
1The Beacon Fall 2001

have made a huge sacrifice to the snow
gods this winter.  I have delayed the sub-
floor for my new house until fall, know-
ing this will cause early and copious
snowfall, especially on the days when I
am trying to glue on the deck.  I hope

this will make a lot of people very happy. 
“Well”, you may ask, “what is going to

happen this winter since you’ve made this
grand sacrifice?” I just happen to be privy to
some winter future casts; so briefly, here’s
what the experts at the Climate Prediction

Center (CPC) are thinking.  Sea surface
temperatures (SSTs) in the Pacific Ocean
are tending towards a weak to moderate El
Nino developing into early 2002.  El Nino is
a warming of the ocean waters off the west
coast of South America.  Some of the
warmest anomalies since El Nino of 1997-
98 are being reported at this time.  (See The
Beacon, Vol. 2, No. 1 for a more detailed
forecast of what a moderate El Nino can
bring, and  for the actual results).

El Ninos can foretell horrendous weather
events in various areas around the globe,
primarily it seems, off the coast of Peru.
Generally they do not have the same
impact here in Colorado. El Nino and La

Nina events do affect the position of the jet stream. For our
state El Ninos typically bring a persistent southwest flow that
favors the San Juan Mountains with better than average
snowfall, and it fuels our persistent summer monsoon rains.
Southwesterly winds are not that favorable for the rest of the
state, although Steamboat can do better than most other
northern mountain areas. The maps that I researched showed
a very wet spring statewide.  

The folks at CPC also feel that temperatures will be
warmer than normal, and that on the whole snowfall may be
near normal to just a bit below in the north and central
mountains, but we should still see some big storms mixed in.
This would be a dangerous pattern for avalanches, as extend-
ed periods between snowfall, especially early in the season,
spells depth hoar growth.  Then any large storm would bring
an overloaded snowpack and lots of avalanches, a dangerous
combination when lots of people are Jonesing for untracked
powder.  

Of course the problem with this forecast is that it was put
together in the summer, with winter just a distant thought for
most of us.  So if you see me out with a huge grin, in a
bumper crop of powder, I will likely take full credit for this
bonus.  Of course if I am found groveling through rocks with
a new pair of boards, I will deny any responsibility for the
current state of affairs.  

I
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Properties of Snow
Snow is a very interesting and com-

plex substance. It is comprised of ice,
water vapor, and sometimes water. Its
physical and mechanical properties
often show great variability over short
distances and from one day to the next.
There are two important reasons for this. 

First, snow in nature exists close to its
melting point (mostly in the range of -15
to 0°C), and this causes some interesting
behavior. Snow is a visco-elastic materi-
al. This means it can behave viscously —
more like a liquid than a solid, and does
so especially near 0°C by slowly settling,
densifying, creeping downhill, bending,
or showing other modes of deformation.
Or it can behave elastically—more like a
solid than a liquid—by holding its shape
rigidly under strain and storing strain
energy until it cracks under too much
strain.

The second cause of variation in the
snow cover and its properties is the
weather itself. The snow cover is easily
affected by wind, sun, and temperature
changes, so that the snow is different
from one slope to another, from one ele-
vation to another, and even from one
side of a tree to the other. These differ-
ences can be both in physical properties

such as depth, layering, density, and
grain type and bonding, and in mechan-
ical properties such as strength and ten-
dency for either viscous deformation or
elastic fracture.

Stress in the Snow Cover
Gravity is always pulling snow

downslope, causing it to deform and
putting it under stress. Most of the time,
however, the strength of the snow is
enough to prevent avalanches. For an
avalanche to release, stress must equal
(and thereby overwhelm) strength in a
layer of the snow cover. This happens
when stress increases or when strength
decreases. Increases in stress can be
obvious, such as prolonged snowfall and
blowing snow that add weight to the
snow cover, or can be subtle, such as the
downslope creep of a slab layer under
warming temperatures. Decreases in
strength can occur from metamorphism,
which can turn a buried layer of snow
into poorly-bonded faceted grains, or
from thaw, in which melt water dis-
solves the bonds that gives the snow-
pack its strength.

