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The Avalanche Skills Training Handbook
This book lays out a daily process for 
travel in avalanche terrain. Backcountry 
skiers, boarders, snowshoers, ice 
climbers, hikers—anyone who enjoys 
the winter mountain environment—
can use the methods in this book to 
manage their avalanche risk and make 
good travel decisions in the mountains. 
Day after day, year after year.

The subjects covered include:
• Recognizing avalanche terrain
•  Understanding avalanche conditions
• The avalanche forecast
•  Trip planning and slope evaluation
• Good travel habits
•  Avalanche rescue techniques
•  Human behaviours

AVA
LA

N
CH

E  SKILLS  TRA
IN

IN
G  H

A
N

D
BO

O
K 

 
 

 
 

 
 

 
 

               Avalanche  Canada

AST_Covers_EN_flat2019.indd   1 9/18/2019   9:38:39 AM



Government Partners

The production of this handbook was made possible 
through the financial participation of licensed providers 

of the Avalanche Canada Training program. These annual 
contributions are based on student numbers and help 

support the program and develop its resources. Many thanks 
to the providers for continuing to ensure the world-class 

standards of the Avalanche Canada Training program. 

Many thanks to these partners for  
their support of our programs

AST_Covers_EN_flat2019.indd   2 9/18/2019   9:38:40 AM



AST Handbook  -  Page 3

Avalanche Skills
Training Handbook

First edition

James Floyer and Keith Robine

Published by

 

©2018 Avalanche Canada
Revelstoke, BC, Canada



Page 4  

All rights reserved. Except for brief excerpts for reviews, no part of this book may be reproduced, stored in a 
retrieval system, or transmitted in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording, or otherwise, without written permission from the publisher.  

 Library and Archives Canada Cataloguing in Publication 
  Floyer, James, 1975-, author 
 Avalanche skills training handbook / James Floyer and Keith Robine. -- First edition. 

ISBN 978-1-9995229-0-2 (softcover) 
     
 1. Avalanches--Safety measures—Handbooks, manuals, etc.  
 2. Skis and skiing—Safety measures—Handbooks, manuals, etc.  
 3. Snowboarding—Safety measures—Handbooks, manuals, etc.  
 4. Handbooks and manuals.  I. Robine, Keith, 1959-, author  II. Avalanche Canada, issuing body  III. Title. 
 

QC929.A8F56 2018                         796.93028'9                          C2018-906353-X



Avalanches  -  Page 5

Acknowledgements

The contents of this book are distilled from insights, expertise and experience shared 
among a great number of avalanche professionals, educators and scientists over the course of 
several decades. While it would be impossible to list all the individuals who have contributed 
to our current state of knowledge, we are incredibly thankful to all.

Certain individuals have been instrumental in helping us write and prepare this book for 
publication. Paul Hoefer, Jim Mosher and Todd Kettner provided many valuable discussions 
and feedback on ideas.

Several members of the Avalanche Canada team helped out. Nancy Geismar and Gilles 
Valade conceived the project; Nancy also kept things rolling along and on track. Mary Clayton 
played a pivotal role, particularly in maintaining high-quality writing standards. Karl Klassen, 
Ilya Storm, Mark Bender and Grant Helgeson forwarded many ideas and kept them grounded 
in the practical domain. Brent Strand guided the publication process and Karl Guillotte made 
sure components taken from the forecast products looked good.

We 'd like to give special thanks to those who reviewed all or part of the text: Jesse de 
Montigny, Terry Palechuk, Mitchell Sulkers, Lori Zacaruk, Craig Hollinger, Amber Granter, 
Jill Peacock and Pascal Haegeli. A large number of people generously gave permission for 
us to use their photos—credits are given next to individual photos. Rob Buchanan is the 
genius behind the cartoons. We are also very grateful to those who allowed us to make case 
studies of their personal experiences. These first-person accounts provide valuable learning 
opportunities and we very much appreciate the willingness of these individuals to share their 
stories.

Emmanuel Caillet and Caroline Bringuier did a fantastic job on the book design, laying 
out the manuscript and crafting several of the images within the book. Thanks also to Bridget 
Daughney for diligent proofreading.

As with many projects of this nature, our families are the unsung heroes who provided 
unwavering support without which this project would have drifted clearly off the rails. For 
Keith, his wife Ann Quarterman and daughters Natasha and Sage provided an abundance of 
both practical and moral support. For James, his wife Vérèna Blasy and daughters Cassia and 
Isla kept him smiling and sufficiently distracted with hilarious pictures of snowmen.

Finally, Bruce Jamieson deserves a special mention as the author of the original books 
used for AST courses. Bruce, your ideas and approach have had a lasting impact on a great 
many people venturing into avalanche terrain; we hope they continue to do so with the release 
of this new publication.

Edited by Mary Clayton
Design and Layout by Emmanuel Caillet, La Tomate Bleue 
Printed in Canada by Westkey Graphics Ltd.
Front cover photo: Geoff Holman
Back cover photo (bottom): Wren McElroy
Back cover photo (top): Vince Hempsall



Page 6  -  Avalanches

Avalanche Canada Training Program
Avalanche Canada Training (ACT) courses are the national standard for 

recreational avalanche training. Course curricula, instructor support, and resources for 
students and instructors are all developed and provided by Avalanche Canada. Courses 
are delivered by independent third-party providers who are licensed by Avalanche 
Canada. 

Providers are not employees of Avalanche Canada and Avalanche Canada does 
not control, supervise, oversee, or manage any of the instructors or their courses. All 
instructors are required to be members of the Canadian Avalanche Association, the 
organization representing avalanche professionals in Canada. Instructors must meet 
the membership requirements of their professional organization. All providers and 
instructors are required to carry liability insurance coverage.
An ACT provider is a business or organization that offers courses.

• An ACT instructor is the individual who delivers the course. 
• In some cases, the provider and instructor is the same person. In other cases, the 

provider is an organization that hires individual instructors. 
Avalanche Canada hosts a list of providers on our website: avalanche.ca/training/

providers. This list includes all providers with a current license; it is not a guarantee of 
quality or safety. If you have any questions about your course or the qualifications of 
the instructor, please consult with the provider directly.
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Welcome!
We're glad you're here. Whether you're brand new to winter backcountry travel or already 

have some experience in avalanche terrain, now is a great time to take an Avalanche Skills 
Training (AST) course.

Over the past couple of decades we have witnessed some remarkable changes in the 
Canadian backcountry. Along with exponential growth in the number of backcountry users, we've 
seen a major shift in attitude towards recognizing avalanche safety as an essential part of the 
mountain lifestyle. 

More and more riders are taking Avalanche 
Canada's courses, and it's increasingly rare to 
encounter anyone in the backcountry without 
a transceiver, probe and shovel. This growing 
culture of avalanche safety is something we can 
all be proud of and by taking this course, you're 
a part of this positive change. 

Yet, avalanche accidents continue to 
happen. On average, 12 people die in avalanches 
every year in Canada. This is a sobering statistic 
and the fact that not all victims are untrained 
or inexperienced speaks to the inherent 
complexity of the avalanche problem and 
the challenges of moving safely in avalanche 
terrain. Still, many avalanche accidents 

could be easily prevented by adopting basic 
avalanche safety habits, such as choosing 
appropriate terrain for the given conditions and 
always carrying your avalanche safety gear. 

The AST program is built on a solid 
foundation of knowledge, gained through 
a uniquely Canadian perspective that includes 
the experience of mountain guides, avalanche 
researchers, forecasters and other avalanche 
safety professionals. Canada has a long history 
of collaboration and cooperation between 
these professions. Working together, many 
years of collective wisdom have been distilled 
into this world-leading recreational training 
program.

Moving safely through avalanche terrain is a skill built over time. Taking an AST course is a great place to start!
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Avalanche terrain is a “wicked learning 
environment.” This term is used by psychologists 
to describe situations in which the feedback 
to actions is poor, misleading or even missing. 
The opposite is a “kind learning environment,” 
where feedback is accurate, plentiful and links 
actions directly to outcomes. A hot stove is a kind 
learning environment; a two-year old touches 
it and gets immediate feedback – ouch! In the 
future, a hot stove will behave the same way and 
the child learns not to touch.

In a wicked learning environment, current 
situations may appear similar to those 
encountered in the past but can be fundamentally 
different. The calm, smooth surface of the 
mountain snowpack gives no sign whether the 

underlying layers are strong or weak. A rider jumps 
into a slope they've ridden before and nothing 
happens. Were they a metre away from triggering 
a slide or was the slope stable? Wicked learning 
environments can lead you to think you've made a 
good decision, because there's no feedback to tell 
you how close you came to getting burned. 

As you move through the winter 
backcountry, your decisions can keep you 
safe or can put you in the wrong place at the 
wrong time. You're going to learn a lot on this 
course about how avalanches are formed and 
how to recognize avalanche terrain. But more 
importantly, you're going to learn a decision-
making process that gives you a structured 
approach to managing your avalanche risk.

We'll talk a lot in this book about avalanche 
danger and avalanche risk. These terms are 
related but there is an important difference – you.

Avalanche danger (also called avalanche 
hazard) is the threat posed by avalanches in the 
mountains at a given time. Avalanche forecasters 
rate the avalanche danger using a five-step 
scale. This rating considers the likelihood of 
avalanches occurring and their expected size. 
What's the chance of an avalanche happening 
and how big could it be?

Avalanche danger is always present to some 
degree in the winter mountain environment. 
There's nothing you can do to control the 
avalanche danger.

Avalanche risk, on the other hand, is 
completely under your control. It's a function of 
how exposed you are to avalanche terrain and 
also how vulnerable you are to the consequences 
of an avalanche. You can control your avalanche 
risk by making good choices.

Choosing the right terrain for the 
conditions is critical. It's foolish to send a steep 
couloir during high danger, but the same line 

may be a reasonable choice when conditions 
improve. It's also important to consider the 
consequences. This involves considering the 
severity of the terrain, adopting good travel 
habits such as travelling one at a time on 
a slope, and being prepared in the event an 
avalanche rescue is required.

So you see while we can't change the 
avalanche danger, we can control our risk. 
By selecting appropriate terrain for the 
conditions, using good travel habits and being 
prepared for an avalanche rescue, we can keep 
our risk acceptably low under a wide range of 
avalanche conditions.

The method introduced in this book 
addresses all these topics in some detail but the 
truth is, many of us find it hard to consistently 
make good backcountry travel decisions. 
Even the most seasoned professional will say 
learning how to manage avalanche risk is a 
life-long process. Your AST 1 is the essential 
first step. And as you learn how to make good 
decisions, it's worth taking a little time to 
reflect on how bad decisions can happen.

Wicked Learning Environment

Avalanche Danger and Avalanche Risk
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Most fatal avalanche accidents—researchers 
say about 90%—are caused by the victim or 
someone in the victim's party. Upon analysis, 
many of these accidents show flaws in the 
decision-making process that were the result 
of unfavourable human behaviours—mental 
biases that can influence your judgement. 
Human behaviours are an important aspect of 
individual and team performance in many fields. 
In avalanche terrain, understanding the effects 
of human behaviours on the decision-making 
process is vital to managing risk.

Here are some examples of human behaviours 
that can negatively impact a group's safety:

Risk tolerance
How much risk are you willing to accept for 
a day in the mountains? Is it a similar level 
to your companions? Group members often 
don't discuss their risk tolerance. By default, 
most people take more risk in a group than 
they would individually.
“Expert halo”
Often the person with the most 
backcountry experience, or sometimes 
just the most proficient at your sport, will 
become the leader of the group. Accident 
analysis shows novice groups are more 
likely to follow a leader into dangerous 
situations than if they made a decision by 
consensus. 
Familiarity
Being familiar with the terrain is 
reassuring and makes navigation easier. 
But it can also lead to complacency and 
often, groups make riskier decisions in 
familiar terrain. 
Competition
Are you racing another group for that 
untouched powder? Or are you pushing 
your partners to see who can ride the 
steepest? The competitive drive can easily 
override a systematic decision-making 
process.

Commitment to a goal
Groups highly committed to a goal, such 
as reaching a summit, often make riskier 
decisions than parties just out for a day.
Showing off
Are you trying to impress someone in your 
group, or trying something special for the 
camera? “Kodak courage” may have been 
replaced with “Facebook fame,” but both 
have a history of being the source of many 
accidents.
Physiological condition
Being fatigued, dehydrated, hungry or 
cold—all of these states are distracting 
and can make it difficult to assess hazards 
objectively.

Most of us will recognize these factors, and 
probably all of us are guilty of at least a few of 
them at some point in our lives. With all these 
ingrained human behaviours, it would be easy 
to feel as though the deck is stacked against us 
by the very virtue of being human.

Thankfully, it's not all bad news. We possess 
a great number of positive human behaviours 
that, if tapped into effectively, can prevent 
us falling into the traps above and steer us 
towards making good decisions. Here are some 
examples of positive human behaviours that 
can help us make good decisions:

Communication
We have an inherent ability to 
communicate, and groups that 
communicate well essentially pool their 
collective experience. It makes them 
better equipped to deal with making 
decisions when uncertainty exists. Good 
communication starts at the planning stage 
and continues even after the trip has ended. 
It involves regular check-ins and regrouping 
at critical decision points. It also involves a 
commitment to consider and if needed, act 
on every person's concerns, regardless of 
their experience level or physical ability.

Human Behaviours



Leadership
Good leaders work hard to create an 
environment where good decisions can 
be made. This includes making sure that 
important aspects like trip planning are 
addressed as well as ensuring everyone's 
voice is heard and standing up for those 
with differing opinions. While travelling, 
it includes things like anticipating decision 
points, selecting good regrouping spots, 
and suggesting alternative route choices if 
it becomes apparent that someone within 
the group is not comfortable with the 
intended route.
Patience
The line will always be there, so if 
conditions aren't right, you'll need to be 
patient. It may take days, weeks or even 
months for conditions to improve to a point 
at which a route becomes a reasonable 
choice. Sometimes you may need to accept 
the line shouldn't happen at any point 

during the season. When you do finally 
decide conditions are good enough to 
drop in, try to associate part of the reward 
of your great line with waiting for the 
perfect conditions. When conditions aren't 
right, it’s important to be flexible in your 
planning and appreciate the joys of smaller 
objectives. 
Discipline
Having discipline means emulating the 
professionals, who always check conditions 
before they go, always wear their avalanche 
safety gear, always use good travel habits 
(even when avalanches are not evident) 
and always have a backup plan in case they 
find conditions are different from their 
assumptions. Even if you don’t think of 
yourself as a particularly disciplined person, 
you can create good default behaviours 
by adopting a process or routine for your 
backcountry trips, such as the one we'll 
introduce next.

Tapping into positive human behaviours makes for good decisions and good times.
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Surgeons, pilots and firefighters have one 
particular thing in common: they use structured 
and systematic approaches to their tasks to 
reduce the chance of human error. It turns out 
the higher the consequence of an error, the more 
important these well-defined processes are.

Travel in avalanche terrain is a high-
consequence undertaking and as such, 
we benefit greatly from a structured approach 
to backcountry travel. In this course, you will 
learn a method similar to that used by avalanche 
professionals, who navigate avalanche terrain on 
a daily basis and are continually aiming to reduce 
the negative effects of human behaviours.

The daily process for backcountry travel in 
avalanche terrain (indicated below) includes all 
the steps to go through to ensure you continue 
to enjoy your backcountry pursuits day after 
day, year after year.

The daily process starts before the trip, and 
the first step is to get the avalanche forecast. 
This is used to help plan your trip, and when 

you select terrain that's appropriate for the 
expected conditions. The Avaluator Trip 
Planner is designed to help with this. After 
checking you have the right gear and that it's 
ready for use, you should verify that conditions 
aren’t worse than anticipated. If they are, it’s 
time to switch to a lower risk backup plan. 

During travel it's important to consistently 
use good travel habits. These lower the chance of 
getting caught, as well as stack the deck in your 
favour if an avalanche unexpectedly does occur. 
It's also critical to continually evaluate avalanche 
slopes to make sure that you're not exceeding 
an appropriate level of risk. The Avaluator Slope 
Evaluation card is designed to help with this. 

The final part of the daily process involves 
reflecting on your day to honestly appraise 
where you made good decisions and where 
you made decisions that could have got you in 
trouble. Professionals do this regularly and it is 
an effective way to improve decision making in 
a wicked learning environment.

The Daily Process

Daily
Process

Before
During

After

the 
trip

Check your gear

Plan your 
   trip

Get the 
   forecast

Verify 
   conditions

Use good travel 
   habits

Evaluate 
   slopes

Reflect 
  on your day

Match terrain to expected conditions.

Know what to expect, before you go.

Every member of the group needs 
a transceiver, probe and shovel. Check conditions aren't worse than expected.

Consistently minimize your risk.

Constantly assess terrain as you travel.

What went right? What could be improved?
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1. True or False? Avalanche danger and avalanche risk are determined only by Mother 
 Nature.

2. Which of the following statements are true:
 a) In a wicked learning environment, feedback links actions directly to outcomes.
 b) Being familiar with the terrain makes it less likely you will get in an avalanche.
 c) The daily process follows a structure for reducing avalanche risk similar to that used 
  by avalanche professionals.
 d) All of the above.

3. The following are examples of human behaviours that can be used to decrease risk in    
 the winter backcountry:
 a) Communication.
 b) Discipline.
 c) Patience.
 d) All of the above.

Answers are in Appendix DQuestions

Page 14  -  Introduction
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Rescue at Cherry Bowl - PART ICase Study

In March of 2013, four friends from Whitehorse, Yukon, were ski touring in 
the backcountry around Terrace, BC. On that same day, another group of four locals from Terrace 
had also gone ski touring. Both groups were headed to Cherry Bowl, a well-known destination.

Both groups had read the local forecast and were aware of a buried weak layer. The locals had no 
clear objective in mind that day.

Jupiter: Some of the concerns were this weak layer. 
It was well-known and talked about and we’re 
wondering when it’s going to wake up. We had a loose 
idea of a ridge walk, or potentially just a nice walk on 
a clear day.
Mikael: We were really heads-up going in to the 
backcountry that day. We’re not going to ski anything 
crazy.
Brad: We were taking it easy. We were aware that 
things were pretty touchy so we were going for a ridge 
walk. We were completely cautious.
Matt L: If we saw something along the way that 
looked like good skiing we’d look at it and talk about it 
but had no expectations.

The visitors from Whitehorse had been skiing for 
a couple of days in the area and felt fairly in-tune 
with the local conditions. They had heard about 
Cherry Bowl and all of them wanted to ski it.
Matt S: We all collaborated on coming up with a 
plan. We talked about what we had seen the day 
before, some releases on steep convex rolls, and the 
fact that the rating was considerable.  

Matt S
Survivor

Jupiter
Rescuer

Matt L
Rescuer
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Alain: We knew that Cherry Bowl was complex 
terrain but it had the right line that we wanted 
to hit.
Annick: You drive 12 hours to go to Terrace, so 
you want to ski, you want to do what you want 
to do. Sometimes you push your limit and you’re 
not as disciplined.

That morning, the visitors were about an hour ahead of the locals on the skin track towards 
Cherry Bowl. For everyone, it started out as just another beautiful day in the mountains. 
Each group had its own dynamics. The locals, four strong backcountry skiers, take pride in 
their safe approach to their sport. 
Brad: We talk about conditions not just in the parking lot but every step of the way. At all decision 
points, when we leave tree line to alpine, simple to complex, every step of the way—steady.

Matt L: The nice thing about being out with experienced people is that you’re always talking and 
making sure you’re on the same page, trying to make sure we’re not jumping into something blind.
Mikael: We ski with a lot of experienced people, makes it easy to stay safe. If people don’t feel comfor-
table with decisions, the whole group will support that. If one person doesn’t want to ski a line and 
three people do, we won’t ski it. 

The group from Whitehorse is two couples. Between them there are varying amounts of 
backcountry experience, with the two women a little less confident in their abilities. 

Laura: Matt and Alain have more skills than 
Annick and I, more experience. I end up skiing 
last. I’m the least experienced out of the group so 
that’s how it usually goes.
Annick: I’m experienced but I’ve never taken 
the lead on decisions. Asking questions but 
never being involved, mainly following.
Matt S: I guess in reality, Alain and I tend to 

ski a little faster and I probably talk to him more than the other two. But really there wasn’t a lot to 
discuss on that day, we weren’t seeing any signs of activity.

As the day progressed, the locals had made it to the top of the ridge above Cherry Bowl. 
They could see where the visitors had dropped in from an access point across the bowl. 
The Whitehorse group had dug a quick pit to assess the known weak layer before jumping 
in. They skied the first pitch and, without regrouping, kept going into a second pitch, expo-
sing themselves to the steeper flanks of Cherry Bowl above.

