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The guy with the fi lm camera is asking me to be careful. He’s pointing 
 towards the bowl, telling me that the whole side might give way. I nod my 
head, but I’m not sure I’m really listening. 

It was my fi rst season in Verbier, on a beautiful powder day. We had skied 
down into Creblet, traversed west, and just stepped over the ridge into the 
Col des Mines bowl when we ran into some older ski bums who were fi lming 
for a ski movie. And, after only a few minutes of conversation, I had volun-
teered to ski the line down from the ridge for their camera. 

I don’t know what went through my head. I had been skiing full time for 
three seasons, but as the camera started to roll, what little knowledge and 
experience I had collected just disappeared. Thinking back, all the signs 
were there and it was as good as certain that the side would slide. When 
I made the second turn, I could see the snow starting to move around me. 
It looked like waves. And I didn’t fully realize what was going on until 
someone behind me on the ridge started yelling “Avalanche!” 

My fi rst emotion was a sense of calm, since I was convinced that I would 
be able to ski out of the slide quite easily. The second was surprise, as I all of 
a sudden found myself on my back. This wasn’t how I’d envisioned it. When 
I was dragged down under the snow, I started to swim and fi ght to get to the 
surface. I desperately tried to turn around, to get the skis pointing downhill 
again before going over the small rocks I knew were in the fall line. Suddenly, 
I got a hard blow over my upper right arm. And then I stopped. I’d come to a 
full stop just after going over the rocks, while the slide had continued another 
50 metres before slowing to a halt. A sharp rock had cut right through my 
jacket, my fl eece sweater and my thermal. But still, I had been very lucky not 
to get my face crushed against those rocks. So except for the shame of 
being incredibly stupid, I came away with only a scar on my right arm. 

Apart from this incident, I have on two other occasions been carried 
about 20 metres in small slides. What these incidents all have in common is 
that the signs have been there, but that I, for various reasons, haven’t 
 responded correctly and have had to – at least once – rely on luck to save 
the day. 

Now, three small slides in 15 years might not be all that bad. But one 
thing is for certain: On the mountain, you can’t afford to put your trust in luck. 
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WET SNOW AVALANCHES 

Wet snow avalanches occur mainly in the spring when the sun heats the snow 
pack. They can sometimes occur even earlier in the season e.g. on coastal moun-
tains when the temperature rises or when it’s raining. Wet snow avalanches can 
be loose snow or slab avalanches. Slab avalanches are generally full depth (all 
the way down to the ground), the whole snow cover slides away on grass or smooth 
rock. Wet snow avalanches can occur on less steep terrain than the dry snow av-
alanches (on slopes as low as 20°). Remember that even if you’re on fl at terrain 
you can still be exposed to avalanches starting above you. Wet snow avalanches 
have enormous powers of destruction and they can travel a long distance on fl at 
ground, especially if they are released by rain. However, as both the avalanches 
themselves and the paths they follow are quite easy to predict, they normally 
don’t present as much danger to skiers.

SLAB AVALANCHES 

A slab avalanche is characterised by a large area of snow (a slab) breaking away 
initially as one piece. The slab starts to break up into smaller blocks as it slides 
downhill. This process is very fast and immediately after being triggered it 
reaches its full power and speed. When a slab has been triggered it leaves a well-
defi ned crown wall and a fl at surface bed behind. [See diagram 002.]

The majority (90 %) of all the fatal avalanche accidents are dry slabs trig-
gered by the victim. Unfortunately 30—45° is the perfect angle for both skiers 
and slab avalanches, 38° being the most critical angle. They also occur less fre-
quently on steeper terrain of up to 50°. 

Often the slab breaks away higher up than from the point where the skier 
triggers the avalanche. This creates a trap where the ground is pulled away from 
under the skis and, once the skier looses his balance he will be sucked in by the 
chaotic waves of snow. [See diagram 003]. If the skier is travelling at great speed 

001 Loose snow avalanche (point release).

 Just because someone  is a good skier doesn’t automatically mean that they have 
the knowledge and experience to judge how stable a snow pack is. Having the 
theo retical knowledge of snow crystal formation doesn’t do much to help you 
when you’re standing on a slope asking yourself the eternal question: Do I ski it 
or not?

There is no single test or piece of information that can give you the answer to 
decide whether to ski or not. It’s essential to see the whole picture and consider 
the many variables. This is not an easy task due to the vast amount of informa-
tion and the complex and poorly understood inter-relationships between differ-
ent factors. You have to learn which information is important and when. Therefore 
the skill of judging avalanche hazard should be regarded as an art rather than a 
technique. It’s an intuitive process that is sometimes referred to as ‘snow sense’ 
and must be learned through practice and experience.

Hazard evaluation is an ongoing process; information must be gathered con-
tinuously and the evaluation has to be upgraded with every new clue. 

To be able to do that you have to know the mountain environment and its proc-
esses.

This chapter is based on the northern hemisphere but it can be applied any-
where in the world. For the southern hemisphere it would be the exact opposite; 
the conditions on north faces in the northern hemisphere would be the same as 
on south faces in the southern hemisphere. 

LOOSE SNOW AVALANCHES 

Dry, loose snow avalanches (aka point release) start at a single point in the top 
layer of the snow pack and, through a chain reaction, more snow is pulled in 
from both across the snow pack’s width and its depth. The snow cover is charac-
terised by very poor bonding between the snow crystals, whether it’s dry or wet 
snow. The release starts with a small wedge of snow breaking away, due either to 
a weakening between the snow crystals (for example through heat radiation from 
the sun) or to an external force such as a skier or a falling rock. Imagine a pile 
of dry, unboiled rice grains which, when poked in one place, cause the whole top 
layer to slide. [See diagram 001.] 