Ingredients of a Slab Avalanche
In the October, 1998 issue of Rock Talk,

an article titled
“An Avalanche
Primer” intro-
duced the four
ingredients of a
slab avalanche.
These are a slope,
slab, weak layer,
and trigger. Lets
look at these
ingredients in a
little more detail.

SLOPE:
Avalanche release
is closely correlated
to slope angle. Most
avalanches occur on
slopes of 30–45 degrees, because these
are the angles where the balance
between strength and stress is most criti-
cal. The graph on page 3 shows the per-
cent of avalanches releasing at different
slope angles (based on a sample of 200
avalanches): 47 percent release on slopes
of 35–40 degrees, 88 percent on 30–45
degrees, and 98 percent on 25-50
degrees.

SLAB: A slab is a cohesive layer of
snow that is under stress as gravity tries
to pull it downslope. Cohesion is key, for
that is the property that allows the snow
layer to act as a block and to store strain
energy as gravity tugs on it. The slab
becomes the stuff of the avalanche once
it releases. Without slab, all avalanches
would be cohesionless point releases-
mostly small and harmless avalanches, a
circumstance that would make the
Colorado Avalanche Information Center
unnecessary.

Slab snow can vary greatly in feel and
appearance. It can have a density less
than 100 kg/m3 (10 percent) and there-
fore be soft and fun to ski through, or it
can have a density greater than 400
kg/m3 (40 percent) and appear bullet-
proof, such that a ski edge barely cuts it.
Slab by itself is not a dangerous condi-
tion: it all depends on what is under-
neath.

WEAK LAYER: For a slab to be dan-
gerous, it must be sitting on a layer that
may not hold the slab in place; in other
words, a weak layer. Weak layers fail
either by shear (slippage), such as any
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“ p r o f e s s o r  f l a k e ’ s  c l a s s r o o m ”

Avalanche Formation 
and Release

Snow

Viscous deformation Elastic fracture

FORCEFORCE

When force is applied, snow may deform and stretch in a viscous 
manner, or it may act like a solid and fracture.

b y  K n o x  W i l l i a m s
This article first appeared in the Colorado Geological

Surveys newsletter Rock Talk in October 2000 
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slick snow surface, or even the ground,
that affords a poor bond to the slab layer
and allows it to slip downslope; or by
collapse, such as a layer of poorly-bond-
ed snow grains that cannot support the
weight of the slab. Once the weak layer
fails, the slab is only anchored by snow
bonds around its perimeter, especially at
the top and sides. Tensile stress becomes
critical at these points and often results
in tensile failure, fracture and avalanche
release.

Since slab is almost universally pre-
sent, avalanche forecasters look for
potential weak layers beneath the slab
that will lead to a dangerous combina-
tion. They do this by digging snow pits
(only in safe areas) and measuring the
density, hardness, shear strength, and
compressive strength of the various
snow layers. These data help determine
stability.

Weak layers have two origins: one,
they were once a surface snow layer,
such as a slick ice crust or a layer of
feathery surface hoar, that became
buried by the next storm’s snow; or two,
they form from metamorphism inside
the snow cover that gradually erodes the
strength of a layer, such as depth hoar.

TRIGGER: A trigger is the additional
load of new snow, falling cornice, ani-
mal, person, or explosive charge that
releases the avalanche. The trigger starts
a rapid domino effect: it tips the balance
of stress over strength, which causes the
weak layer to fail, which increases ten-
sile stress in the slab, which causes ten-
sile cracks to shoot through the slab,
which breaks all the anchors, which sets
the avalanche in motion.