Rescue at Cherry Bowl tells the story of an amazing rescue. Four lives were saved be-
cause the rescuers had great skills, recently honed in a Companion Rescue Skills course 
just a couple of weeks previously. Aside from the flawless and almost miraculous rescue, 
what’s really interesting about this story is how just a few small decisions made by the 
survivors developed into a very bad situation. The story of that day has been 
turned into an online and interactive microsite, which you can find in the 
“Learn” section of Avalanche Canada's website at www.avalanche.ca. 
Or snap this link with a QR-code enabled browser on your mobile device:

Annick
Survivor

Laura
Survivor
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Annick: Looking back at it there was a lack of communication. We didn’t discuss if we wanted to go 
further, but one member went and everybody has to follow. I remember not being comfortable but not 
speaking up, not wanting to go down. We didn’t make a plan, we didn’t assess where we were.
Matt S: At this point, looking back on it, we should have regrouped. But it was all great turns, and beauti-
ful snow. So without reevaluating we just kept going. At that point, there was something at the back of my 
mind that was starting to go—“I wonder about this place” but I didn’t really hear it.
Annick: After that first pitch I remember looking around, I felt in the middle of a minefield.

Alain: Annick hesitated and probably we should 
have taken more time to communicate. Everybody 
has a voice and should voice it—beginner, expert, no 
matter what. We have different levels of experience 
in the group but sometimes the beginner will notice 
something the expert won’t.

With the Whitehorse group far below them, 
deep into Cherry Bowl, the Terrace group 

witnessed a terrible sight—a big section of the bowl had released in a huge slab avalanche, 
heading toward the four skiers below. 
Jupiter: We could see they had done some ski cutting, dug a hasty pit, and dropped in to a pretty aggres-
sive line. As we were walking along the ridge, someone shouted “oh look an avalanche!”. More than half of 
the bowl was sliding and I realized it was a massive avalanche. Also we had just seen the group of four right 
there, in the deposit zone.

Matt L: There couldn’t have been more than a few 
seconds after we mentioned the wind effect then the 
whole left side of the bowl ripped out.
Mikael: The powder cloud that came up was just im-
pressive. Oh my God, that’s probably the biggest slide 
I’ve seen in the backcountry. And we’re thinking the 
worst—the whole group might be under the snow. 
Brad: The entire bowl lit right up. In all my years of 
travelling in the backcountry, never seen anything like 
that. Given the size of it, it seemed impossible that 
anyone could survive it.
One member of the Whitehorse group, Matt S, 
remembers that terrible sight and his reaction.
Matt S: I looked up and there was this crazy, bil-
lowing mass hurtling at us. I yelled “avalanche” at 

the top of my lungs and just started running uphill. I suddenly realized I was in a valley bottom and uphill 
seemed like a good idea. I spotted a tree, not a very big one, and I ran with all my might to it. 

The avalanche hit with the force of an explosion, all around him. When it stopped—everything 
had changed.
Matt S: When I opened up my eyes and I turned around, everything was silent. Just, really silent. The entire 
terrain had changed. Where my skis and pack were was just a big debris field. My partner and my friends 
are under the snow and I don’t have much means to help them. My shovel and my pack were under the 
snow, my skis were buried, my probe was buried. I wanted to sit down and cry. I felt useless without my 
gear. I was useless. 

Alain
Survivor

Brad
Rescuer

Mikael
Rescuer
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An avalanche occurs when a mass of snow releases from a mountainside and 
tumbles down a slope. Avalanches can occur naturally, or in response to a human trigger, such as 
a skier or a snowboarder.

Avalanches are directly tied to terrain. A basic requirement is a sufficiently steep slope, 
although once in motion, an avalanche can run into flat terrain or in some cases, even uphill. 
Being able to identify avalanche terrain and safe areas out of harm's way are critical skills for 
winter backcountry travellers. 

Avalanches do not occur at random times. 
Instead, they occur when the snowpack 
develops in ways that make avalanches more 
likely. Some avalanche conditions are more 
obvious. We expect storm slabs to release 
during an intense storm, and we expect 
the snow surface to break down during a 
period of warm, sunny weather. Others are 
trickier. Persistent weak layers are particularly 
challenging. As they become buried, it's very 
difficult to assess when they are reaching a 
critical point of failure.

The patterns in the weather that result 
in avalanche conditions tend to repeat 

themselves. Knowing the important patterns 
that increase and decrease the likelihood of 
avalanches will help you understand the public 
avalanche forecast and assess times when you 
need to be more or less careful with your choice 
of terrain.

Avalanche accidents occur when three 
things come together: people, avalanche 
terrain and dangerous avalanche conditions 
(Figure 1). To prevent avalanche accidents, 
we need to be informed about avalanche 
conditions, and select appropriate terrain 
accordingly.

Figure 1: Avalanche accidents occur when backcountry travellers are exposed to avalanche terrain during 
conditions that can produce avalanches.

Avalanches  -  Page 19
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There are three basic types of avalanche: slab avalanches, loose snow avalanches and 
cornice releases.

Slab avalanches are so called 
because a planar slab of snow fails 
as a cohesive unit along a plane of 
weakness within the snowpack. 
This weakness is called a weak 
layer and is a critical part of the 
snowpack structure that gives rise 
to slab avalanches.

Slab avalanches are by far the 
most dangerous type of avalanche 
for people. In a slab avalanche, it 
is common for the slab to release 
above the person on the slope. 
In essence, it’s like having the rug 
pulled out from under your feet—
the ground below you starts to 
move and before you know it, you're 
caught up and engulfed.

Slab avalanches can be small or 
extremely large. The potential size of 
an avalanche is related to the depth 
of the weak layer, and the size of the 
slope. The deeper the weak layer is 
below the snow surface, the larger 
the avalanche is likely to be, provided 
the slope is big enough for such an 
event. In most cases, a weak layer 
buried only 20 cm below the surface 
will result in a small avalanche that 
affects only part of the slope. On the 
other hand, a deeply buried weak 
layer 150 cm below the surface 
may cause a whole mountainside 
to release, with devastating 
consequences.

Avalanche size is also related 
to how well the weak layer propagates, or 
spreads out when the avalanche is triggered. 
Well-developed persistent weak layers such as 

surface hoar and depth hoar (see Pages 33 – 34) 
tend to propagate well, producing relatively 
large and dangerous avalanches.

The skier has just initiated a slab avalanche. It propagated above the 
rider, who is now on moving snow that is starting to disintegrate.
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Debris from a small slab avalanche has retained some of its original shape 
even as it has broken into smaller blocks. The smooth bed surface the 
avalanche slid on is visible in the top left of the image.
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Avalanche Types
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SLAB AVALANCHE TERMINOLOGY
The different parts of a slab 

avalanche are labeled in Figure 2. The 
area where the avalanche is initiated 
is called the start zone, the mid-
section is known as the track, and the 
area where the snow is deposited is 
called the runout zone. The whole 
area enclosed by the slide is the 
avalanche path. The stepped feature 
at the top is known as the crown or 
fracture line and the newly exposed 
snow surface that the avalanche slid 
on is known as the bed surface.

In a loose snow avalanche, the 
snow surface is poorly bonded 
(uncohesive) and slides down the 
slope under its own weight. Under the 
right conditions, a skier or boarder 
on a steep slope can readily trigger a 
loose snow avalanche; once in motion, 
it will keep on running down the slope 
until the slope angle lessens. These loose snow avalanches were triggered by skiers on the ridge 

preparing to drop in. If this is the only type of avalanche expected, 
they can usually be managed fairly easily.
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Figure 2: Elements of a slab avalanche.

A large slab avalanche descending a steep mountainside. The crown is indicated by the orange arrows. There is a large 
powder cloud resulting from the avalanche gaining mass and becoming airborne after going over a cliff. 
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LOOSE SNOW AVALANCHES



 There are two kinds of loose snow 
avalanches: loose dry and loose wet. Loose dry 
avalanches occur during cold weather when 
low density snow rests on the snow surface. This 
snow may be there because of a recent storm, or 
there may have been a sustained period of cold, 
dry weather that has left the snow surface dry 
and uncohesive. A small loose dry avalanche is 
called a sluff, and a skilled skier or boarder can 
manage this kind of avalanche by pulling away 
from the fall line every few turns. This prevents 
the sluff from becoming too large and lets it run 

safely by without a rider getting caught up in it.
Loose wet avalanches occur when the snow 

surface becomes moist, due to some kind of 
heating of the snow surface. The most effective 
form of heating is from the sun, but warm 
temperatures or rain are also possibilities.

Loose wet avalanches typically move slowly, 
giving an alert rider time to move out of the 
way. However, the dense nature of the wet snow 
means that if caught, a rider can get dragged 
down like an anchor.

Cornices are overhanging masses of snow 
protruding from sharp terrain features, such 
as ridges and peaks. They build up as a result 
of wind-blown snow that is added to the lee 
(downwind) side of the ridge as the air spirals 
around and slows down as it passes over the 
ridge. 

Cornices may suddenly collapse, either in 
response to changing conditions or due to a 
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A good view of a corniced ridge. 
Cornices should be treated with suspicion at all times 
but when the sun is shining, such as on this day, extra caution 
should be taken to avoid travelling on or below cornices such as this. 

Figure 3: Cornices grow in the same direction as the 
wind. Wind on the lee side of the ridge becomes tur-
bulent and slows down, depositing snow and growing 
the cornice. It's important to stay far back from the edge 
as cornices can break surprisingly far in from the edge.

Cornice Releases

Page 22  -  Avalanches



Avalanches  -  Page 23

person standing on top. 
Even a small one can weigh 
several tonnes and their 
dense nature makes them 
particularly hazardous. 
A cornice release imparts 
a large amount of energy 
onto the slope below, which 
can impact deeper weak 
layers within the snowpack. 
As a result, cornice-
triggered avalanches are 
often large.

 Certain terrain is more likely to produce 
avalanches than others. We call this avalanche 
terrain. The importance of being able to 
rapidly assess terrain for its avalanche 
exposure cannot be overstated as staying 
safe in the backcountry is all about selecting 
appropriate terrain for the conditions.

By taking courses, making your 
own observations and travelling with 
knowledgeable, experienced riders, it's 
possible to develop an intuitive understanding 
of where the hazardous parts of the mountain 
environment are.

The factors below are the most important 
for determining the severity of avalanche 
terrain. The severity increases if multiple factors 

apply. For example, a large, steep slope with 
convex features and terrain traps such as cliffs 
and gullies is more severe than a large slope with 
a good runout that is more uniform in nature.

On Page 28 we introduce the Avalanche 
Terrain Exposure Scale (ATES), which is a 
convenient rating system used in Canada 
to indicate the severity of avalanche terrain. 
ATES ratings are particularly useful during 
the trip planning step of the daily process (see 
Page 56). For now, let’s take a closer look at the 
individual factors associated with avalanche 
terrain. Regardless of whether or not you 
intend to stick only to areas with ATES ratings, 
it is beneficial to have a good understanding 
of the factors that influence avalanche terrain. 

Slope angle in the start zone is one of 
the most significant factors affecting the 
likelihood of avalanches. Most avalanches that 
affect people initiate on slopes between 30° 
and 45° (Figure 4)—approximately the same 
range of angles you'd encounter on single or 
double black diamond runs at a ski hill. Many 
backcountry enthusiasts pursue their sports on 
terrain that falls within this slope angle range 

Slope Angle
Figure 4: 

Slope angles on which 
slab avalanches occur 

correspond to those 
skiers and boarders 

like to ride.

Avalanche Terrain

A tragedy occurred on Mount Harvey in the Coast Range of British Columbia 
when five people on snowshoes fell to their death when part of the highlighted 
cornice collapsed. This picture was taken from the rescue helicopter.
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because sliding 
on snow of this 
steepness is fun!

Under all but 
the most unusual 
conditions, slopes 
shallower than 
25° are not steep 
enough to initiate 
an avalanche. On 
terrain steeper than 
45°, new snow tends 
to produce frequent 
sluffs, disrupting 
the smooth layered 
structure of the 
snowpack and 
reducing the likelihood of slab avalanches. 
Slab avalanches do occur on terrain between 
45° and 60° but are infrequent.

Despite the draw to steeper terrain, 
choosing lower-angled routes is a very effective 
way of reducing your risk and may be necessary 

when hazardous avalanche conditions exist. 
Learning to quickly assess slope angles is a 
good skill to develop. There are inexpensive 
aids available to measure slope angle, and 
using one of these tools will help calibrate your 
slope angle assessment.

How big is the slope in question? This may 
seem like a trivial question but it is really 
important for assessing the severity of 
avalanche terrain. Larger slopes allow for 
the possibility of larger avalanches which, 
if triggered, increase the consequences and thus 

the risk of injury or death. Conversely, moving 
across a small slope capable of producing only 
a small, size 1 avalanche carries a much lower 
risk, making it potentially a reasonable route 
choice for a well-equipped party, even during 
periods of elevated avalanche danger.

Moderate, or even flat terrain that may 
otherwise not produce avalanches can 
still be considered avalanche terrain if it is 
threatened by the possibility of a slide from 
above. Many routes involve passing under large 
avalanche paths, particular those that involve 
travel along the bottom of a steep-sided valley.

In areas where there is significant tree 
cover, it is usually fairly easy to recognize large 

avalanche paths by noticing the gaps in the trees. 
In alpine terrain or where there are no trees, you 
don't get this clue. If you know there are steeper 
slopes above you, it is likely you are still in 
avalanche terrain. If the slope you are riding on 
transitions abruptly to flatter terrain, you should 
move well back from this transition zone.

Deciding whether it is acceptable to cross 
slopes threatened from above is a decision 

EXPOSURE FROM ABOVE

SLOPE SIZE

This part of the slope was only just steep enough for the avalanche to run—some of 
the blocks slid only a small way down before stopping. 
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you may face during 
your day. Think 
about your length of 
exposure. If your track 
is flat or, even better, 
slightly downhill, 
you will be able to 
move more rapidly 
through the exposed 
section. Note that 
it's always harder to 
assess exposure from 
above during stormy 
or foggy conditions 
when visibility is poor.

Avalanches initiate more frequently from 
convex slopes, which are slopes that increase 
in steepness as you descend. These slopes 
are also known as convex rolls or roll-overs. 
Often avalanches start directly at or just below 
the most convex part of the slope.

Concave slopes and planar slopes are 
generally safer than convex slopes but if 

sufficiently steep may still avalanche 
under the right conditions. On small slopes, 
the lower-angled base of the slope is able to 
hold up or support the steeper part of the slope 
above, reducing the chance of avalanches on 
this part of the slope. Do not count on this 
effect for large slopes.

An avalanche triggered over a convex roll.
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Figure 5: Convex slopes are associated 
with regions of tension and are more likely 
to be trigger points. Concave sections of 
small slopes can sometimes support the 
steeper section above.

SLOPE SHAPE

The threat of avalanches from above is particularly hazardous during stormy conditions but 
may also be present on fine days, such as this one. 
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If sufficiently dense, stands 
of trees provide a certain amount 
of anchoring to the snowpack 
and reduce the likelihood of 
avalanches. The shade of the 
canopy tends to also limit the 
formation of weak layers, and 
tree bombs (chunks of snow 
falling from branches) disrupt the 
smooth layered structure of the 
snowpack.

Unless the snowpack is 
extremely weak, avalanches are 
highly unlikely to initiate on 
slopes covered by dense, mature 
timber. Provided you are capable 
of moving safely between the 
trees, travel in densely forested 
terrain can be a good choice 
during periods of elevated 
avalanche danger. A good rule of 
thumb is that if the canopies of 
the trees are touching each other, 
you are in sufficiently dense forest 
to provide good protection.

Slopes with sparse tree cover 
and/or open glades are more 
difficult to manage. On one hand, 
the presence of trees in these 
areas may help reduce the chance 
of triggering an avalanche. On the 
other, hitting even a small tree 
while being carried downslope 
in an avalanche could have dire 
consequences. About a quarter of 
avalanche victims in Canada die of 
trauma and a significant source of 
that trauma is from hitting trees.

Under conditions when very 
large avalanches are possible, 
extra caution is needed in areas 
below large avalanche paths, since 
they may have the potential to 
extend their runout into mature 
timber below.

Site of a fatal avalanche in Kootenay Pass, British Columbia. The orange 
dashed line indicates the extent of the avalanche. The victim near the 
top of the path hit a tree and died. A second victim lower in the path 
was carried through numerous trees and over small cliffs and sustained 
significant injuries. The weak layer—well-developed surface hoar 
crystals overlying a crust—was buried around 100 cm. It may not be 
immediately obvious that terrain such as this is prone to avalanches.
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This before-and-after sequence of photos was taken from the same point 
along the highway going through Glacier National Park, British Columbia. The 
stand of trees that was destroyed was about 50 m deep. 

AFTER

Forest Cover
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Orientation to the Wind
Under moderate or strong winds, new 

falling snow as well as loose surface snow tends 
to be moved from windward slopes (slopes 
that face the wind) onto lee slopes (downwind 
slopes). When this occurs, lee slopes become 
loaded with pillow-like wind slab deposits.

From far away, wind slabs appear smooth 
and sometimes softly rounded. From close 

up, they may have a streaked or ripple-like 
texture and the snow feels denser and more 
compacted  compared with the surrounding 
snow. Wind  slab deposits are most commonly 
found in areas immediately downwind from 
ridges, ribs or other abrupt changes in the 
shape of the terrain (see Page 46).

Slopes where wind transport occurs across 
the slope are called cross-loaded. On cross-
loaded slopes, downwind sides of small 
irregularities in the terrain, such as minor ribs or 
gullies, become the focus for wind slab deposits. 
This can result in variable wind slab deposits that 
can be difficult to anticipate. 

 The major factors in the development of 
wind slabs are the wind speed (25-50 km hour 
is ideal), wind direction and the availability of 
loose snow for transport. Mountains with broad, 
lower-angled slopes on the windward side and 
an abrupt steep transition on the lee side are 
particularly susceptible to wind loading.

Reverse loading occurs when the wind 
switches direction and previously wind scoured 

slopes start to build deposits of wind slab. 
In cold climates, reverse-loaded slopes are 
often more prone to avalanches because the 
snow on the previously windward side is often 
weak and facetted (see Page 34).

Figure 6: Wind slabs form as loose snow carried by the 
wind is deposited on lee (downwind) slopes.

The complicated patterns on this slope indicate the wind has swept snow from the ridge and deposited it onto the 
steep slope below, where extensive cross-loading has also occurred.
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In the northern 
hemisphere, the sun 
has the greatest effect 
on south-facing slopes. 
These are called solar 
aspects. On days with 
sunshine or high, thin 
cloud, the sun's rays 
warm and weaken the 
snow surface. Depending 
on snow conditions, 
this may be sufficient 
to trigger avalanches. 
It is common to see 
significant avalanche 
activity on solar aspects 
on the first sunny day 
after a storm, or during a 
warm spring day.

Slopes protected 
from the sun are also 
problematic but in a 
different way. Weak 
layers (see Page 32) tend 
to develop preferentially 
on cooler, north-facing 
slopes. When a weak layer 
becomes buried, these 
slopes become primed 
for human-triggered 
avalanches. As a result, 
shady slopes tend to be 
the riskier ones under 
cold, wintery conditions. 

Irregularities on the ground such as rocks, 
bushes, stumps and fallen trees provide 
anchoring for the lower layers of snow until they 
become buried. The amount of snow required to 
overcome the natural terrain roughness depends 
on the nature of the ground cover. Smooth rock 
slabs, grassy slopes, glaciers and slopes with 
snow cover remaining from summer may need 

as little as 30 cm new snow for avalanches to 
form. Rougher slopes with rocks, stumps or 
fallen trees usually require between 50 and 100 
cm of settled snow to smooth out irregularities 
before avalanches become possible. When there 
is insufficient snow cover to smooth out these 
irregularities, we say the snowpack is below 
threshold for avalanches to occur.
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The slope beyond the skiers is likely not a good choice under these sunny condi-
tions. If a weak layer was present in the snow, slab avalanches would pose a far 
greater threat than the loose wet avalanches in the picture.
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This slope has become warm. Moist snowballs (pinwheels) are rolling downslope. 

Terrain Roughness

Orientation to the Sun
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Once covered (or 
mostly covered—
avalanches are still 
possible with some 
bushes or rocks 
showing) the presence 
of buried objects can in 
some cases increase the 
chance of triggering an 
avalanche by creating 
points of weakness. This 
tends to be a problem 
during prolonged 
cold periods when the 
snow cover is thin and 
a sugary snow type 
known as depth hoar 
forms near the ground 
(see Page 34). Many fatal 
avalanches have been triggered from shallow, rocky start zones.

