SNOW STABILITY EVALUATION
By Janet Kellam, including adapted material from NAS 2005, Jill Fredston

Course Objectives:
By the end of this lecture, participants should be able to
• Identify bull’s eye information about snow instability
• Understand how to seek clues and how to integrate specific data from
observations and stability tests
• Understand how to develop an evaluation routine that objectively examines
data and avoids biased decision‐making
• Be able to identify instability trends

Lecture Description:
Snow stability evaluation is when we integrate all our information about snowpack,
weather and terrain in order to answer the question “will it slide?” Snow stability is
relatively easy to determine when the conditions are very, very bad or very, very
good. Evaluation becomes more challenging when stability conditions lie between
the two extremes, which can be much of the time.
The lecture will cover the basic process of evaluating snow stability by recognizing
bull’s eye clues and identifying snow and weather factors contributing to instability.
Equally important, it will show how to prioritize, organize and systematically
integrate all of the information from weather data, observations and stability tests.

Workshop Description:

In this decision‐making workshop, participants will divide into small groups and be
presented with an avalanche hazard evaluation problem that puts them between “a
rock and a hard place.” Participants will need to communicate what they are going
to do, how they are going to do it, and what data they are basing their decision upon.
In order to define these answers, participants must first be able to determine what
the stability of the snow is. This workshop examines an uncontrolled, backcountry
snowpack. Decisions must be based on concrete information and acceptable
practice.
After presenting the basic outdoor setting in pictures and words, facilitators will
open the floor to questions with the participants posing specific, data gathering
questions. “ Is it safe?” is not a valid question. The purpose of this workshop is to
practice seeking and integrating bull’s eye information about terrain, weather,
snowpack and human variables to determine whether or not a potential avalanche
hazard exists.

SNOW STABILITY EVALUATION LECTURE
Snow stability evaluation is an ongoing process. It begins with the first snowfall and
does not end until every snow crystal has melted. It is important to note that snow
on a slope is a dynamic system. Stability evaluation should not only address the
snowpack at a single point in time, it must also anticipate changing stability as the
many factors influencing the snowpack change.
Synopsis:
Avalanches do not happen by accident, they happen for particular reasons.
Snowpack, Weather and Terrain and the interactions between all three of these
critical factors are key when evaluating the stability of a particular slope as well as a
larger region.

•

Stability Evaluation is based on real data and multiple observations. Beware
of making assumptions or being influenced by personal biases and outside
pressure.

•

An organized system is critical for stability evaluation

•

Keep operational records

•

Collaborate and share information

•

Review “missed” forecasts and stability evaluations (no one is right 100%)

Avalanches occur when stress on the snowpack system is equal to or greater than
the strength of the snowpack system. First, the snowpack must fail and initiate a
crack. Secondly it must propagate the crack (fracture) to produce an avalanche on a
slope.
RECIPE FOR AN AVALANCHE
A SLOPE
A SLAB
A WEAK LAYER
A TRIGGER

1) INITIATION
2) PROPAGATION

THE PROCESS OF STABILITY EVALUATION:
Prior to going in the field:
• Review your records of snowpack history, conditions and assessments
• Access avalanche advisories for current conditions and snowpack history
• Identify what type of avalanche problems you anticipate
o New snow, loose snow, wind slabs, wet snow, warming temperatures
o Persistent weak layers and deep slab conditions
• Identify where you anticipate the different types of avalanche problems
o Overall aspect, elevation, what regions or large areas
o Drainages or smaller areas within a region
o Specific slopes
• Utilize weather products for past, present and future weather
• Utilize local knowledge‐(professional and recreational contacts)
o Past conditions and current observations
In the field:
• Make observations from the second you step out the door
• Data Collection‐Make ongoing targeted observations as you travel over snow
o Observe and test the snow, use a variety of techniques in a variety of
locations. Visual clues, informal tests, column tests, block tests
• Look for multiple clues and redundancy from a variety of sources
• Look for instability not stability
• Adjust and update your evaluation throughout the day
• Don’t make assumptions
• Mother nature’s warning signs take precedence
o #1‐active sign of instability‐ natural or triggered slides
o #2 active sign of instability‐ shooting cracks, whumphing
• Additional conditions that may lead to avalanche problems
o Significant new snow, wind, warming temperatures, persistent weak
layers
• Remember, human triggered avalanches often occur before natural slides or
even if natural slides do not happen
• Anticipate future problems
o Ask yourself “So What” and “What if”
o Consider thresholds that may represent changing stability
• Keep Field Notes
Important factors for stability evaluations:
• Terrain‐update your evaluations for varying terrain
• Recognize patterns and trends
o Current
o Historic
o When unprecedented events become possible
• Rate of change applied to the snowpack system
• Spatial Variability
• Uncertainty

DATA COLLECTION NOTES:
Data is specific or measured information, observations and test results.
The key to evaluating snow stability is having access to reliable information about
the stress/strength relationship of the snowpack in question. By choosing
information that provides a high degree of certainty in its message and by seeking a
variety of clues and test results that either reinforce or refute the message, you can
quickly make an educated evaluation based upon meaningful information. The key
to this process is going for the “bull’s eye” data. This gets to the heart of the problem.
Pay attention to its message. No one clue tells the whole story; information must be
integrated from a variety of sources. Stability evaluation is an ongoing process;
opinions must be constantly updated and new opinions may arise and be developed
based upon new information.