Loose snow avalanches can be both wet or dry snow avalanches. Only a bare 
minimum of avalanche accidents are caused by loose snow avalanches, possibly 
because they are fairly easy to predict and so can be avoided. 

SLOUGHS Dry loose snow avalanches mainly occur during, or in the days after, 
big snowfalls or after a spell of cold temperatures where the snow has dried out 
mainly on the north-facing slopes. The terrain has to be steep for these ava-
lanches to occur, 40—60°. In contrast to the slab avalanche it’s relatively harm-
less for a skier to trigger a loose snow avalanche. The top layer slides away  below 
the skis (aka a slough). However, even if most of the time the sloughs are small 
and shallow, it could be enough to throw you off balance and drag you over a 
cliff. For this to happen the avalanche has to be released from above by either 
someone or something. If you release a slough when you’re descending steep 
terrain at high speed and continue down the fall line, or worse stop in the fall 
line after a couple of turns, there’s a risk of getting caught. If you ski past the 
slough you must continue to ski sideways away from the fall line. 

002 Slab avalanche.



108 FREE SKIING SNOW-  AND  AVALANCHE  KNOWLEDGE SNOW-  AND  AVALANCHE  KNOWLEDGE FREE SKIING 109

To
p

 la
ye

r s
lo

ug
hi

ng
 o

n 
a 

st
ee

p
 d

es
ce

nt
. L

o
ca

tio
n 

A
la

sk
a.

 P
ho

to
 M

yr
ia

m
 L

an
g

-W
ill

ar
.

S
la

b
 a

va
la

nc
he

. P
ho

to
 E

id
g

. I
ns

tit
ut

 fü
r S

ch
ne

e-
 u

nd
 L

aw
in

en
fo

rs
ch

un
g

, D
av

o
s.



110 FREE SKIING SNOW-  AND  AVALANCHE  KNOWLEDGE SNOW-  AND  AVALANCHE  KNOWLEDGE FREE SKIING 111

or by adding extra weight above the slab and releasing it from higher up. The 
slab releases while you’re standing safe above the fracture line. It takes an in-
credible snow sense to judge where and when this is possible. Only a minority of 
skiers and professionals have this skill and this can’t be learnt from a book.  

There are a few criteria that need to be fulfi lled in order for a slab avalanche 
to occur.
A slab This is a relatively strong layer in the snow pack where the snow crystals 
bond well. 
A weak layer A weak layer — such as facets, depth hoar, buried surface hoar or A weak layer A weak layer — such as facets, depth hoar, buried surface hoar or A weak layer
graupels. When it collapses it causes the slab to break off from the snow pack 
and then it reduces friction by creating a weak interface between the slab and 
the sliding surface. 
A sliding surface Under the weak layer you need a surface that offers little fric-
tion and therefore can provide the sliding surface for an avalanche, such as ice 
crust, old hard snow, grass or smooth rock. [See diagram 004.]
A critical balance between strength and stress A slope section is unstable if stresses 
in the snow pack almost equal its strength. Then all that is needed is a trigger. 
Trigger (failure of the snow slab) Avalanches occur when the weight of the snow pack 
and the forces from a trigger exceed the strength of the snow. A slab avalanche 
can be triggered by an increase in load or a decrease in strength. Both can oc-
cur together. 
Angle When all of the criteria above have been fulfi lled and the avalanche has 
been triggered it’s only the angle of the slope that decides if the slab is going 
to slide off as an avalanche or not. [See diagram 005.]

LAYERS IN THE SNOW PACK 

Snow is a material in constant evolution. Snowfl akes change while still in the air; 
the snow crystals change in both shape and character. This continues when the 
snowfl akes are on the surface and in the snow pack. A snow pack contains layers 
from different occasions of precipitation - each layer has been affected by dif-
ferent weather and then buried under new layers of snow. This creates layers with 
different characteristics, some weaker and others stronger. [See diagram 006.]

THE METAMORPHISM OF SNOW 

This is the term used to describe the change of form that snow grains undergo 
after becoming a part of the snow pack. These changes will either strengthen 
the snow pack or weaken it. These two processes can occur simultaneously within 
the snow pack but it is quite common for one of them to predominate. The temper-
ature gradient within the snow pack is the determining factor as to which meta-
morphic process becomes the most dominant, strengthening or weakening. 

If the temperature gradient within the snow pack is less than 1°C per 10 cm a 
process called rounding dominates. This breaks down the snow crystals and sta-
bilises the snow pack. If the temperature gradient is greater than 1°C per 10 cm a 
process called faceting dominates. This builds up the snow crystals and desta-
bilises the snow pack.

Since snow offers very good insulation the temperature at ground level is 

1. SLAB
2. SLIDING SURFACE
3. WEAK LAYER

3

2

1

004 Basic criteria for a slab avalanche.

when he triggers the avalanche he may be lucky enough to be outside the slab when 
it releases. 

This is often seen in ski movies and photos where incredibly strong and good 
skiers have enough speed to ski out of the avalanche before it sets off and 
breaks up. Right or wrong, it’s all up to how much risk you’re willing to accept but 
I’ve never met anyone who with full understanding and knowledge of the moun-
tains does this on purpose. Most often they have misjudged the conditions. Don’t 
make the mistake of thinking that it’s harmless or that you can control it. It’s 
impossible in the long run to estimate how big an area is going to break off, how 
deep it will be and how much speed you will need to cross the slab before it 
slides away.

Don’t confuse this with a technique used by very skilled and experienced 
mountain guides and pisteurs where they secure an area or a couloir before ski-
ing it, by setting off the slab on purpose. This is done by cutting the snow pack 

003:1 The skier enters a slope. 003:2 The slab is triggered by the added 
weight of the skier.

003:3 A large area breaks off simultaneously.
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ski because it doesn’t carry the skis, no matter how wide they are. This snow 
forms a very weak layer when buried under a new snowfall. 