Terrain traps are features that 
increase the severity of being caught in 
an avalanche. They include obstacles 
that make physical injuries more likely, 
and features that can lead to greater 
burial depth.

Terrain traps that increase the risk of 
physical injury include:

• Trees  • Cliffs
• Rocks • Open water

Terrain traps that increase burial 
depth include:

• Gullies
• Flat sections (benches) 
• Crevasses

It is important to include the effect 
of terrain traps in your assessment of 
the terrain. For example, a small, steep 
slope may be a reasonable choice but if 
it’s above a cliff, that increases the risk 
significantly.

The rocks and the variable nature of the slab were both likely factors in the trigger 
of this slab avalanche.
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A small avalanche is all it would take to bury someone on this 
section of the route to the Bow Hut in the Alberta Rockies.
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 Simple Terrain           Complex Terrain          
 Challenging  Terrain   Major avalanche paths           
Terrain in many 

of the popular 
riding areas in 
Canada has been 
rated according 
to the avalanche 
terrain exposure 
scale (ATES), which 
is designed to help 
backcountry users 
assess the severity 
of the avalanche 
terrain for a given 
route or area. Terrain 
is rated as either 
simple, challenging, 
or complex.

 

Simple terrain 
has exposure 
to low angle or 
primarily forested 
slopes. Some forest 
openings may 
involve the runout 
zones of infrequent 
avalanches, but there 
are many options to 
reduce or eliminate 
exposure.

Under most 
conditions it is 
possible to move 
confidently through 
simple terrain, 
provided users 
remain vigilant 
and evaluate hazards such as small slopes with terrain traps, steep sections within cut-blocks, 
openings in otherwise forested terrain and exposure to avalanche paths from above.

Simple Terrain

Avalanche Terrain Exposure Scale

Simple terrain. Even here, it's good practice for recreational groups to maintain reasonable 
spacing, perhaps a little further apart than these skiers are. 

Figure 7: Example of ATES-rated terrain.
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Challenging Terrain
Challenging 

terrain has exposure 
to well defined 
avalanche paths, 
starting zones, or 
terrain traps. Options 
exist to reduce or 
eliminate exposure 
with careful route 
finding.

Travel in 
challenging terrain 
requires a more 
thoughtful approach, 
including a good 
assessment of 
conditions. There will 
be frequent points 
at which travel 
decisions will need to be made, based on the current conditions and options available. At some 
decision points, reducing risk might require advanced route finding skills.

Complex terrain 
has exposure to 
multiple overlapping 
avalanche paths or 
large expanses of 
steep, open slopes. 
Here, there are 
multiple avalanche 
starting zones, with 
terrain traps below, 
and minimal options 
to reduce exposure.

Travel in 
complex terrain 
requires a thorough 
assessment of 
conditions, advanced 
route- finding and 
terrain- assessment 
skills and a diligent approach to all aspects of avalanche risk management. 
If you enjoy riding in complex terrain, ensure to add patience to the list of required attributes—
it will help you wait for the right conditions.

Complex Terrain
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These skiers are moving from an area of simple terrain (foreground) to an area of 
challenging terrain, where they will need to make more careful route choices.
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Complex terrain such as this should only be considered under favourable conditions.
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Triggers are the “cause” of the avalanche —
what tipped the balance between there being 
unstable snow on a slope and the snow releasing 
as an avalanche. In some cases avalanches can be 

triggered by very small inputs such as light snow 
or a small amount of solar radiation. In other 
cases avalanches require large triggers such as a 
cornice failure or heavy snowfall.

The vast majority of avalanches occur due to 
the forces of nature: storms, wind, temperature 
changes and the influence of the sun. Avalanches 
triggered by these processes are known as natural 
avalanches. Common triggers are:

• Loading by new snow or rain.

• Loading by wind-blown snow.
• Temperature changes, particularly rapid  

warming close to 0°C.
• Cornice releases.
• Tree bombs (large chunks of snow falling from 

tree canopies), snow falling off cliffs, rockfall.

Avalanches triggered by people are known 
as human-triggered avalanches. About 90% 
of fatal avalanches are triggered by either the 
victim themselves or a member of their party. 

As we move over the snow, we impart 

stress that affects layers within the snowpack 
(Figure 8). Interestingly, the amount of stress 
imparted into the snow is similar for a skier 
and a snowmobiler, as the snowmobiler's 
increased weight is spread over a wider area. 

Human Triggers

Avalanche Triggers

Natural Triggers
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However, a snowmobiler pulling 
a tight turn with the track buried 
deep into the snow will cause more 
stress deeper within the snowpack, 
as will a skier or boarder landing 
hard on the snow after riding over 
a cliff.

 

Artificial triggers, such as 
explosives, are used by avalanche 
professionals to deliberately release 
avalanches in carefully controlled areas, such as 
along highway corridors and at ski hills.

You may see explosive-triggered avalanche 
results discussed in public avalanche forecasts, 

since they may be relevant for indicating how 
likely human-triggered avalanches could be. 
Remember that backcountry areas are not 
controlled by explosives.

In Canada, we use a scale from 1 to 5 to 
indicate the size of an avalanche (Table 1). 
The size of an avalanche is determined by its 
destructive potential, which also gives us some 
indication of the potential consequences of being 
caught in an avalanche of that size.

Provided there are no terrain traps, and the 
party is well equipped and travelling one at a time, 
being caught in a small (size 1) avalanche will 

generally have few, if any consequences (beyond 
maybe requiring a change in underwear!). A large 
(size 2) avalanche is sufficient to bury, injure or 
kill a person. This means any slope sufficient 
to produce a size 2 or greater avalanche needs 
to be evaluated carefully. A very large (size 3 or 
greater) avalanche is an extremely powerful and 
turbulent event, and the chance of surviving an 
avalanche of this size is greatly reduced.

Table 1: Canadian Avalanche Size Classification

Size* Destructive potential Typical path length (m) Typical mass (t)
1 Relatively harmless to people. 10 <10
2 Could bury, injure or kill a person. 100 100
3 Could bury a car, destroy a small building, or break a 

few trees.
1,000 1,000

4 Could destroy a railway car, large truck, several 
buildings or forest with an area up to 4 hectares (ha).

2,000 10,000

5 Largest snow avalanches known; could destroy a 
village or forest up to 40 ha.

3,000 100,000

*Half sizes from 1.5 to 4.5 may be used for avalanches that are between two size classes.

Artificial Triggers
Figure 8: A bulb of dynamic stress is imparted into the snow—how deep 
this penetrates depends on the amount of force applied and the proper-
ties of the snowpack. After Bruce Jamieson, 2008.

Avalanche Size
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The mountain snowpack builds 
up over the winter in a series of 
layers laid down by successive 
storms. Gaps in the storms are 
important too, as weak layers often 
develop during these periods.

The type of layers and how 
they are arranged determine the 
snowpack's strength and how 
likely avalanches are to occur. Slab 
avalanches require a weak layer to 
be overlain by a slab of stronger, 
more cohesive snow.

Weak layers are comprised of 
certain snow crystals that are poorly 
bonded. They form a layer that 
fails easily in response to a trigger, 
allowing the avalanche to slide 
downslope on the bed surface.

Weak layers can be associated 
with new snow (storm snow), 
crystals that grow on the surface 
(surface hoar), or crystals that grow 
or change within the snowpack 
(facets and depth hoar).

Some weak layers may only 
be active for a few hours, while 
others can persist for weeks or even 
months. A weak layer that persists 
for more than about a week is 
known as a persistent weak layer 
(PWL). The presence of a PWL 
is problematic and will result in 
there being either a persistent 
slab problem (Page 47) or a deep 
persistent slab problem (Page 48).

In this snowpit, a prominent persistent weak layer is visible buried about 
1 m below the snow surface. This is a dangerous snowpack. Although 
the depth of burial makes triggering less likely, if it was triggered the 
resulting avalanche would be large and destructive.
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The snowpack is laid down in a series of layers and may contain one or 
more weak layers. In this section of the upper snowpack there are two 
weak layers: the upper one is a storm snow interface while the lower one 
comprises surface hoar laid down during a cold, clear spell of weather.
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STORM SNOW
Most storm snow weak layers are 

comprised of large stellar crystals—
think of classic snowflakes with all 
their points intact. They typically 
form when it snows during calm 
conditions. When these crystals are 
large (around 3 mm) they form a 
weak layer that generally lasts for a 
few hours to a few days.

Some storms start out cold, 
then become warmer. Cold, low 
density snow at the onset of the 
storm becomes buried beneath 
warmer, denser snow. This is known 
as an upside-down snowpack; such 
conditions make slab avalanches 
more likely.

SURFACE HOAR
Surface hoar grows on the surface 

of the snow during cold, clear nights 
when the wind is light. It has a 
feathery or sometimes needle-like 
appearance, and shimmers when the 
light shines across it. Well-developed 
surface hoar crystals can measure  
10 mm or more.

Surface hoar grows on all aspects 
but the crystals are quickly destroyed 
by sun and wind, so they are best 
preserved on shady aspects in areas 
protected from strong winds.

The presence of valley cloud can 
dramatically speed up surface hoar 
formation at elevations near the 
cloud. Under ideal conditions, a layer 
of surface hoar may form in a day 
or two. If a stable weather pattern 
persists for a week or more, it's a good 
bet that a widespread, well-developed 
surface hoar layer will form.

 

Large feathery surface hoar crystals.

A surface hoar layer that has become buried by new snow.
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FACETS
Facets are small, square-sided snow crystals 

that resemble granular sugar. Like sugar crystals, 
they tend to bond poorly to one another.

Facets grow within the snowpack in response 
to differences in temperature between the 
different layers of snow. Facets grow at the 

fastest rate when the air temperature is cold and 
the snowpack is shallow.

Facets are uncommon in southern maritime 
areas and places where the snowpack is deeper 
than approximately 300 cm.

DEPTH HOAR
If the cold conditions that develop facets 

persist for a prolonged period of time, the 
square-sided facets turn into large cupped 
crystals known as depth hoar. Depth hoar 
forms most commonly at the base of shallow 
snowpacks in cold climates. It is particularly 
common in the Rockies. Once formed, 
depth hoar frequently persists through much 
of the winter season.

 
CRUSTS

Crusts are formed when the 
snow surface melts, due to warm 
temperatures, sun or rain, and 
subsequently freezes again. Crusts 
themselves are not weak. However, 
under some conditions, weak layers 
may form either directly above or 
directly below a crust.

When a weak layer lies right 
next to a strong crust, the enhanced 
contrast between the two makes 
avalanches more likely.

THE SLAB
Once the upper part of the snowpack above 

a weak layer has become sufficiently cohesive, 
we refer to it as the slab. Generally, the slab 
consolidates and becomes denser over time.

Slab avalanches that affect people usually 
require approximately 30 cm or more of 
moderately settled snow. They become 
particularly dangerous when the weak layer is 
buried 50-80 cm below the surface. Only well-
developed weak layers survive burial by more 
than a metre of snow and at this depth, they 

become difficult to trigger. However, if you do 
trigger one of these monsters, it will certainly 
be large and destructive.

The factors that promote slab 
development are:

• Wind (slabs laid down in a windy 
environment are likely to be denser).

• Warm temperatures.
• Additional loading by new snow.
• Time (over time the snow grains tend to 
 bond together).

A thin crust. 
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The weather is the source of it all. It's 
what brings the snow, moves it around by the 
wind, melts it, freezes it back into crusts, and 
promotes surface hoar and other weak layer 
crystals to grow. Knowing where to get a good 
weather forecast and understanding some of 
the terms used to describe the weather are 
useful for assessing what conditions to expect 
heading into the mountains.

An excellent weather resource for Western 

Canada is Avalanche Canada's Mountain 
Weather Forecast. Unlike most weather 
resources, this product is geared towards 
understanding the weather patterns in the 
mountains. Local forecasts for specific areas, 
such as those produced for certain ski areas, 
or through sites such as SpotWX can be very 
valuable too, but it is a good idea to look at 
the bigger picture trends before focusing on 
the details of a specific area.

Low pressure systems are associated with 
stormy conditions. They represent a swirling 
mix of cold and warmer air that is typically a few 
hundred kilometres in diameter. In the northern 
hemisphere, they spin counter-clockwise and 
track from west to east. On weather charts, 
low pressure systems are marked with a letter 
“L” (Figure 9). Troughs are closely related to low 
pressure systems and are also associated with 
stormy weather.

Fronts are features of low 
pressure systems. They mark 
the boundaries between the 
different air masses and are 
associated with precipitation. 
The style of precipitation 
changes depending on whether 
the front is a warm front, a cold 
front or an occluded front.

 Warm fronts are typically 
associated with a gradual onset 
of precipitation, where cloud 
cover progressively builds 
before precipitation eventually 
starts. As the warm front passes, 
temperatures rise. In winter, 
precipitation usually starts as 
snow and may turn to rain, 
depending on how high freezing 
levels rise. Rain is most likely to 
occur in southern coastal areas 

during early/late season storms, or if southerly or 
southwesterly upper level winds are blowing.

Cold fronts are associated with a rapid onset 
of intense precipitation, which generally falls as 
snow in winter. There is usually a notable drop in 
temperature as a cold front passes. Once the cold 
front has passed, skies will often start to clear.

Occluded fronts (or in Canada, the almost-
equivalent TROWAL—trough of warm air aloft) 

Low Pressure Systems

Figure 9: A deep low pressure system off the west coast of Canada is 
bringing rain, snow and wind to the central and southern British Columbia 
coast. Centres of low pressure are marked with an “L,” warm fronts are mar-
ked with a line of red semicircles, cold fronts are marked with a line of blue 
triangles, and occluded fronts are marked with a line of blue and red ticks.

Weather Factors
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typically bring light to moderate precipitation 
rates, which may be intermittent (showery) or 
continuous.

The intensity of snow or rain increases 
in mountain areas facing the wind (upslope 
areas) as the air is forced upwards and over the 
mountains, cooling the air and condensing it 
into clouds and rain. As the air descends over 
the range, less precipitation occurs. These areas 

are known as rain shadows.
Storm slab avalanches (see Page 45) 

are common if a low pressure system brings 
30 cm of new snow or more to a region within 
a 24-48 hour period. A more stable snowpack 
(as well as very good riding) may develop under 
a continuous pattern of light storms (5-10 cm per 
day), provided there isn’t a persistent weak layer 
becoming gradually buried by this new load.

High pressure systems and 
their closely related counterpart, 
ridges, are associated with fine, 
stable weather. On weather charts, 
they are marked with the letter “H” 
(Figure 10). High pressure systems 
can be warm if the source of the 
air is from the south, or cold if 
Arctic air moves down from the 
north. High pressure systems 
sometimes persist for several 
days or even weeks. 

After a couple of days of 
high pressure, it is common to 
start to see valley cloud develop, 
especially near the ocean and 
along rivers and lakes, making 
the weather seem dreary in the 
valleys but beautiful and bright at higher 
elevations above the clouds. In coastal areas, 
strong outflow winds often develop in major 
valleys during cold (Arctic) high pressure 
systems, as the cold air tries to escape 
downhill towards the ocean.

It is common for surface hoar and facets 

to form on the snow surface during high 
pressure systems, particularly those that last 
for several days or more. While on the surface 
these crystals pose no hazard. But once 
they become buried by subsequent storms, 
they can become responsible for dangerous 
persistent slab problems (see Page 47).

Generally, the higher you go on a mountain, 
the colder it gets. During an inversion, the 
opposite is true—it gets warmer with elevation. 
Inversions often happen during high pressure 
systems with little wind, as the cold air sinks to 

the ground and warm air moves higher up. They 
may also happen if warm air blows up from the 
south, and rides over the top of an existing cold 
air mass. Temperature inversion conditions are 
usually associated with valley cloud.

High Pressure Systems

Temperature Inversions

Figure 10: A high pressure system is dominating Alberta and most of British 
Columbia, bringing stable weather but some valley cloud. The zig-zag blue 
line is depicting a ridge, also associated with good weather.
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During inversion conditions, carefully 
evaluate higher elevation slopes for the 
possibility of rapid warming. It's also a good 

time to look at the snow surface and assess if 
and where a new weak layer may be forming.

 

Understanding how avalanche conditions 
vary in response to different types of weather 
can improve your ability to manage avalanche 
risk. Table 2 lists the major weather patterns 
that typically make avalanches more or 
less likely. Experienced parties can improve 

their decision making by incorporating an 
assessment of how local avalanche conditions 
will respond to the weather. However, first-
hand evidence of recent avalanche activity or 
unstable snow carries a greater weight than the 
general trends listed below.

Table 2: Weather Factors and Avalanche Conditions

Conditions that make 
avalanches more likely Conditions that make avalanches less likely

New Snow •  Snowing hard (2 cm or more 
per hour) for several hours

•  Consistent periods of light snow (5-10 cm 
per day)

•  30 cm or more new snow (less if 
windy) within the last 48 hours

•  Periods of no snowfall (although the next 
weak layer may form during dry conditions)

Rain •  Any amount of rain falling on 
previously dry snow

•  If rain-soaked snow subsequently freezes 
into a thick (3 cm or more) crust

Wind •  Wind speeds that are moderate 
or stronger (≥25 km/h)

•  Calm conditions

Temperature •  Rapid changes in temperature, 
particularly warming close 

 to 0°C

•  Cooling trends, especially freezing after a thaw
•  Very cold weather (although the next weak 

layer may form during very cold conditions)
Cloud Cover •  Sunshine or thin cloud •  Cloudy weather (but not stormy)

The Impact of Weather on Avalanche Conditions

An inversion under stable weather. Valley bottom temperatures may be -10°C or lower, while alpine areas may be close to 
or above zero. Surface hoar will be growing in shady areas, especially near the clouds.
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ANATOMY OF AN AVALANCHE CYCLE
Long periods of clear weather often pro-

duce potential weak layers on the surface of the 
snowpack. Mountain users should take parti-
cular note whenever such a period is followed 
by stormy weather. The first storms after a clear 
spell are often a concern, as the bond between 
the old and new snow can be very weak. If a big 
storm rapidly deposits large amounts of snow 
on an old, weak surface, significant avalanching 
will start almost immediately. 

Paradoxically, a series of less severe storms 
can often be more problematic than large ones, 
since the increase in danger is less obvious. There 
may be few or no significant avalanches initially, 
but over time, as snowfall amounts accumulate, 
the bond at the old surface will eventually be-
come overloaded. In these “incremental loading” 
scenarios, evaluating when the tipping point is 
at hand can be very difficult to assess.

December, 2017, Southern BC and Alberta 
A broad high pressure system dominated the 

weather for approximately 12 days, bringing clear 
skies at higher elevations, valley cloud at lower 
elevations and light winds. During this period, 
a widespread layer of surface hoar and facets 
grew on the surface. One observer reported: 
“Surface hoar up to 20 mm in open areas below treeline 
with surface facetting and surface hoar growth to 6 
mm at treeline and above.”

This weak layer was subsequently buried by 
stormy weather that started around December 
15. Snowfall amounts were initially light, but 
winds were variable, in some places gusting 
to 80 km/h. While the light snowfall amounts 
helped preserve the weak layer in some areas, 
strong winds broke it up in others, leading to 
highly variable snow conditions.

By Christmas, the weak layer was buried 
between 30-50 cm, depending on location. 
In many areas, signs of instability were noted 
and small human-triggered avalanches were 

starting to occur. One party noted: “Roughly 40-
50 whumpfs through the day all aspects between 
1750 m to 2000 m.”

After Christmas, another series of winter 
storms came through. By New Year, the weak 
layer was buried 60-80 cm. A number of 
human-triggered avalanches were noted at 
this time. One of these, a size 2.5 avalanche at 
Kootenay Pass, resulted in a fatality.

After a short break in the weather, light snow 
storms began again around January 5. Further 
sporadic avalanche activity was noted, but the 
variable nature of the snowpack made it hard to 
discern any particular patterns or trends. 

On January 8, warmer air invaded from the 
south, which sparked a significant number of 
large natural and human-triggered avalanches, 
including a size 2.5 avalanche near Jaffray, BC 
that resulted in another fatality. The weak layer 
responsible for this avalanche was determined 
to be the surface hoar buried December 15, 2017, 
which was now 100 cm below the surface. 
This avalanche was notable because it initiated 
on relatively low angled terrain on a partially 
forested slope.

Riding conditions were very tricky for the 
next couple of weeks, with a number of large 
avalanches and close calls. Avalanche Canada 
issued a special public avalanche warning at 
that time to notify riders that large dangerous 
avalanches were likely, even in the absence of 
new snow.

One of the avalanches triggered by a recreational group dur-
ing this avalanche cycle. The crown depth was 60 – 80 cm.
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4. Slab avalanches are most likely in terrain   
 with the following slope angles:
 a) Between 25-30 degrees.
 b) Between 25-35 degrees.
 c) Between 30-45 degrees.
 d) Between 40-60 degrees.