The size of the trigger is intimately
related to avalanche stability. The more
unstable the snow, the smaller the trig-
ger required. Snow that is uncondition-
ally unstable requires no external trigger:
It avalanches from natural forces, and is
thus called a natural avalanche. Snow
that is conditionally unstable requires an
external trigger applied to a vulnerable
spot in the slab. Again, depending on
the degree of instability, a single person
may be an adequate trigger, while slight-
ly more stable snow might require a
snowmobile or five people skiing.
Avalanche control teams sometimes take
out all the guesswork by using very
large explosives (more than 10 kg of
TNT) to release avalanches on otherwise
strong slopes. Snow that is uncondition-
ally stable will resist even the largest of
triggers (except perhaps earthquakes)
and remain on the mountainside.

Slab Avalanche Release
Avalanches release when

the unstable snow cover—
comprised of a slab layer on
top of a weak layer—is
stressed to the point that it
can no longer hold itself in
place and it fails. This may
happen almost instanta-
neously, or it may happen in
a progressive failure of one
small area at a time, with
minutes to hours passing
before release. A tug-of-war
analogy is useful in under-
standing how this might
happen.

In unstable snow, stresses are
approaching the strength of the weakest
layers. Because of, say, load from new
snow or from a skier, the stress at a point
may become equal to the strength, and
the snow will fail at that point, meaning
that the strength goes to zero. It is as
though a member of your tug-of-war
team lets go of the rope. If the rest of
your team is strong enough, they can
hold the rope and they haven’t yet lost.
But if they are not strong enough, the
team will fail, either at once or in a chain
reaction of one member at a time. In the
snow cover, there may be enough over-
all strength to compensate for failure at
one point, and the avalanche will not
release—though there may be local
movement or collapse. But if the sur-
rounding snow is not strong enough, the
area of snow next to the initial failure
point fails, followed by another area,
and so on until a large enough area of
the slab has broken loose from its under-
pinnings. Tensile cracks then shoot
through the slab, releasing elastic energy,
which drives the cracks even further.
The result can be an avalanche that
releases a slab area a thousand or more
times larger than the original failure
area. Indeed, an unstable snowpack is
like a house of cards, in which a tiny fail-
ure leads to a great catastrophe.  
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This is going to be a big winter for the crew at the CAIC: I
can feel it in my bones.  We have had a staff meeting

every month this summer; it may be hard to imagine that
people are thinking about winter all year long, but it seems
to come with this position.  With so much new going on, it
is hard to find a place to begin, so I will list in chronological
order to keep from showing any favorites.  

First, the CAIC has changed its website address (see page
8), because of changes in the State system. Our website has
more than just a new address; there are some excellent
improvements you should take a look at.  

Secondly, we have installed a DSL line, which gives us
more Internet speed, for downloading files and sending you
our forecasts via e-mail. This also means a new e-mail
address (which was not assigned by press time). 

Third, an old avalanche hand, Denny Hogan, has been
hired to help a couple days a week with our forecasting in
Boulder.  Denny’s brief and understated bio appeared in The
Beacon, Vol.1, No. 3, back when he was our lead forecaster in 

Silverton.  I can’t tell you how happy we all are to have him
back with the CAIC.  He is a huge asset.  

Fourth, Andy Gleason, our lead CDOT forecaster in
Silverton, will be going for his doctorate in Geology at the
University of Wyoming for the  first part of the season (until
Christmas), and fifth, we have hired Aleph Johnston-Bloom
to fill Andy’s large yellow shoes until he gets back. 

Sixth, in late October three of our staff will go to Utah to
teach at the National Avalanche School, one of the largest
and most respected avalanche schools in the country. 

Seventh, on November 13th we will be having a gala
fundraising event in Denver, with lots of help from our
Friends.  This will be the first time we have ever tried some-
thing like this, and I know I will be very excited to check out
Lou Dawson’s slide show on the 10th Mountain Traverse.  

Of course we’ll be doing all of our usual things, such as
teaching classes, forecasting for the back country and high-
ways, and generally staying ahead of the storm.
Periodically we will be letting you know what’s up with us
and if El Nino is behaving as expected.  Hope you all have a
safe and enjoyable winter.