MELT-FREEZE METAMORPHISM At a temperature of 0°C the snow begins to melt. 
Thawing increases avalanche hazard in the short term, while subsequent re-
freezing solidifi es and strengthens the snow pack. [See diagram 009.]

If the thawing process is strong, the high water content and melting between 
individual grains turn the snow into a soft and soggy slush (aka rotten snow). 
This creates a situation of high avalanche danger.

When the melted snow refreezes on cold nights it forms a melt-freeze crust. 
During the fi rst days of this cycle this layer is going to form the worst type of 
skiing conditions, breakable crust. However, repeated cycles of melt and freeze 

WIND PACKED SNOW

LOOSE PACKED SNOW

WIND PACKED SNOW

ICE LAYER

DEPTH HOAR

006 Example of layers in the snow.

 always 0°C. This means that the lower the temperature and the thinner the snow 
pack, the greater the temperature gradient per 10 cm.

 Note:  The depth and stability of the snow pack varies with season, altitude, 
aspect and terrain features. 

ROUNDING OF SNOW CRYSTALS The name refers to the result of the process where 
the snow crystal is transformed from its original star shape to a rounded grain. 
The snow becomes more fi rmly packed and the contact surfaces increase.

Rounding of snow crystals is the result of water vapour being deposited on 
concave parts of the changing crystal. The vapour moves from convexities to 
concavities. That’s why the crystals rapidly lose their points. Eventually the round-
ing process produces grains of uniform size that form a solid and stable snow pack. 
This process occurs faster with snow temperatures close to 0°C. [See diagram 007.]
Conditions that favour the rounding of snow crystals:
A temperature gradient of less than 1°C per 10 cm. 
A snow temperature warmer than —10°C. 
Dense snow. 
Small grains.  

FACETING OF SNOW CRYSTALS This is the process where rounded snow crystals are 
transformed into angular shaped crystals or facets. These crystals don’t bond 
well to each other and therefore form weak layers. 

The water vapour moves from warm surfaces to cold surfaces and since the 
snow pack is usually warmer near the ground and colder towards the surface, the 
vapour moves from crystals in the lower layers to crystals in the layers above. 
If this process continues, the crystals will develop into a cup shaped crystal 
called depth hoar (sugar snow). [See diagram 008.] They form very unstable lay-
ers with no bonding between the crystals. These layers normally form deep down 
in the snow pack and it almost seems as if the whole snow pack is resting on ball 
bearings. This happens where the snow is loosely packed and the air is warmer, 
as it is around boulders, scree, bushes and on moraine ridges. 
Conditions that favour the faceting of snow crystals: 
A temperature gradient higher than 1°C per 10 cm.
Cold snow temperatures.
Loose or low density snow (around rocks and bushes).
Depth hoar/sugar snow forms rapidly in thin snow cover during cold conditions. 
Thin snow packs at the beginning of the winter (November—January), in combi-
nation with low temperatures and clear weather, will create a lot of depth hoar. 
These crystals are very persistent and can stay in the snow pack for the whole 
winter, especially where the temperature is low such as in shady places. Slopes 
with depth hoar in the snow pack become extra avalanche hazardous after every 
new snowfall and may release spontaneously. The reason we could ski these slopes 
before the snowfall was that we didn’t put as much weight on the snow pack as 
the additional snow. That is why we always have to consider what the additional 
weight of fresh snow means to the snow pack on different slopes.

During dry and cold spells the top 10—20 cm of the snow pack dries out on the 
north faces and other shady slopes. The ski conditions become incredibly good 
with dry, cold snow. This is a result of faceting due to big temperature gradients 
close to the surface. However if the faceting goes on for a long period of time 
the result will be a snow pack with top to bottom sugar snow that is impossible to 

These bricks are subject to the same stress as the layers within the snowpack.

005:1 On level ground, their stability depends on their 
resistance to pressure.

005:2 On a steeper slope, stability depends on bonding 
between layers.

LOOSE SNOW AVALANCHES

10°

20°

30°

40°

50°

SLAB AVALANCHES

WET SNOW AVALANCHES POSSIBLE

005:3 Angles for different types of avalanches.
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all the energy from the sun shines through a thin veil of clouds and reaches the 
snow. The snow surface refl ects this energy, and if the sky was clear, the refl ect-
ed heat would disappear into space. But under a thin cloud cover the radiation 
is refl ected back to the snow. 

 Note:  The result of this greenhouse effect is that the snow pack rapidly heats 
up in all aspects. In the short term this will result in increased avalanche danger, 
but in the long term the result will be that the snow pack transforms faster into 
spring conditions (as long as it refreezes overnight). [See diagram 010.]

A cloud cover overnight will also refl ect the earth’s radiation back to the snow 
and may prevent the snow pack from refreezing. 

MELT-FREEZE CONDITIONS FROM A SKIER’S POINT OF VIEW Plan to start the ascents 
early in the morning/night when the snow is frozen. Time the descent to start 
shortly after the snow surface has started to melt and soften.

Make sure that the snow pack is frozen all the way when you’re descending 
from high altitude in the mountains to low altitude and warmer temperatures of 
the valley. It is easy to ski into a trap with very high avalanche danger due to 
rotten snow. When the spring snow is perfect at altitude the snow is, in general, 
already rotten down in the valley.

Keep track of how cold it was during the night and for how long, so you know at 
what altitude the snow really froze. If just the top layer froze it will fast become 
dangerous with the fi rst sunlight. This is especially important if you’re descend-
ing down to a lower altitude than where you spent the night.

Be careful if you’re descending into a different valley that could have had a 
cloud cover overnight (higher temperatures and the altitude of the frozen snow 
limit are higher than the valley you’re coming from). 