5. The following terrain features can influence   
 the chance of avalanches:
 a) Forest density.
 b) Slope shape.
 c) Orientation to the wind.
 d) All of the above.

6. Terrain traps can increase the risk of getting injured or killed in an avalanche due to:
 a) Getting buried in shallow deposits of snow.
 b) Hitting trees or rocks.
 c) Cornice failure.
 d) All of the above.

7. How is the adjacent terrain best described?
 a) Simple terrain.
 b) Challenging terrain.
 c) Complex terrain.
 d) Below treeline terrain.

8. How is the adjacent terrain best described?
  a) Simple terrain.
 b) Challenging terrain.
 c) Complex terrain.
 d) Treeline terrain.

9. How is the adjacent terrain best described?
  a) Simple terrain.
 b) Challenging terrain.
 c) Complex terrain.
 d) Non-avalanche terrain.

10. How is the adjacent terrain best described?
 a) Simple terrain.
 b) Challenging terrain.
 c) Complex terrain.
 d) Below treeline terrain.

Answers are in Appendix DQuestions
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DY On March 9, 2018, a group of six skiers had driven snowmobiles up a 
forestry road in southern BC. Parking their sleds, they began climbing up through mature 
forest to a steep treed ridge at an elevation of about 2050 m. The danger was rated as 
moderate for the elevation band they were planning to ski. The temperature was well below 
freezing and the group observed no signs of instability. 

There was a wide range of experience among the group members. The victim had recently 
completed an AST 2 and considers himself very risk averse. He knew the two most experienced 
members well and was comfortable with their risk tolerance, which is quite low. He had never 
skied with the other two but was old friends with the least experienced member, who was his 
partner for the day. 

As they climbed, the snow became increasingly wind-affected, leading them to consider a 
different descent route. Once at the ridge top, communication was hampered by the high winds 
and also their lack of familiarity with each other. Hurrying to get out of the unpleasant conditions, 
they dropped into a nearby drainage. From here on, the victim tells the story of this harrowing near 
miss in his own words.

I’ve heard people refer to being caught in an avalanche as “going for a ride.” To me this really 
misses how violent the experience is. I saw the slab breaking up around me and immediately 
screamed “AVALANCHE!” which caused my partner to duck in the trees and out of harm’s way. 
Had I thought of any other words, I wouldn’t have had time to voice them, as I was down and 
under almost immediately.

After I went down, I tumbled violently for several seconds as I tried desperately to pull the 
trigger on my airbag pack. I was very surprised by how hard it was to get my hand on the trigger 
as I tumbled. I believe this struggle is when I dislocated my shoulder. Quickly it started to get very 
dark. After a few seconds (what seemed an eternity) my hand connected with the trigger and the 
bag inflated. Suddenly it was light again, and I rode on top of the snow the rest of the way down. I 
was struck by how silent the whole experience was, especially given the violence of it.

When I was caught, I was carried past my partner (the least experienced member of the 
group) but deposited well above the other four group members. Had I been buried, the only person 
above me and in position to search and dig for me had only ever received the 15-minute trailhead 
companion rescue training I give him each year when he comes out to ski. 

Even before I stopped moving, I started looking around for my group members. I was terrified 
I had buried all of them. When I stopped, I jumped up and looked uphill, saw my partner, then 
shouted downhill for the rest of the group. They shouted back that they had all four. I think that 
was the moment I realized how much my shoulder hurt.
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RESPONSE AND REFLECTIONS
•   For me, a prominent emotion in the days following the incident was shame. I felt like 

I shouldn’t have let it happen, and the fact that it did reflects badly on me. I worry that 
people won’t want to ski with me because I’ll be perceived as incautious or incompetent. 
I worry that people who don’t ski will judge me for engaging in such a risky sport. I worry 
that you’re judging me while you read this.

•   It had snowed perhaps 15 cm the night before, as predicted by the bulletin. What I don’t think 
the bulletin predicted was the very strong winds we experienced. The wind loading of the slope is 
likely the key fact I failed to properly account for before skiing. But to me, the main lesson is about 
travel practices—how we could have approached and managed the slope as a group differently so 
that when the avalanche happened, we could be optimally positioned to deal with it. 

•   The group skied the top section of the run one at a time but did not communicate effectively about 
how to approach the run. I believe that if I hadn’t deployed the airbag, I likely would have been 
buried. And if I had been buried, I likely would have died—mainly because of how the group was 
spread out on the slope.

•   I also feel incredibly lucky. Lucky to be alive, lucky to have not been buried, and almost more than 
anything, lucky that nobody else in the group got caught, injured or worse. It could have very 
easily gone the other way. I was so impressed with the calm helpfulness of my group in getting all 
of us safely down the mountain to the highway. I will never forget it.
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The victim came to rest below the least experienced group member but some way above the other 
group members. It may have been better to have used the area indicated by the orange oval as a 
place to spot others coming down the steepest section of the slope where avalanches were most 
likely to happen.
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In Canada, regular avalanche forecasts are available for most of the regions where 
winter recreational backcountry use is common in BC, Alberta and Quebec. They are available 
on Avalanche Canada's website at www.avalanche.ca, or on the Avalanche Canada mobile app. 
In the US, head to www.avalanche.org.

Avalanche forecasts are designed to communicate the severity of the avalanche danger and 
its trend over time. They also indicate where the danger exists, and give advice on what kind of 
terrain you should seek, or avoid under the current conditions. 

Forecasts produced by Avalanche Canada, 
Parks Canada, and Alberta Parks (Kananaskis 
Country) have a consistent look and feel. They 
are designed to present the simplest and most 
pertinent information first, followed by more 

detailed information that may assist users 
with greater experience make more nuanced 
decisions. There are three main sections: 
Danger Ratings, Avalanche Problems, 
and Details.

Danger ratings are the element that most 
people with only some familiarity of avalanches 
are aware of. They give a simple overview of the 
severity of the avalanche danger within an area 
or region. The North American Public Avalanche 
Danger Scale uses five categories to indicate the 
degree of avalanche danger (Figure 11).

The danger levels are defined by the 
likelihood of avalanches and their expected size 
and distribution. By necessity, the language used 

is probabilistic. For example, under moderate 
danger, “natural avalanches are unlikely; 
human-triggered avalanches are possible.” 
One implication of this is that even at low 
danger, some chance of triggering an avalanche 
remains, although we expect them to be “small” 
and occur in “isolated areas or extreme terrain.”

Travel advice is given for each danger level.
In general, decision making in the backcountry is 
easier when conditions are either on the upper 

Danger Ratings

Figure 11: North American Public Avalanche Danger Scale.

Snap this link for a 
video about how to 
get the most from the 
avalanche forecast.
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end (high or extreme), when 
travel in avalanche terrain 
is not recommended, or at 
the lower end (low danger), 
when conditions are 
considered generally safe. 
It is much harder to make 
good travel decisions under 
moderate and considerable 
danger levels, particularly if 
you are not following a well-
defined process.

For most regions, danger ratings are given for 
three elevation bands: alpine, treeline and below 
treeline (Figure 12). Danger ratings are given for 
up to three days into the future. It's important to 
ensure you are looking at the right day and the 
appropriate elevation bands for your trip.

Danger ratings are important and 
convenient. The applicable danger rating is used 
in two places in the daily process: during trip 

planning and during slope evaluation.
Yet danger ratings have limitations. 

They only give information about the overall 
seriousness of the avalanche hazard, not about 
the nature of the avalanche problem or the kind 
of terrain you're most likely to trigger avalanches 
in. This missing information, critical for making 
more precise travel decisions, is available to us 
in the form of avalanche problems.

Experienced mountain travellers have 
long recognized there are distinct patterns of 
avalanche activity in the mountains that 
depend on a number of factors, including the 
state of the snowpack, recent weather 
patterns and the nature of the terrain. 
These patterns allow us to describe different 
styles of avalanche activity as a collection of 
different avalanche problems.

The avalanche forecast will identify up 
to three avalanche problems. Each problem 

will have four icons that indicate where the 
avalanche problem will be found (elevation 
zone and aspect), the likelihood of triggering 
and if triggered, what size to expect (Figure 13).

Avalanche problems help us understand 
more precisely what kind of avalanche danger 
is present and what kind of terrain it is likely to 
be found in. With knowledge of how different 
avalanche problems behave, you can better judge 
which slopes represent good terrain choices for 
the conditions, and which slopes are best avoided. 

Avalanche Problems

Figure 12: Elevation bands vary depending on location, aspect, and the particular 
geography of the mountain. Below treeline areas are characterized by dense forests, 
although open terrain may exist in avalanche paths and cut-blocks. Treeline areas are 
characterized by sparse forest cover and there may be frequent glades and open areas. 
Alpine terrain consists of wide expanses of open, exposed terrain with few or no trees.

Figure 13: An example of an avalanche problem from the public avalanche forecast. In this case a persistent slab problem 
exists at all elevations and aspects. The chance of an avalanche is between possible and likely and the expected size is 
between 2 and 3.5. We are also warned of three weak layers recently responsible for some very large avalanches. All told, 
this represents a very significant hazard to the mountain traveller; safe travel will require careful route selection.
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The following sections describe the general 
characteristics of each of the eight types of 
avalanche problems. Key characteristics are 

given, as well as the usual type of terrain the 
problem is associated with and some general 
advice for how to manage it.

Storm slab avalanches are associated with 
recent loading by new snow. Storm slabs 
may slide on a weak layer that formed during 
the storm itself (e.g. a layer of large stellar 
crystals) or on a weak layer that lies on top of 
the old snow surface (e.g. a layer of surface hoar).

The greater the amount and the rate of 
snowfall, the more likely storm slabs are to be 
found. Natural storm slab avalanches typically 

start after approximately 10 hours of snowfall at 
a rate of 2 cm or more per hour, or once 30 cm 
or more of new snow has accumulated over a 
period of 24 hours. Human-triggered avalanches 
become likely when similar snow amounts 
occur over a time period of around 48 hours. 
Avalanches can be particularly prevalent during 
storms where a rapid rise in temperature occurs, 
or when initial snowfall turns to rain.

Key Characteristics What Terrain How to Manage

•  Most likely to occur during storms 
with around 30 cm or more new 
snow.

•  Potential size of avalanches is 
related to the amount of new 
snow. Regular storms commonly 
produce size 1-2; large storms can 
produce up to size 3. Storm slab 
avalanches larger than size 3 occur 
but are rare.

•  Unless there is an underlying weak 
layer, storm slabs usually don't rip 
out entire slopes wall-to-wall.

•  Generally stabilize within 48 hours 
of the end of the storm, but 
can remain reactive for longer, 
particularly under cold conditions.

• Steep terrain that 
has seen a rapid 
accumulation of 
snow, particularly 
slopes over 
35 degrees.

• Often triggered 
from steep sections 
or convexities on 
the slope.

•  Avalanches are 
more likely in 
exposed terrain 
where wind helps 
consolidate the 
new snow into 
a slab.

•  Select lower angled slopes during and 
immediately after storm events. Coastal 
snowpacks typically require 24 hours to 
stabilize; interior snowpacks 48 hours or 
longer.

•  Avoid exposure to large paths where an 
avalanche may hit from above.

•  If you are riding during a storm, monitor 
the amount of new snow that has fallen 
and note whether it is consolidating into 
a slab. Back off into more simple terrain 
as amounts increase and the snow starts 
to consolidate.

•  Back off if you see evidence of nearby 
avalanches, or if you notice cracks 
appear in the snow surface or other 
signs of instability.

Storm Slabs
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A small storm slab avalanche such as this is usually soft and if triggered, will generally release at the person’s skis or board.
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Wind slabs form when blowing snow 
creates a dense slab layer over the top of 
a weaker underlying layer of snow. The 
weak layer is commonly new snow that had 
previously fallen under calmer conditions but 

could also  be a layer of facets or surface hoar.
Wind slab formation requires a source 

of airborne snow. This can come from new 
snowfall or from low density snow on the 
snow surface available for wind transport.

Key Characteristics What Terrain How to Manage

• Form when moderate or strong 
winds transport snow particles, 
which become deposited on lee 
(downwind) features.

• From afar, they appear as 
rounded, pillow-like features. 
From close-up, the snow surface 
may be streaked or have a ripple-
like appearance.

• Generally remain reactive to 
triggering for up to 48 hours; 
longer in cold conditions if a 
persistent weak layer is present or 
if the wind slab is hard.

• Form on the downwind side of 
ridges, peaks and other terrain 
breaks.

• When the wind is moderate, 
they are generally confined 
to areas immediately behind 
ridgelines.

• When the wind is strong, areas 
of wind slab may also start to 
form in more sheltered areas.

• Shifting winds can result in 
complicated patterns of wind 
slab on many aspects.

• Learn to recognize wind 
slabs by their appearance 
and feel. Anticipate slopes 
where wind slab may exist 
by monitoring the wind 
direction.

• Don't commit to a steep 
slope if the snow looks 
wind-affected or feels dense 
or stiff.

• Use ridges or ribs to descend 
to a lower line that avoids a 
wind-loaded entry point.

In public avalanche forecasts, it is common for forecasters not to list a wind slab problem 
when there is also a storm slab problem in the forecast. It is safe to assume that if storm 
slabs are listed in the forecast, you should also expect wind slabs in exposed lee areas.

A wind slab avalanche behind a broad ridge.
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Persistent slabs are characterized by 
the presence of a persistent weak layer 
(sometimes referred to as a PWL) that 
remains weaker than the surrounding 
snow for a prolonged period of time. As 
a result, avalanches may occur outside 
of stormy periods, making them more 
surprising and harder to predict.

Persistent slabs are most likely to result 
in dangerous human-triggered avalanches 
when the persistent weak layer is buried 
between 30 and 100 cm below the snow 
surface. Once it becomes buried more 
than about 1 m, it usually  becomes hard to 
trigger. Although if it is triggered, very large 
and destructive avalanches will result.

Persistent slab problems present 
dangerous and difficult-to-manage 
conditions for the backcountry traveller. 
Since both natural and human-triggered 
avalanche activity tapers off as the PWL 
becomes more deeply buried, unwary 
travellers may get a false sense there 
is no danger or that the danger has 
passed. Under such conditions, the 
absence of signs of instability should 
not be taken to mean the absence of 
avalanche danger. 

Key Characteristics What Terrain How to Manage

• Requires the presence of a 
persistent weak layer (PWL), 
comprising surface hoar, facets 
or depth hoar.

• The presence of a crust next to 
the weak layer may make this 
problem worse.

• Have high propagation 
propensity, meaning 
avalanches spread out wide and 
run far.

• Often associated with whumpfs 
(sudden collapses of the snow 
surface) and remote triggers 
(avalanches triggered from 
some distance away, including 
from below).

• Areas where the PWL was 
able to form on the snow 
surface and be preserved 
upon burial.

• Generally more prevalent 
in sheltered locations.

• May be specific to a 
particular aspect and 
elevation range.

• Most common location 
is on north to easterly 
slopes at around treeline 
elevation but other 
aspects and elevations 
are possible. Check the 
forecast!

• Avoid aggressive terrain choices when 
persistent slab problems are present.

• Select simple terrain and/or slopes of 
30° or less.

• Avoid convex features.
• Avoid exposure to the base of steep 

slopes due to the potential for 
remote-triggered avalanches.

• Avoid following tracks into terrain 
where you suspect persistent slab 
problems could exist.

• Exercise diligence in sticking to 
your terrain choices and use good 
travel habits.

• Exercise patience - conditions will 
eventually improve.

Persistent Slabs

This very large persistent slab avalanche has wrapped all around this 
mountain onto several aspects. Safe travel under these conditions 
requires avoiding avalanche terrain. 
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As is sometimes the case with persistent slabs, it was not the first skier who 
triggered this slope. The deep crown on the ridge indicates wind loading in 
that area. However, the presence of a persistent weak layer has made the 
avalanche spread out onto the relatively sheltered terrain to the lookers left. 
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Deep persistent slabs slide on a deeply 
buried persistent weak layer that usually lies at 
or near the base of the snowpack. The persistent 
weak layer commonly forms during prolonged 
periods of cold, clear weather early in the season 
when snowpack depths are still low.

Similar to persistent slabs, deep persistent 
slab problems can be unpredictable and 

difficult to manage. Once formed, deep 
persistent slabs frequently persist for an 
extended period, sometimes throughout the 
winter season. This problem type commonly 
generates low-probability, high-consequence 
scenarios, where the chance of an avalanche is 
slim, but the destructive potential of any that 
are triggered is great.

Key Characteristics What Terrain How to Manage

• Require a deeply buried PWL, 
usually comprising depth 
hoar.

• Can result in very destructive, 
full-depth avalanches.

• May go through a period of 
dormancy and then become 
active again, especially 
following storms or with the 
onset of warm, spring-like 
weather.

• More common in ranges with 
shallow snowpacks, such as 
the Rockies.

• Large open slopes and 
bowls are particularly 
susceptible but 
smaller features can 
release under the right 
conditions.

• Shallower snowpack 
areas are more 
susceptible than deep 
ones.

• Multiple adjacent slide 
paths may release at 
once if the terrain is 
connected.

• Maintain very conservative terrain 
choices.

• Select routes that avoid or limit 
exposure to large avalanche paths.

• Avoid following tracks into terrain 
where you suspect deep persistent slab 
problems exist.

• Exercise diligence in sticking to your 
terrain choices and use good travel 
habits.

• Exercise patience. Or take the 
opportunity to travel elsewhere, where 
deep persistent problems do not exist.

A deep persistent slab often results in a full-depth avalanche. This avalanche slid on depth hoar at the base of the 
snowpack. Some of the underlying rock of the mountain has now been exposed. 
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Wet slabs occur when water in a moist snowpack permeates down to a weak layer. They typically 
occur during warm spring conditions, when there is a buried weak layer in the snowpack.

Key Characteristics What Terrain How to Manage

• Occur under warm, spring-like 
conditions.

• Occur once large parts of the upper 
snowpack have warmed up to 0°C 
(isothermal conditions).

• May release on a weak layer within the 
snowpack or at the ground.

• Large open slopes that 
catch the sun.

• Lower elevation slopes 
where a persistent weak 
layer has previously 
been active.

• Avoid avalanche start 
zones and exposure to 
large avalanche paths 
when the snow has 
become moist due to 
solar radiation, rain 
or periods of intense 
warming.
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Wet slabs at lower elevation terrain on a south-facing slope near the end of the day.

Wet Slabs
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Cornices are overhanging masses of snow that can break off naturally or in response 
to added weight, such as a person (see Page 20).

Key Characteristics What Terrain How to Manage

• Grow under windy conditions 
when snow is available for wind 
transport.

• Most likely to collapse during 
storms, during periods of warm 
weather or sunny periods.

• Form along 
ridgelines.

• Threaten 
slopes below.

• Keep well back from the edge when riding 
or walking along ridge lines.

• Use a probe to ensure you are standing 
above rock.

• Give slopes threatened by cornices a wide 
berth.

Loose wet avalanches are surface avalanches involving moist or wet snow near the surface 
that has lost cohesion (see Page 19).

Key Characteristics What Terrain How to Manage

• Require sunshine and/or warm air 
temperatures.

• A daily cycle often develops under 
spring conditions; loose snow 
avalanches commence around noon 
and continue until temperatures cool 
in the late afternoon.

• Steep slopes, 
usually over 35°.

• Solar aspects, i.e. 
slopes that face the 
sun.

• Start and end your day early 
during warm, sunny weather.

• Avoid steep, sunny slopes during 
periods of intense solar radiation.

• If you trigger a loose wet 
avalanche, ride carefully to the 
side towards lower-angled terrain.

Loose wet avalanches affecting steep terrain on a hot, sunny day.
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Loose dry avalanches are surface avalanches involving cold, dry snow near the surface that has 
lost cohesion (see Page 19).

Key Characteristics What Terrain How to Manage

• Occur most frequently during 
storms.

• Can occur during non-stormy 
conditions under cold, dry 
conditions.

• Steep slopes, over 35°. • Avoid being knocked into a 
terrain trap.

• Cut out of your line every few 
turns to prevent a small sluff 
turning into a large loose dry 
avalanche.

• Ice climbers should avoid 
terrain that funnels loose 
snow.
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Loose dry avalanches initiating from a point, in this case from snow falling off steep rocks.

Loose Dry Avalanches
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The Details section of the forecast contains 
supplementary information that can be useful to 
further your understanding of the current state 
of the mountain environment. There are three 
sub-sections: Avalanche Summary, Snowpack 
Summary and Weather Forecast.

