, TFL 3, CP 72, Block 6. File 17275-20/
DAR
Lied, K. and S. Bakkehøi. 1980. Empirical
calculations of snow avalanche runout distance
based on topographical parameters. Journal of
Glaciology 26(94), 165-177.

Canadian Standards Association. 1997. Risk
Management: Guideline for Decision-Makers.
Canadian Standards Association CAN/
CSA-Q850-97.

McClung, D.M. 2000. Extreme avalanche runout in
space and time. Canadian Geotechnical Journal
37(1), 161-170.

Canadian Standards Association. 2001. Passenger
Ropeways. Canadian National Standard/Canadian
Standards Association. CAN/CSA-Z98-01.

McClung, D.M. 2001. Characteristics of terrain, snow
supply and forest cover for avalanche initiation
caused by logging. Annals of Glaciology 32, 223229.

European Commission. 1999. SAME Avalanche
Mapping, Model Validation and Warning Systems,
Summary Report, G. Brugnot (ed.). Research
Directorate-General, Communication Unit,
Brussels, Belgium.

McClung, D.M. and A.I. Mears. 1991. Extreme value
prediction of snow avalanche runout. Cold Regions
Science and Technology 19, 163-175.
McClung, D.M. and A.I. Mears. 1995. Dry flowing
avalanche run-up and run-out. Journal of
Glaciology 41(138), 359-372.

Government of Quebec. 2000. Report: Public Inquiry
into the Causes and Circumstances Surrounding
the Deaths in Kangiqsualujjuaq, Nouveau-Québec
on January 1, 1999. Le Coroner en chef, Ste-Foy,
Québec.

McClung, D.M. and F.P.D. Navin. Linear risk maps
for snow avalanche hazards on British Columbia
highways. (Unpublished.)

Government of British Columbia. 2001. Revised
Statues and Consolidated Regulations of BC.
Queen’s Printer, Ministry of Management Services,
Victoria, BC. Also available at
http://www.qp.gov.bc.ca/statreg/

McClung, D.M and P.A. Schaerer. 1981. Snow
avalanche size classification. Proceedings of a
Workshop, 3-5 November 1980, Vancouver, BC.
National Research Council of Canada. Technical
Memorandum 133, 12-27.

Government of British Columbia. 2002. A ResultsBased Forest and Range Practices Regime for
British Columbia. Ministry of Forests, Forest
Practices Branch, Victoria, BC.

McClung, D.M. and P.A. Schaerer. 1993. The
Avalanche Handbook. The Mountaineers, Seattle,
Washington, USA.

24

Land Managers Guide to Snow Avalanche Hazards in Canada

Mears, A.I. 1992. Snow-Avalanche Hazard Analysis
for Land-Use Planning and Engineering. Colorado
Geological Survey, Bulletin 49.
Norem, H., F. Irgens and B. Schieldrop. 1987. A
continuum model for calculating snow avalanche
velocities. In: B. Salm and H. Gubler, eds.,
Avalanche Formation, Movement and Effects.
International Association of Hydrological Sciences,
Publication No. 162, 363-379.
Norem, H., F. Irgens and B. Schieldrop. 1989.
Simulation of snow-avalanche motion in run-out
zones. Annals of Glaciology 13, 218-225.
Perla, R., T.T. Cheng and D.M. McClung. 1982. A
two-parameter model of snow-avalanche motion.
Journal of Glaciology 26(94), 197-207.
Province of British Columbia. Portions of TRIM maps
82G.055 and 82N.023 used in Figs. 5.1, 5.2 and 5.3
are reproduced with the permission of Intellectual
Property Program.
Salm, B., A. Burkard and H.U. Gubler. 1990.
Berechnung von Fliesslawinen, eine Anleitung
für Praktiker mit Beispielen. Mitteilungen
des Eidgenössischen Instituts für Schnee- und
Lawinenforschung. No. 47, 38 pp.