WHY, WHEN & WHERE SLABS ARE FORMED 

Wind is the single most important modifi er of the snow pack and therefore very im-
portant for the development of hazardous avalanche conditions. The wind will pick 
up the snow crystals and, while being transported by the wind, the crystals will 
break into smaller particles from colliding with each other and the terrain. The 
small particles are deposited in accumulation zones such as lee slopes and de-
pressions where they get packed close together by the wind, forming a very dense 
layer which rapidly bonds to form a solid and rigid layer. It can be a hard slab 
(which bears the weight of a person on foot) or a soft slab (which does not, but 
tends to break up in blocks between the skis). 

LEE SLOPES It’s important to remember that the aspect of a lee slope can vary 
around a mountain. Depending on local air currents both lee and windward sides 
can form on the same side of a mountain due to cross loading over ridges or wind 
running down the fall line. [See diagram 011.]

WINDWARD SLOPES Slopes exposed to the wind tend to receive less snow deposi-
tion. The scoured, shallow snow pack may result in the formation of depth hoar 
but normally the snow is fi rmly compacted by the wind action. [See diagram 012.]

DETERMINING WIND DIRECTION Since the wind can very rapidly increase the ava-

WATER

009 Melt-freeze metamorphism.

over several days lead to the development of a solid layer which carries a skier 
on top when frozen. From a skier’s point of view this snow is not a pleasant snow 
to ski on when frozen (it’s like a washboard) but from an avalanche hazard point 
of view it’s very safe (like concrete). When the frozen top layer softens during 
the day and turns into spring snow the ski conditions become excellent for a 
short period of time (it could be as short as 30 minutes). Further melting (and in-
creased water saturation) softens the entire snow pack and transforms spring 
snow into rotten snow that has no strength. This is a sign of very high avalanche 
danger!

This cycle of thawing and refreezing is typical of spring conditions but could 
occur at any time of the year due to warm winds (Foehn or Chinook), rain or in-
tense solar heating on south-facing slopes.  

While clouded skies reduce the intensity of the solar radiation and prevent 
softening of the snow pack, a thin veil of clouds results in the opposite. Almost 

010 Greenhouse effect.

007 Rounding of snow crystals. 008 Faceting of snow crystals.
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AND DEPOSITS IT
ON THE LEE SIDE

THE WIND TRANSPORTS
THE SNOW FROM THE 
WINDWARD SIDE

011:1 Snow transport. The wind transports the snow from the windward side and deposits it on the lee side.

WINDWARD
SLOPE

WINDWARD
SLOPE

LEE SLOPE
W

IND

WIND

LEE SLOPE

011:2 Snow transport. The wind transports the snow from the windward side and deposits it on the lee side.

lanche danger even long after a snowfall, it’s important to keep track of how the 
wind is affecting the snow pack. Wind direction is best evaluated locally by ob-
serving natural features of the terrain that are either the result of erosion or 
of deposition. The most important features to look for are:

BLOWING SNOW Snow plumes streaming off ridge tops in clear weather indicate 
strong winds at altitude. The length of the plume gives you a good idea of how much 
snow is being deposited on the lee slopes.  Note:  Just because the plume disap-
pears doesn’t necessarily mean that the wind has stopped blowing. It could just 
mean that there is no more snow to move from this specifi c ridge. 

RELIABLE INDICATORS OF PAST WIND DIRECTION These show you that snow has been 
transported. You need to ask yourself where all the snow has been deposited. Re-
member that the present wind direction can be completely different.

Cornices Cornices are deposits of wind-drifted snow overhanging the lee side of 
a ridge. They indicate past wind direction. [See diagram 013].
Sastrugi This is the term used to describe the erosion of snow that forms a surface 
pattern that looks like waves. They are often very hard and unpleasant to ski on. 
The steep side of the sastrugi is always on the windward side. [See diagram 014].
Snow ripples and dunes These surface ripples and dunes run perpendicular to the 
direction of the wind. The steep side of the dune is its leeside, the opposite of 
sastrugi. [See diagram 015].
Old ski tracks Sometimes you can also see old ski tracks sticking up 30 cm above 
the rest of the snow. The snow in the tracks has been compressed by skiers and 
the surrounding snow has been transported by the wind. 
Drifting Blowholes often form around trees and rocks where a long tail forms on 
the leeward side. 
Rime Rime can be observed on any object standing above the snow surface. Rime 
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deposits always grow into the wind. The longer the rime branches, the higher the 
wind speed and the heavier the deposit.
Scoured ridges When you can see the bare ground or glacier ice on a ridge you 
can tell that the wind has been blowing hard. 

WHY, WHEN & WHERE WEAK LAYERS ARE FORMED 

In addition to the conditions discussed in “faceting of snow crystals” which 
form very weak and unstable layers in the snow pack, we also have to consider 
the formation of snow crystals on the surface, known as surface hoar. 

SURFACE HOAR This is a fl aky, feathery shaped crystal that forms when the vapour 
in the air comes into contact with the cold surface snow. 
Certain criteria are required in order for them to form:
__ Moist air.
__ Surface temperature lower than the dew point of the air.
__ Very calm and still conditions.
These conditions occur most frequently on cold, clear, frosty nights. When the fi rst 
rays of the sun come over the ridge in the morning and hit the snow, the surface 
hoar will sparkle like diamonds in the sunlight.  

During the day the sun burns off much of the surface hoar and some is de-
stroyed by the wind. However, in shady depressions and lee slopes it keeps devel-
oping, protected from the sun and the wind. Due to the shade and subsequent low 
temperatures this layer persists for a long time. It forms a very weak layer when 
buried under new snow and this tends to occur where the formation of wind slabs 
is most likely.

GRAUPELS Graupels are rimed snow crystals with a similar appearance to hail; 
they also form a weak layer when buried so keep that in mind for the next snow-
fall if you see them on the surface. 