While the information here tends to be 
presented in a more technical manner, you will 
find information relevant to the daily process, 
making it worthwhile to understand more about 
these sections. As a guide to gaining the most 
value from this section, focus your attention (at 

least initially) on extracting the following two 
pieces of information:
1.  What are the expected weather conditions 

overnight and on the day of travel?
2.  Is there evidence of recent avalanche activity 

in your area?
The first will help you verify that conditions 

aren't worse than had been anticipated 
(Page 61).The second will help you assess 
whether recent avalanches have occurred (or 
are likely to occur), which is useful during slope 
evaluation (Page 65).

The Avalanche Summary provides 
information about recent avalanche activity 
that has affected the region. Forecasters use 
this section to list avalanches that are relevant 
to current conditions.

How old an avalanche observation can be 
and remain relevant depends on conditions 
and in particular, the type of avalanche problem 
it is associated with. For example, a forecaster 
may decide not to mention a small 

storm slab avalanche that occurred a couple of 
days ago under improving conditions, but may 
choose to list a large persistent slab avalanche 
that occurred over a week ago if conditions are 
not thought to have improved.

You may see the term avalanche cycle 
(sometimes natural avalanche cycle, or natural 
cycle) used. This refers to a period of increased 
natural avalanche activity that has either been 
observed or is anticipated in the region. 

The Snowpack Summary gives a description 
of the structure of the snowpack. Generally 
forecasters write this from the top down, 
i.e. starting with layers near the snow surface 
and proceeding on to deeper layers.

The kind of information you will encounter 

here includes: how much new snow has settled 
on the surface; the depth and crystal type 
associated with weak layers; and how well the 
weak layers are bonding to surrounding layers. 
The forecaster may also discuss any important 
regional variability they have noted.

In this section you will find a three-day 
weather forecast for the region in question. 
It lists: the amount of expected precipitation 
and its type (snow or rain); expected wind 
speed and direction; information about 
the expected temperature and/or freezing 
level; and information about whether 

solar radiation is anticipated.
This weather forecast indicates the values 

or range of values for the weather parameters 
used by the avalanche forecaster to determine 
danger ratings and other elements of the 
public avalanche forecast.

AVALANCHE SUMMARY

SNOWPACK SUMMARY

WEATHER FORECAST

DETAILS SECTION



Answers are in Appendix DQuestions

11. Your regional avalanche forecast can help you   
 find information about:
 a) The presence of a persistent slab problem.
 b) Reports of recent slab avalanches   
  observed.
 c) Expectation of loading through additional  
  snow and/or wind.
 d) All of the above.

12. Which of the following statements are true:
 a) Storm slabs usually remain reactive to   
  triggering longer than persistent slabs.
 b) Wind slabs are most common in the   
  below treeline elevation band.
 c) Loose wet avalanches are more common   
  on solar aspects as compared to 
  polar (northerly) aspects.
 d) All of the above.

13. Which of the following statements are true:
 a) Deep persistent slabs are more difficult   
  to trigger than storm slabs but are usually  
  more destructive.
 b) Natural avalanches are just as likely   
  during high danger as they are during   
  moderate danger.
 c) Cornices only release  when people get   
  close to the edge.
 d) All of the above.
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“Things look stable and I’ve never seen avalanches in these trees.” That was 
the last thing I said before I skied off down the hill. Then the snow started to crack beneath 
my skis.

It was the spring of 2011, a great ski year, and my buddy Sparky and I were ski touring at 
Kootenay Pass. As usual, we had checked the avalanche forecast the night before:

 

Our plan was to tour into Twin Lakes and ski mostly treed terrain in an area with an 
ATES rating of challenging. This put us in the extra caution (yellow) zone on the Avaluator 
Trip Planner.

About 40 cm of new snow had fallen over the previous two days. The snow had stopped 
that morning and temperatures were cold, -10°C. Our first run was fabulous. The snow was 
calf- to knee-deep. We skied over a few small, steep rolls and nothing moved.

From Twin Lakes, we made our second climb up onto the ridge below The Muffin. 
Our plan was to ski the east-facing trees back to Twin Lakes. We weren't overly concerned 
about our terrain choice given the conditions but decided to dig a snow profile near the 
top of the climb, “just for fun.” We were surprised to find no weak layers in the snowpack. 
According to the tests we performed, the new snow was bonding well to the previous snow. 
We continued to the top of the run and had a discussion.

Based on our findings, we asked ourselves if our terrain choices were too conservative. 
We started talking about skiing the LSD chute, a beautiful long steep feature, capable of 
producing a size 3 avalanche if triggered. The temperature was still cold and the cloudy 
conditions were keeping the sun’s rays from affecting the snow. With everything we had 
seen so far, it seemed like the new snow had bonded and everything was stable.

No LSDCase Study

Avalanche forecast for the day in question. Recent new snow had created a storm slab problem in the area.
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The LSD chute was not in the plan. On the drive to the pass we had specifically decided 
against skiing any terrain capable of producing big or consequential avalanches. Our disciplined 
approach over the years always followed the rule that once a run was taken off the list for the 
day, it could not be added back. Yet, we were tempted.

Thankfully, our good sense prevailed and we didn't ski the LSD chute. Instead, we turned 
our attention to the adjacent, semi-open trees. We made the decision to leapfrog through the 
terrain, one at a time.

When the avalanche started, I felt the snow trying to pull me down the hill into the thicker 
trees. My instincts helped me tackle a tree, forcing me to let go of my poles, which were quickly 
swept away. Sparky soon skied up and asked, “Keith, what happened?” I was in a bit of shock and 
could only repeat his question — “Yeah, what happened?”

I was so surprised by the avalanche, which was 40 cm deep and more than 50 m wide. I was 
really embarrassed by the fact that we had given the LSD chute strong consideration. Triggering 
the same layer in that terrain would have guaranteed a big ride with potentially deadly 
consequences. I felt terrified that we almost made the wrong decision. 

It was an unnervingly close call. The avalanche I triggered was a size 2 and if I hadn't tackled 
the tree, I could have been hurt. But I also felt relief. We had avoided a worse outcome by 
sticking to our disciplined approach. 

The lessons I learned include the following:
•  This situation was challenging. Snowpack tests and other observations gave no sign of 

instability, yet the snowpack was unstable. 
•  40 cm of snow in 48 hours is a fair amount of new snow, which takes time to bond. 

Avalanche Canada had correctly forecast considerable danger.
•  I underestimated the potential of a bigger avalanche in that terrain. The semi-open trees 

made me feel safer, thinking only small slides were possible.
•  I had skied that slope numerous times without seeing avalanches. That human factor added 

to my confidence that it would not slide on that particular day.
•  Good travel habits ensured only one of us was on the slope when the avalanche happened.

•   Good communication 
and discipline helped us 
avoid what could have 
been a deadly accident. 
Instead, we lived to tell the 
tale of our close call.

The LSD chute on the left of the photo is a long, committing feature best 
reserved for good conditions.
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Just go! Let’s be free in the mountains. Shake off all the rules and constraints of normal 
life and escape. I want it to be me and my friends, simply moving through the backcountry, 
effortless, timeless, pure. Anything comes up, we’ll just deal with it along the way.

Does this capture any of the primal reasons drawing you to the backcountry? Maybe you 
recognize some of these sentiments in yourself, or in somebody you know. Not everyone feels this 
way—many people relish planning and being prepared for every eventuality—but the themes 
of spontaneity, discovery, self-reliance and adventure are prevalent in those who enjoy spending 
time in the backcountry.

Yet our intentions are to voluntarily—
nobody's making us do this—enter a 
complicated and potentially dangerous 
mountain environment. If you're going to stare 
in the face of danger, it's a good idea to have 
some kind of a plan.

In the introduction, we discussed the 
benefits of adopting a systematic approach 
when undertaking tasks in a wicked learning 
environment such as travelling in avalanche 
terrain. We argued it helps to make consistent, 
well-judged decisions despite a lack of useful 
feedback from the environment. Additionally, 

having an appropriate structure to your trip 
should allow you to travel with less worry, 
freeing your mind to focus on enjoying all 
the great aspects of spending time in the 
backcountry.

The approach we recommend is simple 
and intuitive. It's already followed by a great 
many backcountry travellers, recreationists 
and professionals alike. We've called it the daily 
process, named to emphasize the importance 
of following its steps for every trip into the 
backcountry.
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The main components of the avalanche 
forecast—danger ratings, avalanche problems 
and details—have been discussed in Section 3. 
If you can, it's a good idea to start reading the 
avalanche forecast a few days before your trip, 
to get a sense of how conditions are evolving.

On the night before or morning of 
travel, focus on answering the following 
questions from the avalanche forecast:

1. What are the danger ratings in the  
elevation bands you expect to travel in?

2. What avalanche problems exist and   
where? In particular, is there a persistent or 
deep persistent slab problem listed?

3. What is the expected weather?
4. Are there any recent avalanche 
 observations for your area?

Each of these elements will be useful in 
later steps of the daily process.

Avalanche Canada has developed a method 
for estimating avalanche danger in areas where 
no avalanche forecast is available. This method, 
or “tool,” is known as the Dangerator and is 
described in Appendix A.

The Dangerator will help estimate the 
danger rating for your area, allowing you to 
use the Avaluator to plan your trip (Step 2) 

and perform slope evaluation (Step 6). It also 
gives advice on how to assess whether a 
persistent slab problem exists. You'll need to 
use the Mountain Weather Forecast or other 
appropriate weather resource to determine 
expected weather conditions, and rely on your 
own or others' observations to determine if 
there have been any recent avalanches.

Remember, you can't change the avalanche 
conditions—Mother Nature is in charge of 
that. However, what you can do is select an 
appropriate objective for conditions you expect 
to encounter. There is a tool that helps to do 
this—the Avaluator Trip Planner. It makes 
direct use of the avalanche danger ratings you 
just learned from the avalanche forecast.

The Avaluator Trip Planner takes the 
avalanche danger ratings and makes 
recommendations about different categories of 
terrain under the given conditions. The terrain 
categories are those from the ATES rating system 
(see Page 28): simple, challenging and complex.

1. Get the Forecast

2. Plan Your Trip

Where no Forecast is Available

The Avaluator Trip Planner

Figure 14: Under these conditions, considerable is the 
highest rating for the day, meaning travel in complex 
terrain is not recommended. Extra caution should be 
used in challenging terrain. Simple terrain is recom-
mended provided normal caution is observed.
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To get the correct recommendation for 
simple terrain, select the danger rating for 
the specific elevation band the route passes 
through. To get the correct recommendation 
for challenging and complex terrain, use the 
highest danger rating of the three elevation 
bands to account for the risk of exposure to 
overhead hazard from above. Figure 14 and 
Figure 15 are two examples of how the Trip 
Planner works with different avalanche danger 
ratings.

The regions of the chart are coloured green, 
yellow and red, which represent combinations 
of conditions and terrain that are generally 
appropriate (normal caution), require 
careful route-finding and decision making 
(extra caution), or should be avoided (not 
recommended). 

If you find yourself drawn to the red, not 
recommended area of the chart, your risk 
exposure may be too high. Even if you have so 
far escaped being caught in an avalanche, you 
run an increased likelihood of being caught at 
some point if you continue to recreate within 
this risk band.

If you stick to the green, normal caution 
area, you are selecting terrain that you can 
generally move around in with a good degree 
of confidence. While it’s always a good idea 
to evaluate individual slopes and be on the 
alert for conditions that differ from your 
expectations, accidents within this risk band 
are infrequent.

Things get a little trickier in the yellow, extra 
caution area of the chart. Here, you can expect 
some slopes to be safe, while others are more 
likely to produce avalanches. The Avaluator Trip 
Planner has the following advice:

“Safe travelling under these conditions 
demands an advanced understanding of the 
character of the current avalanche problem. 
This includes knowing which field observations 
are most useful under the given conditions 
and which terrain features to favour or avoid. 
Advanced trip planning and group management 
skills, significant personal experience, and 
humility are essential.”

If you find yourself recreating in the extra 
caution risk band, you are accepting a higher 
level of risk. To mitigate the increased risk, 
you'll need to constantly evaluate slopes 
and question whether it's time to seek safer 
alternatives. While using safe travel habits is 
always a good idea, they become even more 
critical when travelling in this risk band.

Once you have decided the category of terrain 
you are comfortable with under the conditions, 
you need to choose a trip that matches that 
rating. In areas where ATES ratings are available, 
simply select an appropriately rated route or 
area. Where ATES ratings are not available, you'll 
need to use the descriptions and examples given 
in Section 2 to select appropriate terrain that 
compares to your selected terrain category.

 
Snap this link or look in the 
Backcountry Resources section at 
avalanche.ca for Avalanche Canada's 
interactive Trip Planner.

Figure 15: Under these conditions, travel in challenging 
and complex terrain is not recommended. Even though 
treeline danger is rated at considerable, we must use 
the highest rating—high—for travel in challenging or 
complex terrain. Simple terrain is recommended under 
normal caution below treeline and at treeline.
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B is for backup. A backup plan is a lower-
risk alternative route the group can switch to 
should conditions deteriorate between 
planning and travel.

Having a backup plan minimizes the friction 
of switching from a higher risk objective to a 
lower risk one. It allows your group to respond 
readily to situations if actual conditions turn out 
to be worse than expected.

Before you travel, it's important to make 
sure every member of your group is equipped 
with a transceiver, probe and shovel, and 
they know how to use them. Check that 
you have sufficient battery power in your 
transceiver: at least 40% or the manufacturer's 
recommendation for a normal one-day tour.

The best place to make these checks is 
before you leave home. If you are faced with a 
situation where someone has forgotten one of 
the avalanche essentials and it's impractical to 
go back for it, remember why they are carrying 
this gear. It could potentially be used to save 
your life as well as their own. Suggest staying 
out of avalanche terrain completely for that 
day, or choose a different activity altogether, 
such as riding at the local ski hill.

At the trailhead, make sure everyone has 
their transceiver switched on and in transmit 
(send) mode. Some transceivers have a group 
check function that gives an audible beep when 
1 m from a correctly functioning transceiver. 
This can be convenient for checking people's 
transceivers while everyone is gearing up and 
getting ready to go. Another approach involves 
the group passing one-by-one past somebody 
stationed a little way up the trail who has 
their transceiver initially in search (receive) 
mode. For both methods, it is important to 
ensure the person doing the checking turns 
their transceiver back to transmit (send) mode 
before proceeding up the trail.

 In addition to the avalanche essentials, 
also make sure you have enough food, liquids, 
warm clothing and the recommended group 
gear (Page 81). If you use an avalanche airbag 
pack, make sure it is activated for use (Page 80) 
before setting off.

3. Check Your Gear

Have a Plan B Plan Your Group
Staying safe in avalanche terrain comes 

down to choosing appropriate terrain for 
the conditions; making that happen is up 
to the members of your group. Having a 
group that can work together when making 
crucial decisions is just as important as 
having information about snow conditions. 

Groups usually work best when 
members’ expectations for the day 
are aligned. This can be aided by good 
pre-trip communication. Group size is 
important—large groups may have trouble 
communicating effectively. Once there 
are more than about six people, it may be 
better to split into separate groups. 

Finally, resist the urge to allow last-
minute additions, especially people you 
don't know or just met last night at the bar. 
Recommend people without avalanche 
training take an AST course before you take 
them out with you.
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Most avalanche forecasts are regional 
products that cover a wide geographical area. 
It is common for conditions to vary from one 
part of the region to another. On account 
of this regional variability, as well as due 
to uncertainties in the weather forecast, an 
important step in the daily process is to verify 
conditions for your intended area.

The aim is to determine whether 
conditions are worse than expected. 
If conditions are worse than expected, 
you need to act. There are three options for 
adjusting things to maintain an appropriate 
risk level:

a. Switch trip plans to a lower risk option 
(your plan B if you’ve made one).

b. Abort the trip.
c. Continue with the trip, but place greater 

emphasis on slope evaluation and 
maintaining good travel habits.
The best time to verify conditions is in the 

morning, just prior to leaving for your trip. 
That way it's easy to select an alternative route 
if required. Once underway, you may still be 
able to modify your trip but fewer options 
may be available and you may already find 
yourself exposed to avalanche terrain under 
deteriorating conditions.

To keep things simple, we're going to 
focus on one factor: the amount of new 
snow. Information about this factor is readily 
available and it is generally easy to interpret.
1. Figure out how much new snow was 

expected overnight and during   
the day of travel by looking in the Weather  
Forecast discussion on the Details tab of 
the avalanche forecast.

2. Compare the expected snow amounts with  
local information from your area. Potential  
sources of information include:

 • Remote weather stations.
 • Ski area reports.
 • Web cams.
 • Observations made while travelling 
    to the trailhead.
3. If the amount of new snow is a few 

centimetres more than expected, or it 
looks as though storm amounts will make 
it that way during the course of the day, 
you should consider adjusting your trip to 
account for avalanche conditions being 
worse than expected.
Sometimes the avalanche forecaster puts a 

specific caveat in the headline of the avalanche 
forecast (Figure 16), in which case you should 

heed the advice given if conditions match 
those described. 

You may be able to apply the same basic 
idea to additional factors such as temperature, 
wind loading and avalanche observations. 
However, reliably sourcing and interpreting 
observations pertaining to these factors before 
you are committed to your primary route 
plan can be challenging. Usually these factors 
become apparent during travel and will need to 
be considered during slope evaluation.

Method for Verifying Conditions

Figure 16: A headline that contains advice on how to 
adjust the danger if the actual weather brings more 
snow than forecast.

4. Verify Conditions
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Travel habits are strategies we use all the time to tip the odds in our favour. Used diligently, 
they reduce the likelihood of getting caught and minimize the severity of the situation should an 
avalanche occur. It's good practice to employ these techniques regardless of conditions. That way 
they become routine behaviours or habits and will protect you from surprise events.

Good Communication
Keep open lines of communication and involve all members in decision making. Many groups 

use two-way radios to stay in contact when they spread out in avalanche terrain.

One at a Time
Wherever possible, expose only one person at a time to avalanche terrain. In big terrain, 
be strategic about spreading out to reduce the potential consequences of an avalanche.
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Group discussion .

Exposing one at a time crossing an avalanche path.
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Group Up In Safe Spots
Group up out of avalanche terrain but also keep in mind your position for a potential rescue. If you 
descend too far or out of view, you may not see an incident and it could take a long time to climb 
back up if a rescue is required.

Plan an Escape Route
Plan an escape route before you commit to a slope.

Potential group-up locations with escape routes marked by arrows. There is usually a trade-off between 
minimizing exposure and being able to see other riders on the slope.
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If riding the skier’s right side of the avalanche path, escape to the right. If riding the skier’s left side of the path, 
escape to the left. The exit locations shown in the photo are also good places for group members to wait, 
while leapfrogging down the slope.
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Use Terrain Wisely
Exploit terrain features to your advantage. Utilize high ground, such as ridges and ribs rather than 
being sucked into gullies. Maintain situational awareness of the terrain, including what is above 
and below you.

Actively Look For Instabilities
Jump on small rolls and slopes with little to no consequence at every opportunity to see if you 
can get the snow to fail.

 

This feature is on the large side of what constitutes "no consequence terrain" but the information 
is extremely valuable! 
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The gullies in this photo, indicated by the orange dashed lines, are best avoided. Better route choices 
stick to the high ground and are shown in green.
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It's important to determine whether 
each slope you ride (or climb, or walk on…) 
represents a good choice under the given 
avalanche conditions. When we drive on the 
highway, we continually evaluate the tightness 
of the corners and the quality of the road 
surface and adjust our speed accordingly. 
Likewise, when we travel in avalanche terrain 
we need to continually evaluate the severity 
of the avalanche hazard and the seriousness 

of the slope and adjust our terrain selection 
accordingly.

With practice, slope evaluation can become 
instinctive. But to develop the right instincts, 
it's good to start with a structured approach. 
The Avaluator Slope Evaluation Card gives us 
a good basis for deciding whether a slope is 
a reasonable choice or whether a lower risk 
alternative would be better.

The Avaluator Slope Evaluation Card 
works by tallying scores for two groups of 
factors: avalanche conditions (Table 3) and 
terrain characteristics (Table 4). Once you 
have your scores, use the colour-coded chart 
on the reverse side to determine whether the 
slope is recommended under normal caution, 
recommended under extra caution or is not 
recommended for travel.

If you lie within the green, normal caution 
zone, your route choice is most likely sound. 
Continue to use good travel habits to guard 
against the residual chance of triggering a slide.

If you 
lie within 
the red, not 
recommended 
zone, you are 
most likely 
taking too 
high a risk by 
committing 
to the slope. 
While a 
particular slope 
may not release 
on a given day under such conditions, sooner 
or later the combination of aggressive terrain 
choice and dangerous avalanche conditions 
will catch up with you. If you make this your 
pattern, eventually you'll trigger an avalanche 
and go for a ride. Rather than roll the dice, 

reflect that it will be possible to return when 
avalanche conditions are improved, and ride 
the slope under more favourable conditions.