Terrain:

Is the terrain capable of producing an avalanche?
Slope Angle: Concept‐ the greater the slope angle the greater the stress on all the
slab boundaries (i.e., the crown face, flanks, stauchwall, and bed surface/slab
interface) due to gravity. Verify measurements with an inclinometer; don’t guess.
•

Slab avalanches in cold snow are possible only within a certain range of
slope angles, generally between 25 and 60 degrees plus. Prime time
starting zones range between approximately 35 and 45 degrees. These
should not be taken as absolute numbers, but as an approximate range
that varies with snow climate and specific avalanche conditions.

•

One notable exception to this range of angles are slush flow avalanches.
(Slab releases of water saturated snow.) These occur in high latitude
mountain ranges and have been reported initiating in creek beds with
slope angles of less than 15 degrees. Slush flows are not wet snow
releases, which commonly occur at lower latitudes in response to mid‐
winter thaws or springtime solar radiation and warm temperatures.

•

Human triggered avalanches can be initiated from a slope of any angle
under certain conditions, even the flats, as long as some portion of the
slope is connected to avalanche terrain and instability exists.

•

Different types of instabilities tend to fail at different slope angles. Pay
attention to which angles and aspects are failing when a cycle starts, or
slides are triggered.

Slope Aspect: (in relation to sun/wind)
Leeward, shadowed or extremely sunny slopes are potentially more unstable.
•

Leeward: because of increased stress due to rapid loading and layering of
wind transported snow.

•

Shadowed: because of the greater propensity for the development of
faceted crystals and the reduced rate of strengthening through
settlement. (Due to the absence of beneficial warming by the sun and
generally colder temperatures; this also creates a potential for larger
temperature gradients).

•

Extremely sunny exposures: because of the rapid weakening of the bonds
between snow grains from solar heat and the percolation of meltwater
into and between snowpack layers. Also the likely development of crust
layers that newer snow may or may not bond to.

Slope Configuration (roughness/shape): Concept‐ anchor points not only provide
holding ability for the snowpack, but they can act as points of differential stress
concentration (i.e. immovable objects surrounded by an otherwise flowing
snowpack). Other variations along a slope can also create areas of additional stress.
•

Slabs frequently fracture just below convexities and between anchor
points because these are the areas of greatest tensile stress.

•

Rough irregular surfaces, such as boulder fields or heavy vegetation,
generally provide better anchoring for a snowpack than smooth surfaces
such as grassy or tundra covered slopes or smooth rock slabs. Once the
irregularities are covered up, the upper layers gain no anchoring benefit.

•

As snow depth increases, the effectiveness of anchors decreases.

•

Steep rocky terrain is often prone to having shallow, weak faceted snow
form around buried or visible rock outcroppings. If a persistent buried
weak layer also exists across the slope, these shallow spots may become
trigger points.

•

Avalanches can occur on all steep snow‐covered slopes, given the proper
conditions of instability regardless of slope shape or roughness.

Weather:

Has the weather been contributing to the instability?
Precipitation (type, rate, amount):
Concept‐ Increased weight from snow or rain causes increased stress. A given
snowpack can only adjust to a certain amount of stress (i.e. load) and only at a
certain rate of speed. How much new stress is the snowpack capable of handling?
How well is the new snow layer bonding to the old snow surface? Don’t make
assumptions or guess, check it out.
•

Generally, warmer more consolidated snow layers on top of colder less
cohesive layers tend to reduce stability. Conversely, warm snow falling
over warm snow tends to bond well and strengthen through settlement if
other factors are not involved like wind, rain or warming temperatures.

•

Unlike snow, rain provides no additional strength, only weight and
lubrication. Rain falling on new snow leads to unstable conditions very
rapidly, even before much weight or lubrication is added. A full scientific
explanation has not been found as of yet, but this condition warrants a
conservative stability evaluation. Rain on old snow is slower to react.

•

As an example of rapid loading, a storm producing 12” snow
accumulation during one day is more likely to result in increased
instability than one which deposits 12” over 3 days. Record
measurements during storms of storm snow depth and inches of water
versus time in order to measure the rate of precipitation.

Wind (wind speed, direction, duration, amount of snow transport):
Concept‐ Deposition of wind transported snow increases the stress in leeward
(wind loaded) areas, enhances slab formation, and builds cornices. Wind
speed/direction along with the type and amount of snow available for transport
determines the depth and distribution of newly deposited wind slabs.
•

Snow transported from windward slopes can rapidly increase instability
on leeward slopes due to the inability of the snowpack to adjust to the
new weight. A weak layer or a poor bond between layers with little
internal strength may not be strong enough to hold the weight of the
newly deposited load.

•

Each snow type has a wind threshold speed (the speed at which snow
starts to move). Low density unconsolidated snow is more susceptible to
wind action than older, harder snow. How much snow is creating loading
(and where), and how much is being sublimated? Field observations of
ski and foot penetration into the surface snow are a useful indication of
how much snow is available for transport. Measure actual wind loading
and deposition. Patterns can vary with each wind event on the same
slope.

•

Two important observations need to be made when considering
triggering avalanches in wind slabs. Big, fat, fresh wind pillows can be
trigger points due to the recent load or deposition and thus the greater
stress. Often the case during or immediately following a storm; this
concept is utilized for ski cutting new snow in ski patrol snow safety
measures. In the case of older or harder wind deposition and buried weak
layers, susceptible trigger points are more likely found near the thinner
edges of wind slabs or at thin spots in the slab where underlying weak
layers are closer to the surface. (Weak layers are commonly found around
or on top of rock outcroppings.) Ski cutting is not utilized for old or hard
wind slabs, as this type of slab is less predictable and tends to break
above the person. The bottom line‐be wary in any wind affected terrain.