WHY, WHEN & WHERE SLIDING SURFACES ARE FORMED 
AND THE ROLE OF THE ROUGHNESS OF THE GROUND 

A sliding surface is one that offers little friction to anchor the snow slab. Gen-
erally, the rougher the ground surface, the more snow depth is required before 
avalanching will take place. Scree, rocks and boulders won’t become avalanche 
slopes until the snow has fi lled and covered the irregularities. Once covered, 
the irregularities will help to anchor the lower levels but layers above the an-
chors will not be affected. [See diagram 016.]

Smooth rock or grass surfaces don’t need much covering before avalanches 
can occur. When buried, ice crust from sun or rain forms a very good layer for 
the slab to slide on. A surface scoured by the wind can also provide a good slid-
ing surface when buried. It’s important to remember what the surface conditions 
were in different aspects and altitudes before the new snow was deposited. Also, 
be careful even if irregularities are showing through the snow surface. Faceted 
snow crystals may be present and the obstacles may provide a weakness and a 
starting point for slab avalanches. 

012:3 Wind direction at ground level is modifi ed by terrain 
features and is therefore not necessarily the same as at 
altitude. Determine the wind direction by observing snow 
surface clues.

DEPOSITION

DECEL/ACCELERATION

012:1 The snow is picked up in acceleration areas and 
deposited in deceleration areas.

DEPOSITION

DECEL/ACCELERATION

012:2 Cross loading over ridges.

Note: Just because the plume 
disappears doesn’t necessarily 
mean that the wind has stopped 
blowing. It could just mean that 
there is no more snow to move 
from this specifi c ridge. 

WHY, WHEN & WHERE A CRITICAL BALANCE BETWEEN 
STRENGTH AND STRESS IS FORMED 

In the snow pack there is a slow downhill movement called creep. The layers in 
the snow pack move at different speeds. The top layers creep at a faster rate 
than the lower layers which move more slowly with increasing depth, friction and 
ground surface. The difference in the rate at which the different layers creep 
creates a shear stress between the layers in the snow pack. [See diagram 017.]  

Static friction between snow layers opposes the shear stresses that occur in 
the snow pack. [See diagram 018.]
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016:2 Thin snow cover; visible anchoring.

016:1 Surface roughness. Thick snow cover; buried anchoring.

016:3 Smooth surface; no anchoring.

POSSIBLE
FRACTURE LINE

WIND DIRECTION

013 Cornice.

WIND DIRECTION

015 Snow dunes.

WIND DIRECTION

014 Sastrugi.
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018 Varying friction within the snow pack.

Note: Sometimes you will be able 
to hear the pack collapse with a 
hollow ‘whumpf’, a very scary 
sound caused by the weak layers 
collapsing. It’s one of the 
strongest warning signals you 
will get. If the terrain is steep 
enough to avalanche you’re in a 
life-threatening situation where 
you must quickly evaluate your 
options. 

017:1 Static friction between layers. 017:2 Distribution of stress on a slope.

HOT SPOTS The “hot spot” idea is quite theoretical but the implication is that 
the hitting of a hot spot may release the whole slope. The problem with hot spots 
is that they are hidden in the snow pack and therefore you can’t see them. So this 
theoretical knowledge won’t help you to make direct decisions in the terrain, but 
it will help you to understand that if you dig a snow pit to check the layers, it 
doesn’t tell you anything else other than the snow structure of that particular 
point due to the irregularity of the snow pack.

Earlier in this chapter you learnt that the snow pack is not homogenous, it 
varies in thickness, density, layering and bonding. To complicate things further, 
the stresses vary greatly between different sections in a given slope depending 
on where there is static friction and where there are weak, layers reducing the 
friction. In all slopes that don’t get skied regularly you will fi nd these compli-
cated patterns of stable and unstable zones next to each other. In areas where 
the bonding is weak the surrounding areas have to compensate and that creates 
tensions in the snow pack.

Imagine a glass plate on which there’s a thin layer of fl our. Then blow away the 
fl our from parts of the plate. Take another plate and put a thin layer of glue on it 
and put them together. The glue will stick on the areas where there is no fl our. 
It’s the same in the mountains when for example surface hoar is buried. You will 
fi nd stable areas (where the snow slab is bonding well with the layer underneath) 
next to weak areas with weak bonding (hot spots). [See diagram 019.]

When you ski down a slope you may cause the weak layer to collapse but since 
the slab is still strong enough it will stay in place. However, the tensions make the 
collapse spread through the snow pack and the weak layer grows. But since the 
strength exceeded the weight, the slab remained in place. When you have trig-
gered enough weak spots the slab will have just enough support at the top, bottom 
or the fl anks to support its own weight and remain in place. Now it’s a trap just 
waiting to be triggered by the next skier. That is why it’s still possible to trigger 
an avalanche even though there are already ski tracks on the slope. I’ve even seen 
a slope with roughly 100 ski tracks avalanche and create a fatal accident.

Sometimes you will be able to hear the pack collapse with a hollow ‘whumpf’, a 
very scary sound caused by the weak layers collapsing. It’s one of the strongest 
warning signals you will get. If the terrain is steep enough to avalanche you’re 
in a life-threatening situation where you must quickly evaluate your options. 
Normally turning back, trying to create as little force on the snow pack (think 
light) as possible, is the best option.

WHY, WHEN & WHERE A FAILURE OF THE SNOW SLAB 
OCCURS AND WHAT TRIGGERS IT 

In a stable snow pack, the strength of the snow is greater than the stress exert-
ed on it. 

For an avalanche to occur, something must tip the balance so that the stress 
on, or within, the snow pack becomes equal to, or greater than, its strength. 