If you lie within the yellow, extra caution 
zone, deciding what to do is trickier. The simplest 
approach is to review the terrain factors you have 
checked for the slope in question and see if it's 
possible to eliminate any by varying your route 
or your line a little. Maybe it's possible to stay to 
the left of the slope where the slope angle is 33° 
as opposed to hitting the line on the right which 
goes up to 38°. Maybe you can work down a line 
of trees to avoid a convex section of the slope. 

Maybe you can stay high on 
a traverse to avoid exposure 
to a gully or other terrain 
trap. By reducing your terrain 
characteristics score, you are 
actively selecting terrain that 
better matches the current 
avalanche conditions.

6. Evaluate Slopes

Avaluator Slope Evaluation Card

on a given day under such conditions, sooner 
or later the combination of aggressive terrain 
choice and dangerous avalanche conditions 
will catch up with you. If you make this your 
pattern, eventually you'll trigger an avalanche 
and go for a ride. Rather than roll the dice, 

a traverse to avoid exposure 
to a gully or other terrain 
trap. By reducing your terrain 
characteristics score, you are 
actively selecting terrain that 
better matches the current 
avalanche conditions.
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Table 3: Avalanche Characteristics from the Avaluator Slope Evaluation Card, with their associated score 
and notes on when each factor should be checked.

Regional Danger Rating
+1 Point

If the regional danger rating for your elevation band is considerable 
or higher, check this factor.

Persistent Avalanche 
Problem

+1 Point

If a persistent slab or deep persistent slab problem is listed in the 
avalanche problems of the avalanche forecast, check this factor.

Slab Avalanches
+1 Point

If you become aware of any slab avalanches in your area within the 
last 48 hours, check this factor. In addition to your own observations, 
include pertinent details from the avalanche forecast, Mountain 
Information Network (MIN) reports, Mountain Conditions Reports 
(MCR), and reliable posts on local social media groups. 
Recent slab avalanches tend to have sharp features (crown, sidewalls, 
debris). Older avalanches are more rounded and may be partly 
covered with new snow.

Signs of Instability
+1 Point

As you travel, be alert to the sound and feel of whumpfs in low angled 
terrain. Cracks in the snow surface may appear during switchbacks 
or as you move into denser snow. Drum-like sounds may be felt in 
exposed areas, particularly where wind deposits have become hard.

Recent Loading
+1 Point

If available, use weather station data to gauge the amount of recent 
new snow just prior to travelling. Assess the amount of new snow by 
noting how deep your tracks are. Look for signs of wind loading such 
as snow blowing in plumes off ridge crests. If amounts of new snow 
combined with wind-blown snow are 30 cm or more, or there is any 
amount of rain, check this factor.

Critical Warming
+1 Point

Check this factor if there is strong sunshine, warm temperatures and/
or rain. Signs of critical warming include the snow surface becoming 
moist, snow falling out of trees, and pinwheels rolling out of steep 
terrain.

Whumpfs are experienced when a section of low angled snow drops rapidly (usually by several millimetres) accompanied 
by an unmistakable noise that sounds like “whumpf.” They are strong indications of unstable snow and experiencing one 
should be a warning to avoid avalanche slopes in the area.
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Table 4: Terrain Characteristics from the Avaluator Slope Evaluation Card, with their associated score and 
notes on when each factor should be checked.

Slope Steepness
>30°: +1 Point
>35°: +2 Points

Add one point for slopes between 30-35° (similar to black diamond runs 
at a ski hill) and two points for slopes over 35° (similar to double black 
diamond runs).

Terrain Traps
+1 Point

Check this factor if the slope includes any feature that would increase the 
severity of an avalanche, such as a gully, cliff, crevasse, rapid transition to 
a flat section, rocks, or trees.

Slope Shape
+1 Point

Check this factor if the slope rolls over in a convex shape.

Forest Density
+1 Point

Unless you are in mature forest with a mostly covered canopy overhead, 
give this factor a check.

The slope evaluation card works very well 
to give you an objective assessment of how 
risky your slope choice is and to highlight the 
avalanche and terrain factors that are in play. 
Most experienced users consider the red, not 
recommended section of the chart to be well 
calibrated and agree that if you're operating 
within this zone, you'd be wise to dial things back.

In practical use, users have reported that 
it may be difficult to find combinations of 
avalanche conditions and terrain that result 
in a green, normal caution assessment. Also, 
there are some terrain factors, namely slope 
angle and forest density that may be used by 
themselves to effectively reduce or eliminate 
the avalanche risk.

The following factors bear special 
attention because under the right 
circumstances, they can be used by 
themselves to minimize the likelihood 
of triggering an avalanche. Provided the 
terrain has sufficient options to allow 
for their use, they make great fall-back 
strategies to help you lower the risk.

Slope Angle: As long as there is no 
exposure from above (see Page 22), you 
can effectively lower your avalanche 
risk simply by choosing low angled 
slopes. If you select non-exposed 
slopes less than 30 degrees, you will 
have eliminated the risk under all but 
the most unusual conditions.

Limitations of the Slope Evaluation Card

Minimize the Likelihood

Supplementary Approaches to Slope Evaluation

Ku
rt

 W
ith

er
s

Great skiing in terrain under 30°. 
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Forest Density: Provided you are in sufficiently dense forest (see Page 24), you can eliminate 
almost all avalanche risk by riding in tight trees. When very large avalanches are possible, you may 
need to account for the danger of avalanches running beyond their normal runout zones.

A different approach to managing risk is to accept there is a chance of triggering an avalanche, 
but select small terrain features where the consequences of doing so are very low. The key to 
managing the risk in this way is to select small slopes with no terrain traps that only support small 
(size 1) avalanches. It is also critical to be with a correctly equipped party with well-practiced rescue 
skills and to expose only one person to the slope at a time.

Forest cover: most of the dense forest on the left side of this photo can be considered safe from avalanches, 
although there are a few clearings that might be best avoided if conditions are very bad. In contrast, the 
trees to the right are not sufficiently dense to prevent avalanches, and could instead increase the hazard. 
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The avalanche on the left was triggered on a small slope with a good runout and the skier was able to ski out 
without consequence. By comparison, a person would be unlikely to survive the avalanche on the right. 

Minimize the Consequences
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The last approach we'll discuss here 
is to use your knowledge of the avalanche 
problems from the public avalanche 
forecast (Section 3) to select areas where 
more favourable avalanche conditions exist. 
This strategy requires a good understanding of 
the applicable avalanche problems (including 
elevation, aspect, likelihood and size).

Here are a few examples of how you might 
apply this approach in practice:

• A west-facing line in the alpine could be a 
good choice if a wind slab problem is listed 
on north through east aspects. However, if 

an additional problem, such as a persistent 
slab problem is also listed, which includes 
west-facing slopes in the alpine, this choice 
may no longer be sound.

• If a persistent slab problem is listed at 
treeline but not the alpine, you may be 
able to work up to higher elevation areas 
using conservative terrain choices at middle 
elevation bands.

• If loose wet or wet slab problems are listed, 
you may decide that north-facing routes 
are a good choice provided you monitor the 
snow quality carefully.
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Avoid the Problem

A member of Avalanche Canada’s South Rockies field team 
performs a compression test to assess the nature of weak 
layers in the snow.

Snow Profile and Snowpack Tests
Snow profiles and snowpack tests 

are commonly performed by avalanche 
professionals to evaluate the state of the 
snowpack. You may see reports of snow profiles 
and snowpack tests discussed in the details 
section of the avalanche forecast.

Snowpack test results described as easy 
or sudden indicate the snowpack is more 
unstable compared with test results described 
as hard, resistant or stubborn. There are further 
descriptions of common snowpack tests in 
Appendix B.

Generally, it is not advisable for recreational 
users to make slope evaluations on the basis 
of snowpack tests. This is due to the difficulty 
of selecting safe, representative test sites and 
because there is significant potential for making 
a false assessment. Professionals are trained 
to use snowpack tests to rule terrain out as 
opposed to ruling it in. Riding an aggressive 
line requires everything to come together: 
a favourable avalanche forecast, avalanche 
problems that indicate low likelihood and size, 
a snowpack description that indicates well-
bonded snow, no observations of instability or 
recent avalanche activity, and… maybe, if you’re 
sure you know what you’re doing… a favourable 
snowpack test result or two.
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Staying on the central ridge marked by the solid green line keeps the rider on high ground and guards against 
the threat of avalanches from above. The smooth open slope in the middle right of the picture within the red 
dashed zone looks very tempting, but an avalanche here could be large and have serious consequences. 

This group triggered a small size 1 avalanche in exposed terrain that did not result in any consequences. 
The group avoided the slopes indicated by red dashed zones where the avalanche size could have been greater.

Scenario 1

Slope Evaluation Examples
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The looker’s left and upper elevations of this forested slope is sufficiently dense to prevent avalanches and 
could offer good terrain for a party that doesn’t mind travelling in tight trees. The red dashed zone on the right 
should certainly be avoided. It's steep, there is sparse coverage and it terminates in an abrupt transition, which 
would act as a terrain trap. A cautious party might approach the gladed slopes in the middle indicated by the 
orange dashed zone, being alert for signs of instabilities and recent slab avalanches on the approach. 

Most of this picture comprises simple terrain with slopes of less than 30°, making this a great choice under 
dangerous avalanche conditions such as these. The slope immediately below the skier marked with the red 
dashed zone is the one exception—it is steep and convex. However, it is a small slope and a well-equipped 
party might decide to manage the hazard by riding one at a time with a spotter in a safe location. 

Scenario 3

Scenario 4
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Dealing with persistent slab problems requires conservative terrain selection. The solid green arrows 
mitigate the hazard by sticking to slopes of less than 30 °that are not exposed from above. Managing this 
terrain requires careful route finding and good visibility. The dashed green arrow on the right follows a line 
that stays within the densely forested portion of the slope. 

Scenario 5
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7. Reflect on Your Day
For most people, it's natural to want to 

reflect on their day; this often takes place on 
the drive home or over aprés-ski beverages. 
The benefits of engaging in an honest reflection 
are quite profound. It's a way to pool the group's 
thoughts while memories are fresh, but without 
the pressure of needing to make a decision in 
the moment. In this way, it is possible to get 
feedback on what went right and what could 
have been done better, even if the environment 
didn't provide direct feedback in the form of an 
avalanche or other negative event.

The key to a successful reflection is to seek 
both positive and negative sentiments. One 
approach that works well is to ask, “Where did 
we make good decisions?”, followed by, “Were 
there times when we were maybe too risky?”

Sentiments expressing insufficient caution 
(“I was definitely worried when we…”), over 
caution (“I felt as though we could have also 

ridden…”), or appropriate caution (“We made 
a really good decision when we backed away 
from…”) are all equally valid. Reflections could 
be focused on human behaviours (“We did a 
really good job of stopping to bring everyone 
together before committing to that line…”), 
or on conditions (“I was surprised when we 
remote-triggered an avalanche as we were 
moving along the ridge…”). Take note if your 
reflections are consistently in opposition 
to others, especially those with significant 
experience of travel in avalanche terrain.

Finally, sharing your observations through 
the Mountain Information Network (see 
Appendix C) is an excellent way to recall 
conditions and also benefits the wider 
mountain community. Your avalanche 
forecasters will thank you too—they read 
all relevant MIN posts as part of their daily 
process.
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14. True or false? 
 Communication is generally easier in smaller 

groups compared to larger groups.

16. True or False? 
 Good travel habits should only be employed 

when the avalanche danger is high. 

15. True or false? 
 Trailhead transceiver checks are generally 

done only once per year.

17. True or False? 
 When choosing a safe place to stop in 

avalanche terrain, always move as far down 
the slope as possible.

18. The Avaluator Slope Evaluation Card:
 a) Can help assess the relative degree of risk   

 for individual slopes.
 b) Gets easier to use with practice.
 c) Is not needed if we are riding in non-  

 avalanche terrain with no 
  overhead hazard.
 d) All of the above.

19. If avalanche danger is considerable, you can 
reduce the risk of getting seriously hurt or 
killed by: 

 a) Choosing simple terrain.
 b) Choosing challenging terrain but   

 travelling where slope angles are less than  
 30°.

 c) Choosing challenging terrain but   
 choosing slopes where the maximum size   
 of a potential avalanche is small, size 1.

 d) All of the above.

20. Use the picture below to answer the following questions:
a) What is the ATES rating (simple, challenging, complex)?
b) If avalanche danger is considerable, would you be travelling under normal caution, extra caution, 

or not recommended?
c) If avalanche danger is considerable and persistent slabs are listed as an avalanche problem, draw 

one or more reasonable routes from the top of the slope to the bottom.

Answers are in Appendix DQuestions
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stuck at considerable for treeline and alpine elevations. The forecast warned of a number of 
persistent weak layers in the snowpack, while incremental snowfalls gradually loaded the 
weak snowpack.

Patience was an important human behaviour during this period. Although the snow 
was fantastic, it was challenging to find the right terrain—steep enough to ride the deep 
powder but not so steep as to run the risk of triggering the fragile snowpack. In short, 
conditions were tricky.

An AST 2 course was running out of a backcountry ski lodge in the third week of January. 
The lodge is located in the treeline zone and the group was riding mostly in that elevation 
band. The class was using the daily process to manage their avalanche risk but despite 
this, they still triggered an avalanche. The slide they triggered was relatively small due to 
deliberate terrain choices they had made. Also, the avalanche path had a good runout and 
contained no terrain traps. Only one person was exposed and a quick and effective rescue 
response was initiated.

Going through the steps in the daily process, here's how this group managed their 
avalanche risk on that day.
1. Get the Forecast – see Page 76 for the forecast used by the group.
2. Plan Your Trip – The group had planned their trip the night before, using the Avaluator 

Trip Planner to select a route that involved both simple and challenging terrain. They had 
discussed the need to evaluate slopes along the way. Monitoring for signs of instability, 
recent avalanches and loading patterns would be key to making good travel decisions. 
They had also expressed a desire to stick to smaller terrain (capable of producing an 
avalanche of size 1.5 or smaller), where the consequence of an avalanche would not be too 
great, given the tricky conditions. 

3. Check your Gear – The group was well equipped, with everyone carrying the avalanche 
essentials as well as group gear. Rescue gear was checked at the beginning of the day. 
Companion rescue skills had been practiced on two occasions at the start of the course.

4. Verify Conditions – The weather forecast called for about 5 cm of new snow over the 
previous 24 hours, and the group found those conditions to be accurate on leaving the 
lodge. Temperatures were consistent with the forecast of around -10°C, and there were no 
signs of significant wind loading. Since conditions were similar to what had been forecast, 
the group stuck with their plan but continued to monitor for changing conditions.

5. Use Good Travel Habits – The group was diligent in spacing out when exposed to 
avalanche terrain and choosing good regrouping spots. They were actively communicating 
with each other to ensure everyone felt as though the terrain choices being made were 
reasonable.
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6. Evaluate Slopes – The group used the Avaluator Slope Evaluation Card to help 
decide which slopes to ski and which slopes to avoid. On the slope in question, 
they assessed the avalanche conditions and terrain conditions as follows:

Avalanche Conditions Score Terrain Conditions Score
Regional Danger Rating +1 Slope Steepness +2
Persistent Avalanche Problem +1 Terrain Traps 0
Slab Avalanches 0 Slope Shape 0
Signs of Instability 0 Forest Density +1
Recent Loading 0
Critical Warming 0
Total +2 Total +3

Applying the scores to the Avaluator 
Slope Evaluation card, you will see the 
group was travelling within the extra 
caution (yellow) zone for this particular 
slope, which was about 150 m in length. 
The first person skied the slope and 
stopped in a safe location on high ground 
just beyond the bottom of the slope. The 
second person was about eight turns 
in when the slope fractured above her, 
triggering a size 2 avalanche.

Forecast for Jan 23, 2018.
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She tried to ski out of the slide but was unable to. She was able to stay upright and on 
top of the debris until it stopped and came to rest partially buried with her head out 
of the snow. She was unhurt and had all of her gear. One person skied the bed surface 
to help her out and they both continued to the safe regroup spot below. The rest of the 
group skied one at a time until everyone was together again at the regrouping location.

7. Reflect on your day 
• With no evidence of slab avalanches during the preceding several days, it was tempting 

to push into bigger terrain. The group recognized this was a bad idea and they would 
have to be patient and disciplined in their terrain selection until conditions improved.

• Good travel habits, especially riding one at a time in avalanche terrain and regrouping 
in safe locations are really important. In this case they prevented more than one person 
from being caught.

• In order to keep the risk within an acceptable level, the group mostly chose terrain less than 
30 degrees. When they did venture into steeper terrain, they consciously mitigated the 
increased risk by choosing relatively small slopes with good runout zones free of terrain traps. 

• The group, including the instructor, underestimated the potential for an avalanche of this 
size. Their original aim was to select terrain capable of producing an avalanche no larger 
than size 1.5. The weak layer was fairly deeply buried at around 80 cm below the surface. 
Deeper weak layers typically increase the size of the avalanche, and this may be why the 
size potential was underestimated. 
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  Location of skier at the
  time of the avalanche.

  Location of partial burial

I

X

15°

I

X

The Daily Process  -  Page 79



Section   5      Avalanche Rescue
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The best strategy for staying safe in the mountains in winter is to avoid 
being caught in an avalanche. Following the steps in the daily process, which includes knowing 
conditions ahead of your trip, selecting appropriate terrain for the conditions and being willing 
to adapt your choices in light of observations you make while travelling, are key components of 
good avalanche risk management.

However, the basic nature of the avalanche problem is probabilistic. This means we can reduce 
the chances of getting caught but it's almost impossible to eliminate all risk of getting caught. 
In fact, the only certain way to avoid any risk of being caught in an avalanche is to avoid avalanche 
terrain entirely, but that also means missing out on the positive benefits of winter backcountry 
recreation. Since it's unrealistic to eliminate all risk of travel in avalanche terrain, we need to learn 
strategies for dealing with what happens if you, or a member of your party are caught in an avalanche.

Canadian avalanche statistics 
reveal buried victims have about an 
80% chance of survival if uncovered 
within 10 minutes of burial (Figure 17). 
Prior to the 10-minute mark, most 
victims who do not survive die of 
trauma. Between 10 minutes and 
35 minutes, the chance of survival 
decreases rapidly as victims start to 
succumb to asphyxia (suffocation). 
Those who survive for longer than 
35 minutes tend to have some kind of 
air pocket to allow them to breathe. 
As a result, the survival curve flattens 
out as these people can survive for 
longer periods before hypothermia 
starts to become an issue.

Since the first 10 minutes after burial is the 
critical response time, the best chance of victim 
survival comes from companion rescue—that 
is rescue by members of the victim's own 

group. In most cases, by the time external 
rescue teams arrive on scene, it is too late for 
victims still buried under the snow. As a result, 
all backcountry travellers need to be trained 
and practiced in companion rescue.

Every member of the group needs to be equipped 
with the avalanche essentials: a transceiver, probe and 
shovel. It is important these items are well maintained 
and you know how to use them.

Avalanche Rescue Is Urgent

Avalanche Rescue Gear

Figure 17: Avalanche survival curve from Canadian avalanche data. 
After Haegeli and others, 2011.
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An avalanche transceiver is capable of 

sending out and receiving a signal, allowing a 
searcher to find a buried victim under the snow. 
Typical range is 50 m.

Avalanche Canada recommends any 
modern, three-antenna digital transceiver 
for recreational backcountry use. While two-
antenna digital transceivers and analogue 
transceivers remain compatible, three-antenna 
digital transceivers offer superior performance 
and the best chance of a live recovery if you ever 
find yourself in a real avalanche rescue.

There is a wide range of units available. 
Some have enhanced features like marking 
functions, which may be useful in multiple 
burial situations. Some have a very simple 
interface, which may be beneficial to 
occasional users or those with a less technical 
predisposition. Each unit has a slightly different 
mode of operation; the most important thing is 
to be familiar with how your unit works and to 
have practiced with it.

All transceivers are 
supplied with a harness 
designed to minimize the 
chance of the unit being 
ripped off the victim in 
the event of a violent 
avalanche. Avalanche 
Canada recommends 
wearing your transceiver 
under your outerwear 
using the supplied harness.

Look after your 
transceiver according to the 
manufacturers' instructions. 
This may involve having 
the unit inspected 
or sending it off for a 
firmware update. Remove 
the batteries during the 
summer months to prevent 
corrosion on the battery 
terminals.

Avalanche probes are sectional 
aluminum or carbon fibre poles that 
lock together rapidly and are used to 
physically probe for buried objects 
(such as a person) under the snow. 
A ski pole or ice axe is not a suitable 
substitute for an avalanche probe.