Temperature (max/min, trend, and freezing line):
Concept‐The warmer the snowpack temperature, the faster internal changes
take place. What effect are current and projected temperature changes going to
have on the snowpack? How will these changes affect the snow stability?
•

As snowpack temperatures warm, the rate of deformation increases and
both creep and glide downhill may be accelerated. What have the
temperatures been? Keep records!

•

Warmer snow temperatures also mean faster rates of metamorphism,
regardless of the type of change. Remember the Betty Crocker Principle.
It is the presence or absence of a temperature gradient that determines
the type of metamorphism. It is the ambient temperature of a layer and
the temperature gradient that determines the rate of metamorphism.

•

Rapid or prolonged warming of the snowpack (near 0 degrees C) or
intense solar radiation often results in greater instability. Conversely,
cooling of a warm snowpack usually results in a more stable condition, all
other factors being equal.

•

Persistent buried weak layers in a cold dry snowpack may persist for long
periods of time. Persistent grain types such as buried surface hoar or
large size faceted snow may remain intact for weeks, months, sometimes
most of a season. When these conditions exist, the possibility of false‐
stable tests and delayed action avalanches must be considered.

Snowpack:

Will the weak layer fail and the slab propagate a crack?
Slab Configuration (depth, distribution, and structure):
Question #1: Do you have a slab? If so, what is its depth and distribution across
the slope? What are its boundaries if it were to slide?
•

Examine the slope in relation to wind direction to help determine slab
distribution. Use your probe to determine depth and boundaries and
relative hardness or weak layers.

•

Caution: Don’t expose yourself to potential harm by working beneath a
slope that is suspect. Pick safe spots to dig a pit, utilize smaller test slopes.
If conditions are fairly unstable, safer low angle slopes may provide all
the information you need.

•

Remember the concept of spatial variability across a slope. You are
looking for representative patterns, not just one observation in one
location.

Bonding Ability:
Question #2: How well is the slab bonded to the layer beneath? Are there
persistent buried weak layers? What is the nature and possible distribution of
weak spots, trigger points or shallow snow areas? Wind exposed, rocky slopes
are often suspect for shallow, weak areas.
•

Confirm the nature of the weak layers by probing, digging quick arm pits,
ski track shears, snowmobile bank hits, perform other shear tests and
stability tests. Look for bull’s eye clues such as cracking, collapsing and
whumphing by traveling off the beaten track. If previous avalanches exist,
examine fracture lines and flank profiles to determine the cause of
failures.

•

Poorly bonded layers come in all forms. Dig down to any suspected weak
layer and test it. In some cases of new snow instability it may be very
hard to discern a slab and a weak layer or a poor bond until you perform
some tests.

•

Be aware of the fact that you may not be able to detect instability using
tests alone. Some trigger points or tender spots are hard to find and
dangerous to approach. Use extreme caution in your choice of test sites.

Sensitivity to Force:
Question #3: What kind of force will it take and where placed to make the weak
layer fail? Can the slab propagate a crack? Are there persistent buried weak
layers? What type of instability or character of avalanche are you dealing with?
Integrate results from all of your tests and observations. Look for redundancy
and multiple clues. Be objective‐ avoid assumptions and don’t let personal
desires bias your interpretations.
Although in some cases of deep slab instability it may not be likely to trigger
an avalanche, the results can be catastrophic and on a large scale due to the
depth and extent of the slab. For example, deep persistent instability often
requires greater force and often just the right placement of force, or just the
right timing such as when additional stresses are being added to the
snowpack (snowfall, significant solar radiation, dramatic warming, wind
transport). Deep slab instability can produce false stable results in stability
tests. The bottom line is you (or anyone else) really don’t want to be on or
beneath a deep slab when it goes.
DATA INTERPRETATION:
Organizing and incorporating snowpack field tests with stability evaluations
1) Strength
2) Structure
3) Energy
1) Strength‐of the weak layers in relation to the slab
Do tests indicate conditions conducive for initiation?
Column tests‐ test for failure of weak layers
Compression test, Stuffblock test
Non‐standardized snow tests‐shovel tilt, loaded column, hand shears
2) Structure‐representing structural instability
4 of 5 Lemons can indicate instability
Weak Layer Depth: < 1 meter
Weak Layer Thickness: < 10cm
Grain Type: Persistent (facets, depth hoar, surface hoar)
Grain Size Difference: > 1mm (at weak layer boundary)
Hardness Transitions between layers: > 1 step in hand hardness
3) Energy the rate of release in the snowpack
Do tests indicate conditions conducive for propagation?
Quality of shear‐ Q1, Q2, Q3
Fracture character‐SP, SC, RP, PC, BRK
Block Tests‐ tests indicate the potential for propagation
Extended Column Test, Propagation Saw Test
Rutschblock full release

MAJOR CLUES TO INSTABILITY:
Generally, when an unstable snow condition exists multiple clues and apparent test
results will also exist. The key is to piece together patterns of locations, slope
aspects, elevations, the range of slope angles and specific conditions. When
forecasting into the future, it is critical to evaluate stability trends.

BULL’S EYE CLUES
THE CLUE

THE MESSAGE

Recent avalanche activity

The #1 Bull’s Eye Clue
When recent activity has occurred, slopes of
similar aspect and elevation are suspect.