During a deposition of snow (snowfall, wind or both) the extra weight of the 
new snow causes stresses that exceed the strength of the slab. An avalanche will 
release naturally when a slab is unable to support its own weight but often the 
slab will get just enough support at the top, bottom or the fl anks to remain in 
place waiting to be triggered by either:

An increase in load; a skier moving onto the slab, the weight of a new snow-
fall, a cornice collapse from above. 
A decrease in strength; the collapse of a fragile layer, a ski track cutting the 
snow, a rise in temperature, melt water at ground level weakening anchors. An in-
crease in load and a decrease in strength can of course appear together. 

Nobody knows exactly how much extra weight you can add to a given slab be-
fore the weak layer (if there is one) underneath collapses and the slab breaks 
away. If you take the risk of guessing several times every day, sooner or later 
you will guess wrong. Instead you should try to recognise the slabs and where 
and how they are formed, so you can avoid them. This can be very diffi cult and 
sometimes impossible, especially after a new snowfall when the old slabs have 
been buried. 

A lot of skiers are afraid of huge mountainsides avalanching. In general this 
is not diffi cult to avoid, as this tends to happen if the conditions are known to 
be very dangerous. More problematic and complex are the days when the ava-
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1. TENSILE STRENGTH
2. LATERAL SHEAR STRENGTH
3.  LATERAL SHEAR STRENGTH
4. COMPRESSION STRENGTH
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019:5 Forces that hold the snow slab.019:4 Hot spots.

lanche danger is known to be moderate or considerable (see the avalanche scale) 
and skiers start to ski steeper slopes. After a snowfall it’s not enough to merely 
gauge how the new snow is bonding to the old, you must also consider the conse-
quences of the added weight to the snow pack. 

Suffi ce it to say that a group of experienced skiers making careful route 
choices and maintaining good group discipline is taking a much lower risk than 
a group of beginners who rush down the slope at the same time. Also, remember 
that the fi rst person or group of persons entering the slope triggers 90 % of all 
fatal avalanches. 

TERRAIN FEATURES 

Since terrain features help to build and spread stress, certain features are by 
their shape more exposed to avalanche hazard than others. 

CONVEX SLOPES This formation favours a stress within the snow pack. Most ten-
sion usually occurs at the top of the convex slope and it is probably the most 
dangerous terrain feature for skiers. To be able to read the terrain when de-
scending you often tend to ski out on to the steepest section and either stop or 
make a big turn to reduce the speed enough to get time to pick a line. The stop or 
the turn puts an extra load on the snow pack where it’s already weak, causing the 
slab to break off behind the skier. [See diagram 020.]

CONCAVE SLOPES Concave slopes are generally considered to be safer than con-
vex slopes. However, it favours the deposition of windblown snow. You have to be 
especially careful with hard slabs on small slopes. They are supported from be-
low so cutting this support by traversing the slope while skiing or ascending on 
skins can cause avalanching. 

GULLIES Shallow gullies on an open slope are an ideal location for slabs to form. 
[See diagram 021.]

STABLE AREAS

MEDIUM

HOT SPOTS

019:1 Varying stability on a slope.

019:2 Hot spots. 019:3 Hot spots.
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STEEP STRAIGHT SLOPES Uniform slopes are often the best shaped slopes to de-
scend. However, if the slope is avalanche hazardous, it’s often diffi cult to predict 
where a fracture may occur. Avalanches will often start at some discontinuity in 
the slope, such as exposed rocks. [See diagram 022.]

TERRAIN-TRAPS 

Terrain-traps are features that make the consequences of an otherwise relatively 
small avalanche severe. With some common sense they are fairly easy to detect. 
Ask yourself: What would happen if an avalanche occurred here? [See diagram 023.]

A couple of years ago I was digging out a young skier who triggered a 10x5 metre 
wide and 40 cm deep soft slab avalanche on a 15 metre high slope next to a fl at 
groomed piste. He landed on the piste with all of the snow on top of him. Luckily 

022:1 Steep, straight slopes. 022:2 The avalanche is likely to occur where 
the snow pack is thin.

020 Stress within the snow pack on convex 
and concave slopes.

021 Gullies.

enough we happened to ski by and could dig him out in 3—4 minutes. I was sur-
prised to see that such a small slope next to the piste could produce such an av-
alanche. The seriousness of the situation even with such a small amount of snow 
was due to the presence of a terrain-trap, in this case fl at ground. It resulted in 
a fairly deep burial. 

LIKELY TRIGGER POINTS 

Some features of the terrain concentrate stresses in the snow pack and are 
therefore often the starting point for avalanches. [See diagram 024.]

SLOPE ANGLES 

Most slab avalanches occur on 30—45° slopes with 38° as the most common angle.  
Note:  In order to assess avalanche terrain it’s important to be able to esti-

mate the angle of a slope’s steepest section. 
If you feel that conditions are not very stable and decide to ski a lower an-

gled slope (under 30°), even a few degrees more or less can be important. In these 
conditions you don’t want to ski down to the steepest section of the slope and 
start to measure the angle with an inclinometer or different, dubious ski pole 
techniques. If you’re not experienced enough to estimate the angle you can 
check from the top of the slope with the inclinometer on your compass. [See dia-
gram 025.] But the most effi cient way in the long term is to develop a feeling for 
the steepness, so you can, by just looking at the slope, estimate the angle. With 
this experience you can make safe route choices and avoid critical terrain while 
skiing. 

The best way to develop this skill is to ski in stable conditions and periodi-
cally have a guess at how steep the slope is and then check the answer with an 
inclinometer. The basic rule is to be able to tell if a certain slope is steeper or 
fl atter than 30°. 

There are a few tips when it comes to estimating the steepness: 25° is the ap-
proximate point at which you start making switchbacks to save energy when 
skinning uphill. 30° is the angle at which slopes become fun to ski in deep powder. 

 Note:  Keep it simple; estimate only the angle of the steepest section that is 
relevant to the line you want to ski. 