Most backcountry shovels have a detachable blade to allow them to fit into a pack and many 
have telescopic handles to improve shovelling performance. Shovels should be made from 
aluminum—plastic ones are not effective at digging through hard avalanche debris.

Airbags, or balloon packs are recommended, as they have been shown to 
increase the chance of survival by reducing the likelihood of being buried by 
the snow. 

Transceivers
INTERFERENCE

Your transceiver 
is susceptible to 
interference from 
other electronic 
devices such as 
phones, radios 
and cameras, and 
metal objects such 
as shovel blades 
and foil wrappers. 
To prevent 
interference, 
maintain a 
separation of 20 cm 
between your 
transceiver and 
other electronic/
metal objects 
during send 
(transmit) mode 
and 50 cm during 
search (receive) 
mode.

Probes

Avalanche Airbag Packs

Shovels
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Practicing with your equipment is very important as during a real rescue, 
every second counts. 
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However, it's important they are used in 
addition to a transceiver, probe and shovel and 
not as an excuse to replace them.

Correct operation and maintenance 
of airbag packs is critical. A number of 
fatalities have occurred where victims were 
discovered wearing a non-deployed airbag 
pack. Gas-inflated models need to be checked 
periodically for correct pressure and correct 
cylinder installation. Battery-powered models 
need to be fully charged and have the batteries 

correctly connected. All models need to have 
their inflatable bag or bags correctly packed.

At the start of the day, the airbag pack 
needs to be activated for use following 
the manufacturer's instructions. Generally 
this involves revealing a trigger handle on 
a shoulder strap ready to be pulled if caught in 
a slide. Also, the pack must be worn properly, 
with its crotch strap in place throughout 
the day.

Group gear is really important if you do 
have an avalanche incident (or other type of 
incident) and need to deal with the aftermath. 
A well-prepared group heading into the 
backcountry will carry:

• A communications device (a two-way 
 satellite device is best)
• First aid kit

• Extra food
• Spare warm clothing
• Bivy sack
• Headlamp

Travel in very cold conditions or in very 
remote areas may warrant additional items, 
such as an insulation pad, lightweight stove, 
fuel, and a means to start a fire.

As soon as you recognize you've been 
caught in an avalanche, you must take 
immediate action and make a split-second 
decision to improve your chance of survival. 
What you do depends on where you are 
relative to the avalanche. It also depends on 
the size of the avalanche, whether you are still 
on your feet or have already been knocked over, 
and the particular aspects of the avalanche 
path that could, for example, make you favour 
heading towards one side versus the other. 
Due to the violent and chaotic nature of being 
involved in an avalanche, it is impossible to 
give precise and specific advice for how to 
respond.

The following suggestions are based on 
recommendations from avalanche experts 
and survivors of avalanche accidents. 
Contemplating these strategies will help 

prepare you for what you might be able to do 
in the event of being caught in an avalanche. 
However, you will also need to rely on your 
intuition to judge the best course of action 
for the particular situation you find yourself 
in. The numbered items below match the 
illustrations on Figure 18.
1. Immediately yell “AVALANCHE!” to warn   

others, alert them of your predicament  
and give them a better chance to keep 
a visual on you to determine a last-seen 
point. 

2. Ride to the side. Act fast. Adopt a wide 
stance and hold a straight-line course at 
45° down and across the flow to help ride 
over flowing debris.

3. If you are near the top of an avalanche, 
you may be able to self-arrest on the bed 
surface. If you are pushed over, dig your 

GROUP SAFETY GEAR

If You Get Caught



 poles or hands hard into the bed surface 
and try to let the avalanche flow over you.

4. If you are near a tree, hug the tree or shelter 
on the downhill side.

5. If you are caught in the flow, try to remove 
your skis/board and jettison your poles.

6. Activate your avalanche airbag pack if you 
have one.

7. Fight to stay afloat. You may be able to 
swim towards the surface, hold your arms 
up in a “Y” shape, or push off blocks to keep 
yourself as close to the surface as possible.

8. Brace against trees or other objects with 
your legs or shoulders if possible.

9. As the flow starts to slow down, try to create 
an airspace by clearing snow in front of 

 your mouth with one hand while 
simultaneously reaching for the surface 
with the other. 

10. If an avalanche is coming towards you, run, 
ski or board as quickly as you can away and 
to the side of the avalanche path. Large 
avalanches travel far and fast, so don't waste 
any time.
If you are caught and buried, try your 

best to remain calm. Your best hope is your 
companions, who you know have the correct 
gear to locate you (because you checked 
before you left the trailhead) and are already 
organizing themselves and starting to look 
for you using the companion rescue process 
described next.

Figure 18: Ten strategies for surviving an avalanche. The strategy or strategies to use depend on where you find yourself 
within the avalanche. See text for explanations of numbered items.
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Companion rescue describes a process for 
group members to locate and extricate one 
or more buried avalanche victims. The best 
chance of survival comes from the victim's own 
companions, who are most likely to be closest 
and best able to respond immediately.

In companion rescue, there is a well-
defined sequence of tasks that works for a 
single person or for multiple searchers. It works 
for small avalanches and for large ones.

It's a really good idea to practice companion 
rescue regularly—at least once or twice per year. 
Find ways to make rescue practice fun, such 
as staging mock competitions. Timing your 
scenarios is a good way to bring out a competitive 
spirit. You will be amazed at how much you 
can reduce your times with practice. Incentives 

(e.g. chocolate) can also add to the fun. Because 
companion rescue must be done efficiently to 
have a chance of being successful, practice is key.

Many ski areas, parks and snowmobile 
trailheads have “Beacon Basins” with a 
selectable array of buried transceivers that 
can be turned on and off remotely to simulate 
different burial scenarios. Brushing up on your 
skills in the fall is a good way to make sure 
your equipment is in good condition. Also try 
to stage some high-quality scenarios in the 
winter, when it is easier to bury a target (e.g. 
a transceiver in a pack) at a realistic burial 
depth (at least 1 m below the surface). Consider 
signing up for a one-day Companion Rescue 
Skills course as a refresher and to improve and 
practice your avalanche rescue skills.

If you see an avalanche that involves a 
person, first make sure the avalanche will not 
affect your own safety. If you judge that it will, 
take evasive action immediately. Assuming 
you are not threatened by the avalanche, focus 

intently on keeping your eyes on anyone caught 
in the slide for as long as they remain visible. 
Make a conscious note of where the last seen 
point or points are—this will help significantly 
during the rescue.

1. CHOOSE A LEADER
Choose a leader to organize the rescue and 

keep people on task. The leader should take 
charge and delegate tasks as necessary. In most 
small recreational groups, the leader will also 
need to perform rescue tasks. If a large group 
is available, it may be more effective for the 
leader to concentrate on maintaining the “big 
picture” and coordinating the efforts of others.

2. ASSESS SAFETY
While it's human instinct to jump in and 

help, take a moment to ensure your actions are 
not going to make matters worse by causing 
a second accident. 

Generally, riding over an avalanche bed 
surface to move towards victims is a reasonable 
thing to do, although some bed surfaces can be 
smooth and icy. Avoid travel on steep adjacent 
slopes or slopes above the avalanche, as these 
are locations where additional avalanches are 
most likely. 

The search becomes riskier if the search 
area is threatened from additional avalanche 
slopes that have not yet slid. In this situation 
you may consider minimizing the number of 
searchers on the slope and/or placing limits on 
the amount of time devoted to the search. You 
may also consider posting a lookout in a safe 
spot to warn of additional avalanche activity.

Witnessing an Avalanche

The Rescue Process

Companion Rescue



You may decide not to respond under 
particularly hazardous situations if you judge 
the risk to the rescuers does not justify the 
chance of helping the victim(s).

3. HEAD COUNT
Determine how many people are missing. 

Determine the last seen point(s) and mark 
if possible. Question any witnesses for 
information.

4. TURN ALL TRANSCEIVERS TO SEARCH
Do a physical check to make sure everyone's 

transceiver has been switched over to search 
mode. It's easy for someone to forget this step 
in the panic of an accident. Having a transceiver 
in send mode moving among the rescuers will 
significantly hamper the rescue by introducing 
an extra signal.

5. DETERMINE THE SEARCH AREA
Look for visible signs of victims on the surface. 

Send someone to check these out as a priority.
You may be able to eliminate terrain where it 
is impossible for a victim to be buried, such as 
areas above the last seen point.

Determine other priority search areas, such 

as fall line areas below 
the last seen point, areas 
in line with objects of 
clothing or gear, or in 
terrain traps. If multiple 
rescuers are available, 
send someone to 
investigate these areas.

6. SIGNAL SEARCH
Starting at the last 

seen point, use your 
transceiver to find a 
signal. Use 40 m search 
strips to cover the 
search area, watching 
and listening to the 
transceiver to determine 
if you have a signal. You 
should move rapidly 
during this phase. 
Investigate any visual 
clues you find by pulling 
on them, but leave 
items in place for future 
reference if they are not 
attached to a victim.

7. COARSE SEARCH
Once you have found a signal, 

watch the numbers on your 
transceiver’s screen. If they decrease as 
you move, you are heading in the right 
direction. If they increase, turn around 
and move in the opposite direction.

Transceivers emit 
electromagnetic waves in a radial 
pattern just like a magnet. As a 
result, your transceiver will guide 
you towards the victim in a curved 
path rather than a straight line. Allow 
yourself to be guided in this way by 
the arrows on the screen, ensuring 
the numbers continue to decrease. 
Slow down as you get closer to the 
victim (once the numbers on the 
screen are below 10).

Focus on the area below 
the last seen point.

Multiple searchers.

Single searcher.

Once you have a signal, follow it making sure the numbers are 
getting lower. Slow down as you get closer to the victim.
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8. FINE SEARCH
When the number on your transceiver 

indicates you are within 3 m, or at the lowest 
number you can find, use a systematic 
bracketing pattern to find the closest point to 
the victim. Hold the transceiver close to the 
snow and maintain a consistent orientation. 
Move forward slowly until the number on 
the screen starts to increase again. Back off 
to the point where the number was lowest. 
Now move sideways first in one direction and 
if needed, the other, to see if you can acquire a 
lower number. If so, continue until the number 
starts to increase and back off to the point at 
which you had the lowest number—that is the 
location to start probing.

Only one person should perform the 
fine search; others can commence spot-
probing, keeping out of the way of the person 
conducting the fine search.

9. PINPOINT USING PROBE
Commence probing at the lowest transceiver reading and move 

outwards from that point in a spiral or square-spiral pattern at a spacing 
of 25 cm. Probe pushes should be perpendicular (90°) to the slope.

A successful probe strike has two distinct characteristics. It feels 
firm but slightly spongy (depending on what part of the body the 
probe hits) and the probe doesn’t travel as far into the snow 
compared with the surrounding area. If you’re not sure, make 
additional probe pushes very close by (a few cm). It’s important to 
be confident of your probe strike as you don’t want to spend several 
minutes digging a hole in the wrong place.

Once you get a successful probe 
strike, note the depth and leave 
the probe in position. 
The probe will act as 
your guide as to 
where to dig.

Typical search pattern. During the coarse search, it is 
usual to follow a curved path. During the fine search, 
a bracketing pattern is used.

Does your brain work in a spiral or a square? Either method works efficiently for pinpointing with a 
probe. Start probing at the lowest distance indication and work outwards at a spacing of 25 cm.

outwards from that point in a spiral or square-spiral pattern at a spacing 

Probe perpendicular to the slope.

Coarse Search

Fine Search



10. DIG
Efficient digging is very important—you can save a 

lot of time with good digging technique. The preferred 
method is the shovel conveyor technique. While the precise 
instructions vary depending on how many rescuers there 
are, the basic idea is the same—you're trying to create 
a horizontal ramp towards the victim rather than dig a 
vertical hole directly over them.

 If you have multiple rescuers, space them out one behind 
another so their shovels just touch with arms outstretched.
The front person should be 
close to the probe, others 
downslope from them. Each 
person moves snow back to 
the next person behind who 
in turn clears it out behind 
them. By only needing to 
move snow a short distance, 
the shoveller at the front 
can concentrate on digging 
down as quickly as possible 
towards the victim, while 
other members work to 
move the snow back as if 
it was on a conveyor belt. 
Rotate shovellers often 
to prevent fatigue, as the 
person closest to the victim 
works the hardest.

If you have only one 
or two rescuers, step downslope by one-and-
a-half times the depth to the victim before 
starting to dig. Commence digging at this 
point and work horizontally towards the tip of 
the probe and therefore the victim.
 
11. PATIENT CARE

Clear the patient's airway. Stabilize ABCs 
(airway, breathing, circulation), which might 
involve performing CPR if required. Check for 
major injuries and take precautions to protect 
the neck and spine. Treat life-threatening 
injuries as a priority, including shock and 
hypothermia. If necessary, build a shelter or if 
safe, use the hole that was just dug to extract 
the victim. Take steps to arrange for appropriate 
evacuation if required.

WHEN TO CALL FOR OUTSIDE HELP
Calling for external help takes time that 

could impact the speed at which you can 
recover someone buried under the snow. 
Avalanche Canada recommends that unless 
you have extra rescuers available, you should 
only call for help after all victims have been 
recovered.

If there are extra rescuers available and 
you have a suitable communications device, 
designate one person to place an emergency 
call, keeping a minimum separation of 
25 m from transceiver searchers to prevent 
interference.

Accepting help from a nearby group is most 
likely a good idea, but take care to manage this 
new influx of people onto the scene to ensure 

method is the shovel conveyor technique. While the precise 

Shovel conveyor technique. Keep 
approximately 80 cm spacing 
between shovellers.

Both speed and technique are important when digging. Efficient shovelling can 
save a lot of time, which could make the difference between life and death for 
the buried victim. 

Br
en

t S
tra

nd

Page 88  -  AVALANCHE RESCUE



AVALANCHE RESCUE  -  Page 89

their presence doesn't become detrimental to the 
rescue efforts. The most obvious thing to do is to 
make sure every member of the new group turns 
their transceivers to search mode to prevent extra 
signals confusing the transceiver search.

In Canada, activate Search and Rescue 
(SAR) by dialing 911 and asking for police or 
calling the local police detachment directly 

(required for some sat phones). In a national 
park, call the local Parks Canada office or the 
police if you don't know their number. 

Emergency devices with SOS functions 
(e.g. InReach, SPOT) have proven to be effective 
for initiating a SAR response, but two-way 
communication capability is necessary to 
convey the nature of the incident.

Don't underestimate the psychological 
impact of a serious avalanche incident on 
group members and their families, regardless 
of whether the outcome is positive or negative. 

Talk to other members of the group, arrange 
debrief sessions and seek professional 
counselling help if needed.

21.   True or false?
 It is possible to eliminate all risk of getting  
 buried when travelling in avalanche terrain.

22. To be really proficient at companion rescue,   
 you should practice it:
 a) Once every three years.
 b) Once a year.
 c) At least 1-2 times per year. Quality of   
  practice is also important and    
  you should try to mimic a real avalanche 
  scenario. 
 d) After each avalanche accident.

23. If you trigger an avalanche, it may be possible   
 to:
 a) Ride off to the side of the path.
 b) Dig in to the bed surface below the slab.
 c) Grab a tree.
 d) All of the above.

24. Which statement is false:
 a) If you are caught in an avalanche, try to   
  stay near the surface.
 b) Having a leader helps a group stay   
  organized during companion rescue.
 c) During the fine search stage, it is   
  important to move slowly to    
  get the precise lowest number 
  on your transceiver.
 d) Search and rescue teams can usually get   
  to an avalanche scene with enough time   
  to help dig out a live victim.

Answers are in Appendix DQuestions

AFTER THE RESCUE
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within the debris are three people – Annick, Alain and Laura. The fourth member of this group, 
Matt S, has somehow managed to stay on top. The group had chosen this spot to transition from 
skiing to skinning, so their packs and ski equipment were beside them. When the avalanche hit, 
everything was swept away. 

Matt, left alone on the surface, has nothing except his transceiver to try and find his friends. 
The group from Terrace, watching in disbelief from the ridge, knew this huge avalanche had hit 
the four skiers below.

Brad: Given the size of it, it seemed impossible that anyone could survive it.
Jupiter:There’s a feeling of wanting to curl up in a ball and not wanting to be there. It’s a terrible feeling. 
That beautiful, soft, fluffy snow is so deadly. 
Mikael: You tell yourself it’s not happening but it is and you have to deal with it.
Matt L:You know, it wasn’t a lot of thinking. It was just—we need to get this done.

Luckily, these four guys knew how to “get this done.” Just a couple of weeks before, they had taken 
a Companion Rescue Skills course together. 

Mikael: Why would we do that? We practice all the time, we’re pretty good. But we wanted to fine tune 
our group. It was great, I learned so much. Came out of that weekend feeling pretty good about our skills.
Brad: Professionals train continuously, year after year. Seemed a good idea to me to have everybody you’re 
skiing with current and with good practices—good beacon skills and good rescue skills.

An important first step in a companion rescue is assessing the situation. As the rescue group 
surveyed the scene below them they realized there were still sections of the bowl that hadn't slid, 
but they felt they could still go in. Skiing down, they quickly spotted Matt S, standing near the 
top of the debris field, and realized immediately three people were buried. 

Mikael: We yelled to him, and he yelled, “help, help!” We make our way to him. He’s got no skis on, 
no backpack, no tuque, no gloves, no equipment at all. He tells us “they were right around here!” In his head, 
his friends are right where he is. 
Matt S: I thought there was something wrong with my beacon that it’s not picking anything up. They have 
to be here. I just saw them here. 
Brad: He was downslope and insisting his friends were upslope. We knew that was impossible but he said he 
had a signal. We spent maybe a minute there making sure there was not a signal—I mean you never know. 
Matt L: When you do these avalanche courses you do these scenarios where you have this witness running 
around trying to confuse you and that’s exactly what happened. 
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Matt L and Mikael quickly ski away to start 
searching the lower slopes, while Jupiter quickly 
scans the upper zone to make absolutely sure 
there are no signals before following them. 

Matt L: We skied along looking for artefacts, skis 
and poles. I was skiing the left side, Mikael down 
the right side about 20 metres apart, beacons in 
our hand, just the way we practice in the scenarios. 
Mikael picked up the first signal. 
Jupiter: I started skiing down, with my transceiver 

in hand, as fast as I could over the debris, classic zig-zag from the edge of the debris field to the edge of the 
debris field. I could hear Mikael and Matt shout out they got a signal and then, “we’ve got multiple signals!”

As they find the first signal, Matt L hits the SOS button on his satellite messenger device. 
Jupiter arrives as Matt and Mikael are working on Laura’s burial site.

Mikael: I had luck with almost the first probe. The probe hit is definitely a body, there’s no mistaking it. 
But it’s almost two metres.
Jupiter: I get right to where they are, pressed the buttons on my beacon to get rid of that signal, and sure 
enough I had another signal. Started following it and it was within 10 metres. The closest I can get is 1.5 m 
and I was thinking, wow—that is a deep burial.

Jupiter marks the second pinpointed signal with his glove, and quickly sees that he has another 
signal within 10 metres. Hoping for a shallower burial, he homes in. 

Jupiter: I found that one was 1.7 m—deeper.  Pulled out my probe, did a spiral probe pattern and I think on 
the fourth one I hit a body—boom. No doubt, no question. I pulled out my shovel and started digging. 
Brad: By the time I came skiing down they had already located two with their transceivers and probed one. 
Jupiter was searching for the third body. I had my probe out and on my third probe I hit a body. It was pretty 
scary, because it was down there a long ways but it was good to know. Just lets you know— it’s time to 
start digging. 

Matt L and Mikael were digging out Laura, who was buried over a metre. The two dug as quickly 
and efficiently as they could, using the conveyor shovel method they had learned in their course. 

Mikael: First thing we uncovered is her face. We hear her moaning and we’re so happy to hear that. 
Hope filled up a bit. With the size of the slide, and the minutes we took to get down from the ridge, we were 
hoping to find people alive but were prepared to dig up bodies. 
Matt S: It seemed like within two or three minutes they had all three of them located. I ran down with 
my ski boots. I was running as fast as I could, downhill, and they already had Laura uncovered, who was at 
least a metre and half down. Her whole torso was dug out, her head was cleared and she was miraculously 
breathing. I went from being quite sure that I lost her to, wow, somehow—she’s here.
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Finding Laura alive gave the rescuers energy. The victims were all buried within about 20 metres 
of each other, which made it easier for them to communicate and move between sites. The other 
two victims have been located by probe, but the massive job of shovelling them out is still ahead.  