“Whumphing Noises”

The sudden collapse of an underlying weak layer.
Indicates extreme instability and avalanches are
very possible or likely on steep enough slopes.

Shooting Cracks

The weak layer failing and the slab propagating a
crack or fracturing. Typically, the longer or
deeper the crack the more serious the instability.
Avalanches are very possible or likely on steep
enough slopes.

RED FLAGS
Hollow Sounds

Hollow, drum‐like sounds when a slab is stepped
upon indicate the presence of a less consolidated
and potentially weak layer beneath a harder,
more consolidated layer. Unstable wind slabs
often exhibit this characteristic. Remember wind
slabs may be triggered from the thinner edges of
the slab or from weaker spots within the slab
boundaries.

Wind transport, snow plumes

Visible along exposed ridgelines when the wind
is transporting snow from windward to leeward
slopes. Conditions can become unstable very
quickly. If the wind transport persists, avalanche
cycles may repeat as slopes are reloaded with
wind blown snow. Closer inspection reveals
wind textured surfaces and often hollow sounds.
Cross loaded slopes can result at mid to lower
elevations even though pluming may not have
been observed.

Storm Activity

Shear, Stability and
Propagation tests

Explosives Results

New snow can make conditions more unstable,
especially if rapid rates of precipitation and
snow accumulation occur. If the only problem is
new snow instability and not deep slab or buried
weak layers, warmer climates will tend to
stabilize faster than colder temperatures.
Easy shears and very easy shears from a variety
of stability and propagation tests indicate
instability. Look for patterns of instability.
Negative or no shear results do not warrant a
stable evaluation until all other factors are
considered and multiple tests are conducted in a
variety of locations.
If instability is suspected, lack of results may be a
result of poor timing or placement. Utilize data
from a variety of sources to make your stability
evaluation, not just explosive or artillery results.

SPECIAL NOTES ON PERSISTENT WEAK LAYERS:
In the case of buried weak layers or deep slab instability, the clues may not be as apparent
as they are for new snow problems and test results may be mixed. Because of prolonged
instability and greater uncertainty associated with persistent weak layers it is important to
be conservative and watch for any changes in weather that may be increasing the stress on
the snowpack.
In the case of persistent buried weak layers (faceted snow or buried surface hoar), a
cumulative threshold may be reached by gradual loading over time and a large failure can
result. Sometimes this threshold for deep slab release can occur with seemingly small
changes in stress and strength. The instability may appear dormant until a human trigger
collapses a thinner, weak spot on the slope. If the snowpack is unstable, a deep slab
avalanche once initiated, can propagate long distances through a seemingly impervious
slab.
It is important to consider unseen factors that may be involved in a deep, large slab on a
slope with a buried weak layer. Gravity induces downhill creep of the slab and stress can
concentrate at the slab/weak layer interface while this gradual loading is occurring. Intense
solar radiation may also play a role in accelerating downhill creep, thus adding stress. (Look
at rooftops and roof avalanches.) Shallow snowpack areas in steep rocky terrain are
notorious for becoming trigger points with these conditions.
Persistent weak layers, once buried, should always be considered a red flag and further
investigation is essential. It is imperative to weigh all the factors and make conservative
decisions when assessing stability of slopes with persistent buried weak layers. Careful
terrain selection will be your best defense during times of prolonged deep slab instability.

Evidence and Data
Avalanche hazard factors (examples of commonly used factors)
The strength and weight given to these factors is a judgemental assessment with no
hierarchy of data type

SNOWPACK
-Spatial/Temporal variability
-Weak layer/interface presence
-Weak layer type (storm/persistent)

TERRAIN

-Weak layer depth

AVALANCHES

-Weak layer strength/stress

Spatial Scale

Observed and potential

-Bed surface

-Incline

-Character

-Slab thickness

-Type

-Slab stiffness

Scale – space/time

-Shape

-Trigger type

-Load on weak layer(s) – H20

-Current and future

-Forest cover

-Trigger size

-Snow surface condition

-Precip (type, intensity, duration)

-Ground roughness

-Size – destructive

-Snow available for transport

-Wind (speed, direction, duration)

-Terrain size

-Size – relative

-Snowpack temperatures

-Temp (magnitude, trend)

-Elevation (vegetation band)

-Number & distribution

-Moisture content

-Energy balance (solar radiation)

-Traps (terrain complexity)

-Water (moisture)

-Propagation potential

-Humidity

-Overlapping terrain

-Runout distance

-Compaction

-Sky condition

-Glaciation

WEATHER

-Aspect
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by Dale Atkins and Knox Williams