Schaerer, P.A. 1989. The avalanche hazard index.
Annals of Glaciology 13, 241-247.
Schaerer, P.A., 1987. Avalanche Accidents in Canada
III. A Selection of Case Histories 1978-1984,
National Research Council of Canada, NRCC
Publication 27950.
Stethem, C.J. and P.A. Schaerer. 1979. Avalanche
Accidents in Canada I: A Selection of Case
Histories of Accidents, 1955 to 1976. National
Research Council of Canada, NRCC Publication
17292.
Stethem, C.J. and P.A. Schaerer. 1980. Avalanche
Accidents in Canada II: A Selection of Case
Histories of Accidents, 1943 to 1978. National
Research Council of Canada, NRCC Publication
18525.
Weir, P.L. 2002. Handbook for management of snowavalanche-prone forest terrain. Land Management
Handbook. BC Ministry of Forests Research
Branch. Victoria, BC.

Canadian Avalanche Association

25

Appendix A: List of selected government and non-government agencies
Canadian Avalanche Association
PO Box 2759
Revelstoke, BC V0E 2S0
Tel: (250) 837-2435; Fax: (250) 837-4624
www.avalanche.ca
Resource for avalanche safety organizations,
professionals and affiliates.
British Columbia Ministry of Transportation
Snow Avalanche Programs
940 Blanshard Steet
Victoria, BC V8V 4E9
Tel: (250) 387-6361; Fax: (250) 356-8143
Manages snow avalanche hazards on BC public roads
and serves as an avalanche resource to other BC
government ministries.
Division of Engineers and Geoscientists in the
Forest Sector
A division of the Association of Professional
Engineers and Geoscientists of British Columbia
(APEGBC)
#200 – 4010 Regent Street
Burnaby, BC V5C 6N2
www.degifs.com

Government of Newfoundland and Labrador
Department of Mines and Energy
Geological Survey
Geoscience Publications and Information Section
PO Box 8700
St. John’s, Newfoundland A1B 4J6
Tel. (709) 729-6193; Fax (709) 729-4491
E-mail: pub@zeppo.geosurv.gov.nf.ca
www.gov.nf.ca/mines&en/
Contact for hazard information.
Canadian Council of Professional Engineers
180 Elgin St., Suite 1100
Ottawa, ON K2P 2K3
Tel: (613) 232-2474
Fax: (613) 230-5759
www.ccpe.ca
Maintains a list of provincial associations of
professional engineers.
Canadian Council of Professional Geoscientists
Suite 1600, 734 - 7th Avenue SW
Calgary, AB T2P 3P8
Tel: (403) 232-8511; Fax: (403) 269-2787
info@ccpg.ca; www.ccpg.ca

Resource for slope hazards in forestry. Affiliate
members need not be members of APEGBC.

Maintains a list of provincial associations of
professional geoscientists.

Direction de la sécurité civile et de la sécurité
incendie
Ministrère de la sécurité publique
2525 Bld. Laurier, 5° étage
Ste-Foy, Québec G1V 2L2
Tel: (418) 643-3500; Fax: (418) 643-0275

National Search and Rescue Secretariat
275 Slater Street, 4th floor
Ottawa, ON K1A 0K2
Telephone: (800) 727-9414; Fax: (613) 996-3746
www.nss.gc.ca

Resource for response to natural disasters.
Haute-Gaspésie avalanche centre
460, boul. Ste-Anne ouest
Ste-Anne-des-Monts, Québec G0E 2G0
Tel: 418-763-7791; Fax: 418-763-7737
Email: quebav@globetrotter.net
Resource for snow avalanche information and
education.

Maintains a list of rescue agencies.
Emergency Preparedness Canada
Communications Directorate
122 Bank Street, 2nd Floor
Ottawa, ON K1A 0W6
Tel: (613) 991-7077 or 1-800-830-3118;
Fax: (613) 998-9589
www.epc-pcc.gc.ca
Maintains a list of emergency measures organizations.
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