In very unstable conditions you can ski in low-angled terrain and from there 
still trigger avalanches on steeper terrain above you. Remember that even ava-
lanches on small, steep sections can have serious consequences. If you’re skiing 
a couloir, note that the sides in a couloir are steeper than the fall line in the 
middle. 

SLOPE USE 

This is a very important term that changes a lot of the factors we have been dis-
cussing. When a slope is frequently skied, skiers are constantly cutting up the 
layers and compressing the snow pack to a homogenous, almost groomed slope. 
This happens on all the standard runs of all aspects in all the major ski resorts. 
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This means that you only have to worry about how the additional snow sticks to 
the old and not what the extra weight does to the layers farther down in the snow 
pack. However, this only applies where the slope has been regularly skied, as 
soon as you go outside that area by even a few metres you’re back to all the prob-
lems of different layers, hot spots and so on. 

 Note:  Don’t apply your knowledge of snow pack stability in proximity to a ski 
resort (where the runs get skied after every snowfall) to the mountains when ski 
touring, or even when you’re skiing runs that are less frequented.

Be careful after storms or strong winds, even if a slope gets skied frequent-
ly, as it can still produce a large avalanche in the top layers. 

NEW SNOW & AVALANCHE HAZARD 

In the section about snow slabs you learnt how wind affects the snow and creates 
an increased avalanche danger due to the formation of slabs. Another important 
factor is the temperature during the snowfall. 10 cm of snow that falls during 
high temperatures weighs more (due to the higher content of water) than 10 cm of 
snow that falls in cold temperatures, and the extra weight affects the snow pack 
differently.

Even after a snowfall with no wind and cold temperatures the avalanche dan-
ger increases, not only from the added weight to the snow pack but also due to 
the bonding of the new snow to the old surface. Avalanche danger has to be con-
sidered when new snow accumulation reaches 20—30 cm or more. The danger nor-
mally lasts for two or three days before the fresh snow bonds to the surface. 

The amount of fresh snow needed to affect the avalanche danger is much higher 
during favourable conditions than unfavourable conditions. 
Favourable conditions are low winds or little wind loading. The temperature should 
be around freezing when snowfall starts (and decreasing). A stable snow pack at 
base, such as frequently skied slopes. In these conditions, you will fi nd powder 
snow which bonds well with a stable snow pack. The critical amount of fresh snow 
is 30—60 cm. 

023:4 Crevasses. 023:5 Cliffs.

023:2 Steep-sided valleys. 023:3 Plateaus and benches.

023:1 Terrain-traps. Dense forest.
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Unfavourable conditions are high winds more than 10 m/sec, with temperatures be-
low —8°C (increasing during the snow fall). Surface hoar on top of a layer of icy 
crust or hard snow, such as on rarely skied slopes. In these conditions, you will 
fi nd heavy snow slabs on top of a perfect sliding surface with a weak layer of sur-
face hoar and dry snow in between. The critical amount of new snow is 10—20 cm.  
Deposition rate The general rule during a snowfall is, the faster the snow is de-
posited, the higher the hazard. During an intense snowfall the snow pack has less 
time to adjust to the extra weight than when the same weight is added over a 
much longer time. That is why the risk factor of triggering avalanches during an 
intense snowfall is much more important. An intense snowfall is 3—5 cm per hour 
and in extreme situations more than 10 cm. The intensity has no relevance a 
 couple of days after the snowfall. Big dumps (100—150 cm) will drastically in-
crease the level of avalanche danger in the short term and the more snow, the 
greater the danger. However the weight of the snow consolidates the snow pack 
rapidly after the snowfall.

MEASURING THE AVERAGE STEEPNESS

MEASURING THE STEEPEST SECTION

025 Measuring steepness; one person looks along the edge of the compass while the other reads the inclinometer.

024:1 Likely trigger points. Convex slopes. 024:2 Trees.

024:3 Rock outcrops. 024:4 Corniche.

024:5 Base of a cliff.

Note. In order to assess ava-
lanche terrain it’s important 
to be able to estimate the angle 
of a slope’s steepest section. 
[See diagram 025.]
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 Note:  New snow increases the avalanche hazard and that the amount of fresh 
snow can vary with altitude and aspect.

Be careful on a powder day when you start to ski runs of different aspects 
and altitudes. Not only does the layering in the old snow pack change but you may 
have skied all day at low altitude where the snow wasn’t affected by the wind. 

The added weight from a snowfall affects the snow pack. 10 cm of fresh snow 
falling during high temperatures can be the same weight as 50 cm of snow falling 
during low temperatures.

ASPECT (SLOPE ORIENTATION) 

Snow conditions are greatly infl uenced by the aspect of the slope. The aspect is 
the compass direction of the slope’s face when you’re standing on the top and 
looking down its fall line. If you’re standing on the top of a south-facing slope 
at midday you will have the sun in your face. [See diagram 026.]
Orientation to the sun The sun moves lower across the sky in the winter than in the 
summer. On 21 December, the sun reaches its lowest point. After that date the days 
become longer as the sun rises higher over the horizon. 21 June is the longest 
day of the year; the sun has reached its highest position and now it begins to 
sink again.