“Deep-slab instability still
lurks…beware, these slabs may
inspire false confidence luring
backcountry travelers further
out onto slopes before releasing
large areas….”
s a user of the CAIC daily avalanche bulletins, you no
doubt have read or heard us mention deep-slab instability and the potential for big avalanches. But just what
is deep-slab instability? Why is it so difficult to assess? Why is
it so deadly? And what can you do about it?
To answer these questions we put our heads together to
compare experiences with different winters, weather patterns,
and snowpacks; we reviewed past accidents for common
themes; and we checked a few avalanche books, but not too
surprisingly found there is very little information about deepslab instability. In this short article we will summarize the facts
of deep-slab instabilities, what you can look for, and what you
can do about it.
Deep instability simply refers to weaknesses in old snow
layers, and deep-slab avalanches are those that break into old
snow layers. We know from work done primarily by the Swiss
Federal Institute of Snow and Avalanches in Davos, that the
deeper the weak layer, the less stress a person exerts on the
layer. In fact, a person’s weight has little additional effect on
weak layers buried deeper than about one meter. Knowing
this, we decided to look at Colorado avalanche accidents
involving deep releases. We defined a deep release as any slab
avalanche with a fracture line greater than three feet.
Conversely any release equal to three feet or less is a shallow
release. We ended up with a sample of 239 human-triggered
slab avalanches where we know the type of avalanche and the
fracture-line (crown face) depth and width. On average, 25
percent of avalanche accidents involve deep releases in
Colorado and other western states. Let’s take a look at the
facts of deep instabilities and deep-slab avalanches.
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Hard slab by definition is
a cohesive slab layer having
a density greater than 300
kg/m3. Skis barely cut into
it. On the hand-hardness
test, it is usually pencil hard.
It is usually formed when
strong winds redeposit
snow. (See Figure 1)
Hard-slab avalanches are
nasty and unpredictable
beasts, and in Colorado our
high elevations and strong
winds mean widespread
hard slab conditions. In fact
in Colorado 59% of avalanches deeper than three
feet involved hard slabs,
whereas only 11 of 175
(6%) avalanches three feet
or less were hard slabs.
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Fact 1: Deep instability often involves
hard-slab avalanches.
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Figure 1: Cumberland Pass,
Colorado, fatal avalanche fracture
line profile, February 6, 1999

Fact 2: The snowpack appears to be very strong
and able to withstand lots of weight.
There is no doubt that hard slab is strong snow-because of
its high density that results from the close packing of very small
grains. Generally speaking, the thicker the slab, the stiffer and
stronger the slab. Thick hard slabs often conceal their trap
from the unwary backcountry traveler with an illusion of stability, and it is stability, not strength, that is the important characteristic. These slabs can be very strong but are only as stable
as the weak layer below. Failure and fracture start first in the
weak layer, not the slab. In Colorado deep slab avalanches
catch an average of two people per avalanche compared to
1.7 people for less deep avalanches. Why? See Fact 4.

Fact 3: The weak layer
is days, weeks, or
even months old.

Figure 2: Buried surface hoar
layer near Wolf Creek Pass
(Photo: Tom McKelvy)
!
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Persistent weak layers are
the usual problem layer in
deep-slab avalanches. These
layers are composed of relatively large and cohesionless
grains that are slow to
change shape or gain
strength. These snow grains
include depth hoar and
facets, along with surface
hoar crystals. These weak
layers often form during a
prolonged period of fair and
mild weather when a strong
temperature gradient dominates the snowpack. It is

often during these same periods when the three C’s—clear,
calm, and cold—create weak surface hoar on the snow
surface. Additional snows eventually bury these weak layers
(See Figure 2), and it is not uncommon for a persistent weak
layer to produce avalanches a month or two later.
Persistent weak layers are especially troublesome because
even though they gain strength over time and sometimes can
support considerable loads, when fractures do occur they can
propagate long distances. A persistent weak layer is analogous
to a line of closely spaced dominoes standing on end. Both are
strong in compression and can support much weight; however,
both are weak in shear. When one domino topples and falls
into its neighbor it can trigger a cascade of toppling dominoes.
Once a fracture starts in the weak layer, it may propagate long
distances through the layer.

Fact 4: Deep slabs release above you.

Figure 4: A large slab avalanche near Red Mountain Pass triggered by
backcountry skiers while standing on the ridge far to the right of the
avalanche. The skiers felt the shallow snow collapse beneath them and
watched cracks shoot out and release the avalanche. The fracture line
or crown face ranges from 2 to 8 feet deep. November 30, 2004.
(Photo: Messmore Kendall)

Usually the stronger the slab, the farther fractures propagate, and therefore the bigger the avalanche. There is even
more bad news: these avalanches fracture higher above or
farther away from the trigger point—your position. (See Figure
3) The result is that deep-slab releases are harder to escape
from. Soft and shallow slabs more often break at or near your
feet, giving you a slightly better chance to escape (but any
avalanche once set in motion is difficult to escape). In
Colorado the width of the average fracture line for a shallow
release is about 260 feet; however, the width for a deep
release is about double that at 540 feet across.

Fact 5: Deep
slabs are
triggered
where the
slab is thin.

Weak
Layer

This fact is key
to understanding
human-triggered
deep-slab avalanches. Though
our records tell
Figure 5. The additional stress of a skier can
of human-trigaffect a weak layer where the slab is shallow.
gered avalanches
up to 12 feet deep, it is essential to recognize that the fracture
line did not occur underfoot. The victim triggered the avalanche from a thinner spot where their body weight could
affect the weak layer. (Figures 4 & 5) Once fracture occurs,
cracks are driven by high energy and quickly propagate into
the deep slab areas. A person
exerts nearly two times the
force on a layer one-half
meter (50 cm) deep compared to the same layer
buried one meter down, and
nearly four times the force
compared to the same layer
buried two meters. It is not
uncommon to see a skier or
snowboarder cut across a
large pillow of wind-drifted
snow only to see the fractures
shoot out as the rider reaches
the edge or bottom of the
drift. The same happens but

Skier

Figure 3: Skier triggering a deep
slab when he hit an area of
shallow, weak snow near a rock
band. The final fracture was far
above the trigger point. The
dashed border represents the area
shown in first photo. (Photos:
Tom Fankhanel, February 1984)

continued on page four
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Deep Slab Instability
continued from page three

with all too often tragic results when a skier crosses the thin
spot of a large slab and sets an entire slope into motion. The
problem for all of us in the backcountry is, of course, that we
do not know where the slab may be thin.