Mikael: Adrenalin plus training. You’re on automatic. Trying not to think if you’re digging for a body or 
a person still alive.
Brad: As soon as we would get someone up and breathing we were switching to the next person. We were 
prioritizing getting everybody at least breathing before we get them out of the snow.
Jupiter: Dig and dig and dig like you’ve never dug before, until you’re exhausted. Physically drained, 
I couldn’t lift my arms, but you have to keep digging. Every second you waste is a second that person isn’t 
breathing. So important to be efficient out there. 

Mikael and Matt L left Laura with her face exposed, breathing easily but still buried. They moved 
on to join Brad, who had probed the area marked by Jupiter's glove and had hit Annick's arm.

Matt L: The first thing we exposed was a bare hand. I remember seeing this blue hand with a ring on the 
finger.
Mikael: We followed her limb to her face. She was all blue, had been under the snow for probably 
20 minutes. But she opened her eyes. That moment—so amazing, super emotional. We don’t know her but 
she’s still with us. One more person still alive.
Brad: As we started digging down around her torso, she started moving and coming back to life. She was 
blue. I never saw anyone like that in my whole life.

As soon as Annick's face is free of the snow and she's breathing, they join Jupiter who is digging 
out the last, and deepest, burial—Alain. A piece of jacket is the first thing they see.

Jupiter: I exposed the hip or lower stomach. But which way do I go? I have a patch of human here but 
I don’t know if I’m digging this way or that way. 

They soon clear enough snow to find Alain’s face, blue.  

Jupiter: It didn’t look like he was breathing but as I got closer to open his mouth to make sure there was 
no snow in there I could actually feel some breath on the back of my hand. I crouched down and brought 
my cheek closer and I could feel just the tiniest bit of air movement. Just a wave of relief knowing that 
he’s breathing—there’s some hope. 

They have three survivors but the rescue is far from over. The victims still need to be extricated 
from their deep holes and all of them, rescuers included, need to get to a safer position.  

Mikael: Still a real sense of urgency. We’re looking above, feeling the threat of all the big bowls that hadn’t 
unloaded yet. We want to get out of there as quick as possible. We’re moving people, not too fast, but 
as soon as they’re mobile we get them up the slope to safety. 
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Laura and Annick were doing ok but Alain was 
complaining of back pain. Carefully, they get 
him out and walk him across the debris field and 
uphill to a treed zone. The victims were buried 
with no jackets or gloves on, or with their jackets 
wide open. Hypothermia is a significant concern 
and the rescuers do what they can for them. 
They make a fire, share their food and tea, and 
wrap the survivors in reflective blankets. 

Matt S: At this point we’re in a state of blissful 
disbelief. The shock of this huge event that happened 
to us. You could see the huge holes they were in and 
now we’re all standing around a fire together.
Mikael: Pretty emotional, pretty unreal what just 
happened. One of the most intense, traumatizing 
moments of my life. 

Although the rescuers are well prepared, there's not enough extra warm clothing for eight people 
to spend the night. They're hopeful rescue is on the way, because a SPOT device was activated 
earlier, but there's no way of knowing for sure. Brad and Matt L start the long tour out to get help 
but within about 15 minutes, they hear the sound they've all been hoping for—a helicopter. 

And that's the happy ending. A lot went right in this story but it's not by accident. Laura, Annick 
and Alain are not fatality statistics today because their four rescuers knew exactly what to do.  

Brad: Without that course we would have had dead bodies, no doubt about it. That companion rescue 
course is the best course I ever took in my whole life. Those scenarios taught us how to be efficient, to correct 
missteps and do it quickly and logically as possible. It saved time, and we didn’t have any extra. They were all 
blue. There was no time in the tank.
Matt L: The scenarios, the training, it’s such a good thing to do. I recommend anybody, no matter how 
trained you are to do a companion rescue course because it’s one of the best things you can do for your group.

And the survivors? What do they think?
Annick: I don’t think I can thank those guys enough. Everything was just perfect. Every second, it was like 
a big plan.
Alain: There’s no words for these guys. The way they dug us out was a miracle. I just love them. 
Laura: Brad and Jupiter and Mikael and Matt—we owe them so much. They did such a good job. 
We’re really lucky to be here.
Matt S: You were just so dialed. You had to do everything right to have this outcome. Thanks for taking 
that companion rescue course. I’m really glad it was you guys rescuing us and not the other way around.
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We hope you feel empowered by what you have learned on your AST course. 
We hope the daily process and the decision aids described in this book will provide a sound 
foundation on which to build your backcountry experience. And we hope you are inspired to 
get out during the winter and enjoy Canada’s fantastic backcountry, confident you’re making 
good terrain choices.

One of the strengths of the AST course is its accessibility to a wide audience. Students of 
different ages, backgrounds and experience are all similarly motivated to learn more about 
travelling in avalanche terrain. When the course is over, and it's time to head out into the 
backcountry and put this hard-earned theory into practice, we need to acknowledge there are 
differences to how people approach this next step.

Some report continued 
apprehension. This is 
understandable, since winter 
travel in the mountains remains 
a dangerous undertaking. If this 
sentiment resonates with you, 
the best advice is to take things 
slow. Take your time to find the right 
partners. Travel in familiar places 
under favourable conditions to gain 
confidence before carefully starting 
to explore new areas.

Others may feel constrained—
held back when previously they 
would have just dropped in. 
This response is more common in 
those whose previous habits were 
more risky. If you identify with this 
sentiment, recognize it as part of 
your journey. Acknowledge you're 
taking a critical step away from 
blissful ignorance (and a high 
likelihood of getting caught in an 
avalanche) towards a higher state 
of mastery. Rather than rolling the 
dice and hoping for the best, you're 
starting to carefully consider your 
decisions. When conditions are 
right, you'll still be able to hit the big 
lines. When you do, the combined reward of 
getting the line you wanted and knowing you 
did it during appropriate conditions is doubly 
exhilarating.

While experience is critical to improving 
your avalanche skills, reflect for a moment 
on the discussion from the opening chapter. 

In a wicked learning environment, such as 
avalanche terrain, we don't always receive 
negative feedback for making poor choices. 
This is why it's so important to ensure our 
confidence doesn’t turn into carelessness. 
In the mountains, those who travel with 
humility travel for longer and go farther.



There are two levels in 
the Avalanche Skills Training 
program: AST 1 and AST 2. 
For those completing the 
AST 1 course, an obvious 
progression is to sign up for 
an AST 2 course.

AST 2 builds on the 
foundation learned 
during AST 1. It elevates 
students’ knowledge and 
expertise to a higher level 
of mastery. Students are 
exposed to more varied 
and complicated scenarios 
and take a more direct role 
in making travel decisions. 
They learn to interpret 
snowpack information and improve their 
avalanche terrain evaluation. They also learn 
more advanced travel techniques, and take 
companion rescue training to a higher level. 
Most AST 2 courses are run over four days, 
providing plenty of field time and opportunities 
for students to face a range of decision-making 
situations.

For those wishing to refresh their skills, 
there are options available. Many students 
opt to re-take an AST course. In doing so they 
generally find they are exposed to a different 
set of avalanche conditions. There are also 
two refresher courses available: Managing 
Avalanche Terrain and Companion Rescue 
Skills.

Managing Avalanche Terrain is a one-day 
field-based course that focuses on selecting 
appropriate terrain for the conditions. It is 
perfect for gaining confidence in trip planning 
and slope evaluation.

Companion Rescue Skills is a one-day 
hands-on course designed to help practice 
and improve avalanche rescue skills. After 

refreshing the basics, students build up to more 
complicated and realistic rescue scenarios.

If you're looking for web-based resources, 
check out Avalanche Canada's 
online avalanche tutorial. Snap 
this link or click on the “Learn” tab 
at avalanche.ca. AST graduates 
may find the route-finding 
exercises particularly relevant.

For those looking for something other 
than a formal course, hiring an ACMG-
certified guide can be a great way to tap into 
professional expertise. Most guides are happy 
to share the rationale behind their route 
choices, which can help you calibrate your own 
decision making.

Gaining experience in avalanche country is 
all about consistently applying the techniques 
you’ve learned under a range of different 
conditions. So of course, keep on going out with 
your friends. Keep making good terrain choices, 
consistently and deliberately. Day after day. 
Year after year. Hopefully one day we’ll see you 
out there.

Additional Training
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James has spent the last 18 years involved 
with avalanche research, avalanche forecasting 
and avalanche education. James obtained 
his PhD in snow science from the University 
of Calgary studying under the author of the 
previous version of this book: Bruce Jamieson.

James lives in Revelstoke, BC, where he 
is the forecasting program supervisor with 
Avalanche Canada. “Part of the reason I love 
my job is because I get to travel to all these great 
mountain ranges we have. They’re so different, 
yet the elements that draw people to them are 
amazingly similar: dramatic landscapes, open 
spaces, great snow conditions and a canvas on 
which to create memories.”

As well as skiing and sledding in the winter, 
James is an avid hiker and mountain biker. 
He’s married and has two kids who like snow 
almost as much as their dad.
  

Keith started his avalanche career in 
Colorado in 1990 and moved to Rossland, BC in 
1997. He has been a ski patroller, cat ski guide 
and avalanche educator. Keith instructs AST 
courses and refreshers through his business, 
Kootenay Avalanche Courses. 

Keith also brings an expertise in the field 
of psychology to this project. He works with 
youth as a mental health clinician. His other 
passions include spending time with family, 
rock climbing, river rafting and off-road 
triathlons.

“I feel extremely honoured to help write this 
book. I want to express gratitude to my co-author 
James. It has been a journey! I also want to thank 
the more than 1500 students who have taken 
avalanche courses with me over 28 years. You 
taught me while I taught you, and I am proud to 
share our collective learning.”

James Floyer, PHD Keith Robine, MSC, MA
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When an avalanche forecast is not available, the Dangerator guides you through a two-step 
process to estimate avalanche danger. 

The Dangerator is intended as a planning tool, to be used prior to travel. It is best applied in 
the morning of the day of travel and will give one estimation of danger for a given area.

Start with the assumption the avalanche danger is Considerable.
Step 1 If you expect critical loading or critical warming, increase the danger to High.
Step 2 If there has been no recent loading and no slab avalanches, and there is no persistent slab 
problem, lower the danger to Moderate.
If you have insufficient information to answer the questions, or are unsure, assume the danger is 
considerable.

 CRITICAL LOADING
“Do you expect roughly 30 cm or more of new snow, or significant wind, or rain during the period 
of 24 hours prior to and up to the end of your day?”
What to do:

•  Combine recent observations of new snow, wind and rain with the forecast amounts for the 
day of travel.

Where to look:
•  Remote weather stations
•  Local weather forecast products

The DangeratorAppendix A

Instructions

Definitions



CRITICAL WARMING
“Do you expect a rapid rise in temperature to near or above 0°C, or the upper snowpack to become 
wet due to strong sun, above-freezing air temperatures or rain?”
What to do:

•  Focus on determining the highest daytime temperature at the elevation of your trip. Use 
freezing levels to determine whether you expect near or above 0°C temperatures.

Where to look:
•  Local weather forecast products

RECENT LOADING
“Has there been loading within the past 48 hours, including roughly 30 cm or more of new snow, 
significant wind, or rain?”
What to do:

•  Estimate what the weather has produced in your riding area over the last two days.
Where to look:

•  Remote weather stations
•  Your own observations
•  Recent posts on sites like: Avalanche Canada’s Mountain Information Network (MIN), 

Mountain Conditions Report (MCR), local Facebook groups

SLAB AVALANCHES
“Are there signs of slab avalanches in the area from today or yesterday?”
What to do:

•  Ask other riders if they have seen or heard of any recent avalanche activity.
Where to look:

•  Your own previous observations
•  Recent MIN or MCR posts
•  Recent social media posts
•  Reports from neighbouring forecast regions

PERSISTENT SLAB PROBLEM
“Is there a persistent or deep persistent slab problem in the snowpack?”
These types of weak layers can remain a problem for weeks. Determining whether or not they 
exist can be a challenge. If you cannot confirm a persistent slab problem does not exist it is best to 
err on the side of caution and assume it does.
What to do:

•  Scan through the past week's information at least. Pay attention to the words “easy” and 
“sudden” as descriptors of avalanche triggers. These words often indicate an issue in the 
snowpack that could be a persistent slab.

Where to look:
•  Persistent slab problems listed in nearby forecast regions 
•  Your own previous observations of persistent slab avalanches, remote-triggered avalanches or 

signs of whumpfing 
•  Special Public Avalanche Warnings
•  Avalanche Canada blog posts or similar information 
•  Recent MIN or MCR posts
•  Recent social media posts
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Snow ProfilesAppendix B

The Compression Test

At its most basic level, taking out a shovel 
and digging a pit will allow you to see the snow 
that lies under the surface. On a qualitative 
level, what do you see? Do you see a fairly 
uniform snowpack with no obvious layers or 
a multi-layered snowpack? As you gain more 
experience recognizing different conditions, 
you will understand more subtle clues about 
the relative stability of the snowpack. You will 
also start using a number of snowpack tests; 
the results may be representative of stability. 
In this appendix we will describe two of the 
most common tests, the compression test and 
the extended column test.

When choosing a place for a snow profile, 
try to find a location that is closest in aspect 

and elevation to the avalanche slopes you 
plan to travel on. A steeper location will make 
it easier to interpret the results. However, you 
want to be careful not to expose yourself to an 
avalanche slope that can hurt you, so looking 
for small slopes or slopes not steep enough to 
slide is the key. 

Realize that as you change aspect or 
elevation, the snow profile may look quite 
different. Even two profiles 10 metres apart 
have been shown to give different test results; 
so to safely interpret test results, we use them 
as a measure of instability rather than stability. 
Also, tests are generally more reliable in finding 
weak layer instabilities in the upper snowpack 
as compared to deep layers. 

After digging a clean vertical wall 
about 150 cm deep, isolate a 30x30 cm 
column. A snow saw will help you make 
clean consistent cuts. Place the shovel 
blade on top of the column. Tap with the 
palm of one hand on the blade: 10 times 
articulating from the wrist, 10 times 
from the elbow, and ten times from the
 shoulder. If you get a shear across the 
column, the number of taps gives you 
a measure of how difficult it may be to 
initiate an avalanche on that layer. 

The quality of the shear is just as 
important a measure. If the column 
fractures cleanly and quickly—either with 
a distinct drop as the weak layer collapses 
or in a way that the overlying column slides 
off with little resistance—we characterize 
the fracture as “sudden.” A sudden result 
indicates a greater likelihood of avalanche 
instability. If the fracture layer is more resistant 
or breaks with an irregular surface, it is 
relatively less likely to be associated 

with a slab avalanche. Because of the variability 
in test results, we can’t reiterate enough the 
importance of not placing too much faith in 
a single test result. 

A compression test is one observation used to measure snow 
stability. Seasoned professionals don't ‘hang their hat’ on 
one test result. The safest way to interpret these results is to 
potentially rule out skiing a slope because of test results, never 
to rule in skiing a slope based solely on the test results.
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The extended column test is similar 
to the compression test, except that 
you isolate a column 90 cm wide x 
30 cm deep on the plane of surface 
snow. To cut the back of the column, 
insert two probes at the back left and 
right corners. Loop a thin cord around 
the probes and saw back and forth. 
Next, place the shovel blade on top 
of either side of the column and tap 
with the same progression as in the 
compression test. If a fracture initiates 
under the blade and propagates 
across the entire 90 cm column, it is an 
indication of instability of that layer. 
The extended column test is relatively 
easy to interpret because you either get 
propagation across the entire column 
or you don't.

Other tests include the shovel shear, 
the rutschblock and the propagation 
saw test. These are described in some 
of the more comprehensive avalanche 
texts as well as at a few online sites. 
Avalanche professionals and some 
advanced recreationists can teach 
you these additional tests if you are 
interested. 

There are other basic snow tests 
that don't require pulling out a shovel. 
Here are a few:

•  With your arm or pole, you can isolate a 
30x30 cm column of snow roughly 50 cm 
deep. Pulling on the back of column may 
show you a weak layer in that portion of the 
snowpack.

•  Moving across or jumping on top of a short 
steep slope where the consequence of an 
avalanche is minimal can sometimes reveal 
an instability, typically in the upper portion 
of the snowpack. 

•  When pushing a pole (either the basket or 
handle end) through the upper metre of the 

snowpack, you can often feel differences 
in density. Generally, it is better for the 
snow to get denser as you push rather than 
breaking through a less dense layer.

•  If it is possible to safely cut a piece of 
cornice that overhangs a steep slope, 
dropping a chunk of snow on the slope 
below may yield an interesting result. 
The larger the chunk of snow the better. 
However, getting near the edge of cornices 
has its own dangers, so this test must be 
done with great caution.
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An extended column test uses an isolated column 90 cm wide 
and 30 cm deep. A fracture in a layer that spreads out to the end 
of the column indicates good propagation potential.

M
ar

tin
a 

H
al

ik

The Extended Column Test



APPENDICES  -  Page 103

Submitting to the MINAppendix C

The Mountain Information Network (MIN) is a free online service for sharing information 
about avalanche, snowpack, weather and riding conditions as well as incidents in real time. 
Posts are not moderated and go live as soon as they are submitted. Submitting a MIN post 
allows other users to benefit from your information. You can post and view information via the 
Avalanche Canada mobile app or right from the landing page at avalanche.ca.

 
By posting to the MIN, you are helping your fellow riders make better decisions about where 

and when to ride safely. You are also helping Avalanche Canada forecasters provide better public 
avalanche safety information, especially in areas where data is scarce.

The old adage “a picture is worth a thousand words,” applies firmly to the MIN. Snapping a 
photo allows other users to see first-hand what conditions were like, whether that photo shows 
an avalanche or somebody riding in deep powder having a great time. Filling out the relevant 
fields in a Quick Report gives users additional information from the most important observations 
you’d like to share. If you have more detailed observations, you can use the specific weather, 
snowpack, avalanche and incident forms to provide further information.

 
Many people who are 

new to the backcountry 
feel shy to submit, maybe 
because they feel they lack 
experience or do not know 
the avalanche “lingo." Please 
do not let this deter you from 
submitting. A photo or two 
with a simple comment is 
all that's needed to share 
valuable information.

Help others ride safely in 
the backcountry—submit 
to the MIN!

Why is it important?

What makes a good MIN post?

You don't need to be an Avalanche expert to submit to the MIN!



 
Answers to questions in Section One
1.  False. Avalanche danger is  determined by Mother
 Nature, but avalanche risk has another element: 

your choice of terrain.
2.  C.
3.  D.

Answers to questions in Section Two
4.  C.
5.  D.
6.  B.
7.  A.
8.  C.
9.  B.
10. A. What was your answer—simple or 

challenging terrain? The image shows the very 
upper limit of simple terrain. Most of the slope 
angle is just under 30°.

Answers to questions in Section Three
11.  D.
12.  C. 
13.  A. 

Answers to questions in Section Four
14.  True.
15.  False. The trailhead transceiver 

check is done every day before 
entering the backcountry.

16.  False. Good travel habits are 
essential all the time. They 
reduce the consequences if an 
avalanche happens, which 
is possible under any danger 
rating condition.

17. False. You need to keep in mind 
your position for a potential 
rescue. If you descend too far 
or out of view, you may not see 
an incident and it could take a 
long time to climb back up if a 
rescue is required.

18. D.
19. D.
20. Challenging. Extra Caution.

Answers to questions in Section Five
21.  False. It is not possible to eliminate all risk. 

However, risk can be managed by choosing the 
right terrain for the conditions, which is made 
easier by using the daily process.

22. C. 
23.  D.
24. D. The window for a successful rescue of an 

avalanche victim is usually within the first 
10-20 minutes. Each party must be proficient 
at companion rescue.

Answers to questions in Section One

Appendix D
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The green 
shaded area 
is a good 
choice for the 
conditions.

Although this 
part of the slope is 
medium-sized,
it also has a terrain 
trap, which could 
produce a full burial 
and/or trauma from 
hitting trees

If you enjoyed 
this route-finding 
exercise, you can 
find more of these 
at the Online 
Avalanche Tutorial. 
Snap this link or click 
on the Learn tab at 
avalanche.ca

This is a fairly 
large, steep slope 
with a terrain trap 
at the bottom, 
capable of deeply 
burying a person.
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Avalanche Skills 
Training Handbook
 James Floyer and Keith Robine

The Avalanche Skills Training Handbook
This book lays out a daily process for 
travel in avalanche terrain. Backcountry 
skiers, boarders, snowshoers, ice 
climbers, hikers—anyone who enjoys 
the winter mountain environment—
can use the methods in this book to 
manage their avalanche risk and make 
good travel decisions in the mountains. 
Day after day, year after year.

The subjects covered include:
• Recognizing avalanche terrain
•  Understanding avalanche conditions
• The avalanche forecast
•  Trip planning and slope evaluation
• Good travel habits
•  Avalanche rescue techniques
•  Human behaviours
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