How much heat a snow surface gains from the sun is dependent on the direc-
tion it faces, the angle of the slope, its latitude and season. Since how the snow 
settles and changes depends on temperature, it’s important to know a slope’s as-
pect. Even in mid-winter when the sun is low in the sky and air temperatures are 
below 0°C, a steep south-facing slope receives strong radiation because it faces 
the sun at almost a right angle. During the same period a north-facing slope re-
ceives no radiation. [See diagram 027.]
South-facing slopes These receive the most solar radiation and therefore round-
ing of the snow crystals occurs faster than on other slopes. Stabilization and 
settlement is more rapid and for these reasons (not taking into account other 
factors such as wind and terrain), south-facing slopes tend to be the safest dur-
ing mid-winter. As spring approaches with warmer days, the previously safe slopes 
now become very dangerous and melting can result in wet snow avalanches. 
North-facing slopes These receive little or no sunlight in mid-winter and are 
therefore subject to maximum cooling that favours the formation of faceted snow 
crystals and surface hoar. Stabilization and settlement is slow and avalanche 
danger due to layering lasts for long periods (the greater part of the season). By 
spring the conditions are reversed, north-facing slopes generally provide a 
safe route from wet snow avalanches when south faces are dangerous (as long as 
you ski at an altitude higher than that at which freezing took place).
East- and west-facing slopes These slopes will exhibit characteristics somewhere 
between south- and north-facing aspects.

Especially from early winter until midwinter when the sun is very low on the 
horizon, these aspects will have different snow conditions in localised areas 
due to the long shadows cast by even small features of the terrain. You can have 
well settled south-facing conditions on one side of a ridge and unsettled north-
facing on the other side. Later in the winter, west-facing slopes tend to be a bit 
safer than east due to the heat in the afternoon. East-facing slopes are also 
subject to the sun but at the coldest time of the day.028 The importance of latitude.
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026 The sun’s effect on the aspect of the slope. 027 Orientation to the sun.
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Latitude While it is always important to consider slope aspect in the lower lati-
tudes (30—55°) it is not as important farther north during mid-winter when the 
sun is low or under the horizon. [See diagram 028.] 

By spring and early summer the days are much longer at higher latitudes and 
the snow pack receives more radiation than farther south. 
Particularly dangerous aspects Around 75 % of fatal avalanche accidents occur on 
slopes facing northwest, north or east. 60 % of all those fatalities occur in the 
north sector (northwest to northeast). [See diagram 029.]

 Note:  A slope’s orientation to the sun and wind (see formation of slabs) is 
very important when considering avalanche hazard and trying to fi nd good ski-
ing conditions.

If there is enough radiation for melting, sun crust will form during the night 
when the melted layer freezes. On steep south-facing slopes the snow will trans-
form faster providing excellent skiing conditions (spring snow), while slopes less 
angled or east- or west-facing still offer breakable crust.

Due to different features of the terrain, you can ski different orientations to 
the general aspect of the slope. Make sure that this is from choice and not be-
cause you have been forced to by poor route choice. 

REGIONAL CHARACTERISTICS OF THE SNOW PACK 
AND AVALANCHE DANGER 

The general climate of a region plays a major role in snow pack stability and its 
general characteristics. You can roughly distinguish between two major types of 
snow pack; the continental and the maritime. These are the two extremes at each 
end of the scale but nature is of course never that simple and predictable. So 
keep in mind that any mixed form of climatic conditions and snow pack can oc-
cur. Therefore instead of learning too many general rules, develop and use your 
snow sense/knowledge of what triggers and controls the different processes in 
the snow. With greater understanding you can adapt to conditions anywhere in 
the world. 

CONTINENTAL SNOW PACK Areas with cold, sunny and relatively dry winters are 
usually characterised by shallow and unstable snow packs. These conditions are 
found far from the oceans in the continental zone and here you will fi nd the dry 
and light snow (Champagne powder) that most skiers dream about. The shallow 
snow pack in combination with the cold temperatures give a complex snow pack 
with a multitude of hidden weak layers. Depth hoar and surface hoar is very 
common here and weak layers are long-lasting. Avalanches may occur many 
days after the last snowfall. Early and mid-winter are the most dangerous sea-
sons. Avalanches in February/March may slide on weak layers that formed in No-
vember/December. Spring is safer due to warmer temperatures and deeper snow 
pack. The general avalanche hazard can vary greatly from winter to winter de-
pending on temperatures and snow depth in early winter. Continental areas such 
as the Central Alps and the Colorado Rockies lead the statistics in avalanche 
deaths.

 Note:  In a continental zone, you should remember to judge how the new snow 
is bonding to the old, and consider what the consequences are of the added 
weight to the snow pack. 
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029 Distribution of fatal accidents according to slope aspect.

MARITIME SNOW PACK Areas with relatively mild winter temperatures that receive 
high amounts of precipitation are usually characterised by deep and stable snow 
packs. These conditions are found in coastal mountain ranges. Avalanches gen-
erally release naturally during or after storms. In general, avalanche hazard is 
not persistent over extended periods of time. At mild temperatures the moist 
and heavy snow normally bonds well with the old, rather homogenous snow pack 
(that’s why most of the steep ski descents in the Alps are made late in the sea-
son, often as late as May and June). 

Rain is common and wet snow avalanches occur throughout the ski season. Weak 
layers often occur in new snow and are caused by temperature changes during a 
storm. The avalanches most often slide on ice crust caused by sun or rain.

In good conditions it is possible to ski very steep slopes that it wouldn’t be 
possible to ski in the shallow and less stable continental snow pack.

 Note:  Even in a maritime snow pack the general rules apply; cold tempera-
tures and shallow snow packs favour the formation of depth hoar. The more new 
snow the higher the avalanche danger (especially if it falls on icy crust). 



THE SKIER’S CONCLUSION Remember that depth and stability of the snow pack 
vary with season, altitude, aspect and terrain. Winters and regions with thin snow 
cover and cold temperatures are more dangerous to skiers. Rocks, bushes and 
trees are weak points in the snow cover since loose packed snow favours the for-
mation of facets. 

The snow is weak when water is present but very strong when frozen. New snow 
increases avalanche danger. 

When you doubt snow stability, stay on ridges and on fairly fl at ground (less 
than 30°) to play safe. Different terrain features on any given slope mean that 
there is a variety of different orientations available to ski on. 

Last but certainly not least: A slope is not safe just because there are ski 
tracks on it. 