Fact 6: Snow pits and stability tests like the
Rutschblock and Compression Test can be misleading.
Snowpits are a great way to learn about snow and avalanches, but snowpits can be deceptive because they only
reveal information from one point in the snow cover.
Snowpits can also be misleading when diggers interpret the
wrong layers. Many backcountry travelers tend to focus
on the strong snow layers instead of weak layers. Another
common mistake is to dig in areas of deep deposition where
the weak layer is far below the snow surface. When the weak
layer is buried more than a meter down it is difficult to assess
the weakness.
Stability tests can also be misleading when assessing deepslab instability. Because the weak layer is deep and often old,
stability tests often score in the moderate to high (stable)
range for two reasons. First, because the weak layer is deep,
the thick slab attenuates the applied stress, reducing its affect
on the weak layers. Second, it is easy to unknowingly dig in
the wrong spot, where the weak layer is deep or is strong.
With time, the super-weak zones in the weak layer will get
smaller and slopes become less sensitive to triggers. This
explains why we tend to see more frequent but smaller avalanches during a storm. But as the days pass we see fewer but
larger avalanches. As the super-weak zones shrink you are
also less likely to dig in the right spot to encounter the
weakest snow, so stability scores may be high. This can give
false confidence and a perception the snow is more stable
than it really is.

Fact 7: Deep-slab avalanches produce large
forces and crushing weight.
The middle of a roiling and crushing avalanche is a bad
place to be, and this is especially true of deep-slab avalanches.
In nature when it comes to gravity-enhanced events, bigger
and heavier is almost always faster and more powerful and
this is especially true with deep-slab avalanches. Certainly a
deep-slab avalanche implies more snow, but also the density
of that slab will likely be greater, resulting in an even more
massive avalanche. The power of a deep slab avalanche is
best viewed from afar.

What Should You Be Alert To?
Deep-slab avalanches are ornery and unpredictable. These
avalanches are not only deeper but also wider than shallow
releases, and thus more dangerous. Even worse, while the first
skier or snowmobiler might trigger it, it is more likely that the
5th, 10th, or even 20th traveler will hit the weakest spot and
cause the avalanche. During times of deep-slab instability it is
easy to be lulled onto steep slopes because they seem stable.
4
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To avoid this trap, here are some points of which to be aware:
• Avoid hard slabs on steep slopes. Hard slabs are notoriously
unpredictable and best left alone. Hollow drum-like sounds
are the most obvious clue to unstable conditions.
• Dig snow pits in spots of shallower snow and/or where the
slab is thin. This makes it easier to test the weak layer
because the applied force in a Rutschblock or compression
test will easily reach the weak layer. Stability tests performed at the top of slopes are less reliable than tests done
along the edge and lower on the slope. Of course this can
create the interesting dilemma of how much risk you’re
willing to take to get good data. If you are concerned about
the snow, but unwilling to take risks to collect that information, we suggest you find a different, less-steep route.
• In snowpits, look for and test persistent weak layers, such
as a thick layer of depth hoar or a thin layer of buried
surface hoar. A dangerous combination is a persistent weak
layer sitting on top of a crust (e.g., melt-freeze, sun, or rain
crust).
• On steep slopes, be leery of the edges of pillows on winddrifted slopes. At the top of a pillow or drift the snow will
be deep, and you will find lots of strong snow between you
and the weak layer. Where the drift tapers lower on the
slope, less slab separates you from the weak layer, and you
could more easily trigger an avalanche.
• Generally winters with low snowfall or winters with periods
of prolonged dry spells-and occasional periods of strong
wind-are best known for creating persistent weak layers
and deep-slab instabilities.

What Should You Do About It?
Uncertainty is the operative word when dealing with deepslab instabilities, and the backcountry traveler who assumes
stable conditions may be in for a rude and painful surprise.
Your first task is to learn as much as you can about current
conditions. On a broad scale, the CAIC hotlines and emails
will relay information that we have received on hard slabs or
deep-slab instability. On a small scale-like the slope you want
to be on-it is up to you to get data through observations,
snow pits, and stability tests. Use the tips listed above in
“What Should You Be Alert To?”
Your second task is to apply the habits of safe backcountry
travel to the max-habits such as one at a time, don’t bunch
up, travel the edge not the center of slopes, don’t cross
beneath steep slopes, etc. You know the drill.
These tasks are your “due diligence,” and they will lessen
your uncertainty. But there is an unavoidable bottom line:
When deep-slab instabilities lurk the only way to stay safe is
to avoid steep slopes. This answer might sound like a “coveryour-you-know-what”-type response, especially when you
watch people rip turns on steep slopes, or listen to your
friends tell of their latest powder adventure. However, if you
tackle steep slopes with deep instabilities your safety does not
rely on skill, technique, or equipment; it relies on luck. Luck is
something we would prefer to rely on in the casinos and not
in the mountains. !
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INTEGRATING STRENGTH, ENERGY, AND STRUCTURE INTO STABILITY
DECISIONS
“So you dig a pit and then what?”

By Ian McCammon and Don Sharaf
from The Avalanche Review, 23/3

“You get in zee pit, you get zee information, you get out” – Peter Schaerer told one of us during a training course.
Along with his advice that you should never stop observing changes within the snowpack was the stern admonition
that snow pits should be focused, efficient, and QUICK.
For years, avalanche educators have taught students to dig snow pits to look at stratigraphy, identify snow crystals,
and perform stability tests. But correlating snow profiles with stability has never been an exact science, and many
students came away unsure of exactly how they were supposed to use snow stratigraphy in their stability decisions.
Moreover, many of them lacked clear objectives for their pit analysis and ended up wasting time collecting tedious
and semi-relevant information. The result fell far short of Peter Schaerer’s sage advice. Rather than training people
to make quick, informed decisions, we seemed to be creating an army of winter recreationists who could spend half
an hour or more in one snow pit, but couldn’t tell you how, why, or when they would use the information they found.
Two years ago, we began teaching a simple approach to interpreting snowpit results on upper level avalanche courses
and professional training seminars. Many students said the approach produced an “a-ha!” moment for them and they
were excited to learn a simple way to focus their efforts in their snow pits. In this article, we’ll describe our approach
and how we teach it, in hopes that others may find it useful in helping their students to make quick and informed
stability decisions.
A three-part model
The discipline of fracture mechanics tells us that three things need to happen in order to produce the large-scale shear
fracture that initiates a slab avalanche: 1) the fracture must begin at some point under the slab where the shear
strength of the weak layer is overcome by applied stresses, 2) the shear fracture must liberate enough energy from the
snowpack to sustain its own propagation, and 3) there must be a “path of least resistance” in the snowpack structure
along which the shear fracture can propagate.
These three components of strength, energy, and structure are a simplification of the complex interrelationships that
produce slab avalanches. But from a teaching standpoint, they provide an effective way of summarizing important
stability information that students can gather from a few simple field procedures.

Figure 2. A fracture mechanical model of slope stability.

Strength
The backbone of most Level 1 stability classes is the standard stress-strength model. This model says that a weak
layer will fail when you apply enough stress to it. An important implication of this model is that when stress and
strength are very nearly balanced, unstable conditions will exist and slabs may be easily triggered by the weight of a
skier or snowmachine. In this model, the role of stability tests is to assess whether stress and strength are in a critical
balance. If your stability test scores are low, the weak layer is in a critical state of balance. But if your stability scores
are consistently high, the weak layer is less likely to be triggered. Many students come away from avalanche courses
with a simple rule of thumb: low scores are bad, high scores are good. Thus it’s no surprise that some of them come
to base their go/no go decisions almost entirely on cursory avalanche observations and test scores from one or two
snow pits.
Research has shown that the stress-strength model works pretty well most of the time: high test scores generally do
correlate with stable conditions. But not always. A disturbing number of accidents occur during “false stable”
conditions, where tests indicated stability but avalanches were still triggered by a skier or rider. In these cases,
practitioners in the know say “Well, that’s spatial variability for you” and shake their heads in recognition of the
tough job they have chosen. But for decision makers who rely on stability tests the message is deeply troubling – the
stress-strength model is not the whole picture.
Energy
In 1998 , Ron Johnson and Karl Birkeland described a formal rating system for a phenomenon that field practitioners
had noticed over the years: when stability tests fractured with a clean and fast shear, triggered avalanches were more
likely. In 2001, Schweizer and Weisinger described a similar system used with rutschblock tests in Switzerland and
in 2002, van Herwijnen and Jamieson described a system of fracture character used in Canada Exactly what these
schemes are measuring remains unclear, but one trend stands out: fast and clean shears release their fracture energy
quickly, and are more frequently associated with unstable conditions. See Karl Birkeland’s article on stability, shear
quality, and fracture character in the previous issue of The Avalanche Review for more details.
Fracture mechanics tells us that the higher the fracture energy release rate, the greater potential the fracture has for
propagation. Shear quality and fracture character may only provide a very rough estimate of the fracture energy
release rate, but when used in conjunction with stability tests, shear quality seems to provide valuable information
regarding the likelihood of avalanche triggering.
Structure
Imagine two snow profiles. In one, an interface between light-density storm layers produces a moderate and clean
shear 30 cm from the surface. In the second, a layer of facets beneath a hard wind slab produces the same shear

quality and score at the same depth. Even though the two weak layers have the same strength and release their energy
at the same rate, few practitioners would treat the two snow packs the same.
Figure 3: Two profiles with similar strength and energy, but different structural properties
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In an effort to characterize some of the “red flags” that professionals use in comparing such profiles, McCammon and
Schweizer (2002) described five stratigraphic features of weak layers that statistically correlate with skier-triggered
avalanches.

Weak Layer Depth ≤ 1 m
Weak Layer Thickness ≤ 10 cm
Hardness Difference ≥ 1 step
Weak Layer Grain Type - Persistent (SH, DH, FC)
Grain Size Difference ≥ 1 mm

Table 1: Five Structural “Lemons”
. These features, referred to here as “lemons”, appear to be rough indicators of how well a snowpack might
concentrate shear stresses in a weak layer. The more lemons in a weak layer, the more structurally weak the
snowpack.. Schweizer et al. (2004) extended the initial concept, and refinement of the system continues.
Taken alone, strength, energy, and structure only do a fair job of predicting skier triggered avalanching. But fracture
mechanics tells us that when all three factors are present, shear fractures are more easily initiated and are more likely
to propagate large distances. Bruce Tremper uses the analogy of a combination lock; when all three tumblers of
strength, energy and structure fall into place on a particular slope, conditions are primed for avalanching. False stable
conditions exist when the tumblers of energy and structure are present, but strength tests indicate stability. Under
these conditions, wandering onto an isolated weak spot can cause localized fracture that can propagate into an
avalanche.

Teaching
The standard way that we approach teaching mechanics and stability assessment using strength, energy, and structure
typically goes like this:
The Test + Pit
In Snow Sense, Jill Fredston and Doug Fesler describe three questions
to ask when digging a test pit:
1) What is the weakest (significant) layer?
2) How much force does it take to make that weak layer fail?
3) What is the depth and distribution of that weak layer?
These are very good questions to help focus snow pit observations and
keep the observer from analyzing layers that are unimportant for an
immediate go or no go decision. A test + pit takes the three questions
and then asks you to get more structural information about the weak
layer. To answer the five lemon categories, you need this additional
information about the weak layer only. Obtaining this information
shouldn’t take more than a few minutes .
1) What is the hardness of the weak layer and the layer
immediately above it?
2) What is the grain size of the weak layer and the layer
immediately above it?
3) What is the grain type of the weak layer? Persistent?
4) What is the weak layer depth (answered before with the
previous questions)
5) What is the weak layer thickness?
Helpful hint: When teaching about the lemons we strongly encourage
the students to write down the lemons into the back of their field
books (along with the three objectives of a standard test pit).

1) Review the stress-strength model and
its limitations
2) Describe shear quality as a way of
quantifying elastic energy release
3) Introduce the lemons as a method of
analyzing snow structure
4) Incorporate the lemons into a quiz for
strength, energy, and structure

Strength

Energy

Putting it all together

Structure

Test result

A real-world quiz

strength energy

structure

RB7 Q3 L2

strong

low

strong
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weak

low

strong
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weak

high

weak

RB6 Q1 L4

strong

high

weak

5) Introduce the concept of the ‘Test +’ pit as an efficient way to analyze snow strength, energy and structure in
a snow pit
As always, information from a snowpit shouldn’t override class 1 information (natural avalanches, recent loading,
shooting cracks). However, we have found that when students look at snowpits within a larger mechanical
framework, their efforts are more focused, efficient, and productive. So get in those snowpits and then… get out!
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AVALANCHE HAZARD EVALUATION FIELD CHECKLIST
Doug Fesler & Jill Fredston

Alaska Mountain Safety Center, Inc.

An “accident’ is a happening that is not expected, foreseen, or intended, sometimes resulting from negligence, often
from ignorance, and typically resulting in injury, loss, or damage. Avalanche “accidents” are not a matter of
mischance; they happen for particular reasons. The interrelationship of four critical variables—terrain, weather,
snowpack and man—determines whether or not a potential avalanche hazard exists. Although these important
variables are frequently changing, these changes are often detectable. Not only can critical information be observed,
it can be measured, tested, evaluated and acted upon. The bottom line is that our route selection and hazard
evaluation decisions are only as good as the data we seek—the primary causes of avalanche accidents are attitude
and ignorance. Our attitude “filters” the data and warps it to our needs or desires. Our ignorance keeps us from
seeking the answers beforehand.
Warning: Using this checklist may save your life. Follow these simple steps: 1) Seek out critical data; 2) Evaluate
the potential level of hazard (red, green, yellow); 3) Add a level of caution for the “unknown” and 4) Continually reevaluate your situation without letting your attitude persuade you away from the facts.
CRITICAL DATA
PARAMETERS:

HAZARD LEVEL*
KEY INFORMATION

ACTION

G

Y

R

TERRAIN: Is the terrain capable of producing an avalanche?
Slope Angle (how steep? exposed?)
Slope Aspect (leeward, shadowed, or extremely sunny?)
Slope Configuration (smoothness, anchoring, shape effect?)
Overall Effect:

[]
[]
[]
[]

[]
[]
[]
[]

[]
[]
[]
[]

[]

[]

WEATHER: Has the weather been contributing to the instability?
Precipitation (added weight, stress?)
Wind (significant snow transport and deposition?)
Temperature (rapid/prolonged warming, weakening?)
Overall Effect:

[]
[]
[]
[]

[]
[]
[]
[]

[]
[]
[]
[]

[]

[]

SNOWPACK: Could the snow fail?
Slab Configuration (depth, distribution, and structure?)
Bonding Ability (nature and distribution of “tender” spots”
Sensitivity to Force (easy shears, clues to instability?)
Overall Effect:

[]
[]
[]
[]

[]
[]
[]
[]

[]
[]
[]
[]

[]

[]

HUMAN: Could you be a trigger or a victim, and are you prepared for the consequences?
Attitude toward life, risk, goals, data?)
[]
[]
[]
Technical Skill Level (high/low, so what?)
[]
[]
[]
Physical and Mental Ability (tired, weak, strong?)
[]
[]
[]
Appropriate Equipment (prepared for the worst?)
[]
[]
[]
Overall Effect:
[]
[]
[]

[]

[]

DECISION/ACTION: Do better alternatives exist?
Go/No Go: Why? (What assumptions are you making?)

[]

[]

[]

[]

[]

Go

No Go

* HAZARD LEVEL SYMBOLS: Think of data as being either red, green, or yellow lights. G=green light (go, OK)
Y= yellow light (caution, potentially dangerous), R= red light (Stop, Dangerous).
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