What’s New at the CAIC This Winter 
by Scott Toepfer 
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Snowflakes: An Historical Perspective
by Scott Toepfer 

Snow crystals, one of the world’s greatest wonders, form in
the atmosphere and provide endless enjoyment to winter

sports enthusiasts, artists and poets alike.  It can be hard to
imagine that something so delicate and fleeting can also
cause so much consternation and destruction.  In this column
we will explore the early history of snowflake research.   

First, some definitions.  Snow crystals are ice particles,
which form around freezing nuclei in the atmosphere.  A sin-
gle snow crystal is any single ice particle whose solid struc-
ture has a commonly oriented and orderly array of mole-
cules.  It may not show this orderly array in its external
skeleton though; in other words, it may not show up as the
perfect six-point stellar crystal that we see in pictures.  

Snowflakes are aggregates of snow crystals. They form as
snow crystals fall through a cloud and collide and attach to
other snow crystals.  One snowflake can consist of as many
as ten or more snow crystals.  When temperatures are very
cold, about -10ºC or colder, crystals generally do not clump

into snowflakes, although intricate dendritic (stellar) crystals
can attach to each other by their delicate branches, or arms.
These types of snow crystals and snowflakes make up the
best kind of snow for skiing, as they have the lowest water
content, or density (see The Beacon, Vol. 1, No. 3).

The definitive textbook on snow crystal formation, “Snow
Crystals: Natural and Artificial,” was written by Ukichiro
Nakaya in 1954. Nakaya was a professor at Hokkaido
University in Sapporo, Japan, and developed a means by
which he was able to artificially reproduce nearly every type
of snow crystal known.  This is a difficult book to find, but it
goes into great detail on snow crystal formation and the
weather phenomena that contribute to different crystal types.
Nakaya’s book also provides the interesting history of snow
crystal studies, as does and outstanding website
(www.its.caltech.edu/~atomic/snowcrystals).   

About 1550 the Archbishop of Uppsala, Olaus Magnus,
made the first sketches of snow crystals observed with the
naked eye.  These sketches are the first known that would
indicate man was studying snow crystals.  Johannes Kepler

continued on page six

Wrapping up another July 4th ski.  (photo: Scott Toepfer)



first pointed out that these crystals belong to the group of
hexagonal crystals, soon after Olaus Magnus made his
sketches.  In 1635 Descartes published in Amsterdam what
are believed to be the first scientific sketches of snow crystals.
A relatively rare type of crystal appears in this first paper, the
capped column.  This is a hexagonal crystal with a six-sided
plate crystal capping each end of the column.  It wasn’t until
the invention of the microscope in the latter half of the  17th
century that snow crystal research really took off.  Robert
Hooke, the famous discoverer of plant cells, observed and
corrected some earlier misconceptions about snow crystals
through this new microscope.  

Soon after, a German traveler by the name of Friedrich
Martens sailed from Spitzbergen to Greenland, and while in
the arctic regions he wrote about the snow crystals he
observed.  Some of his focus was on weather conditions and
the type of snow crystals that formed.  This was the first writ-
ten discussion on this relationship, something we will visit in
a future Beacon newsletter.  

Around this time several people began to classify different
types of crystals.  William Scoresby, a whaler from England,
first started to classify snow crystals, many of which were
fairly obscure.  In 1832 a Japanese feudal lord made some of
the most accurate sketches of snow crystals ever produced.
They would for the most part be unequaled until the advent
of photomicrography.  

Once scientists were able to photograph snow crystals, the
present general classification of three snow crystal types was
formulated.  These three classifications are planar, columnar,
and a combination of the two.  Basically, these three classifi-
cations are based on the growth pattern in two axes.  We will
talk about this in a later column as well. 

From 1885 to 1931 a gentleman by the name of Wilson
Bentley of Jericho, Vermont, photographed snow crystals.
During his lifetime he accumulated at least 6,000 pho-
tographs.  In 1931 McGraw-Hill published his book “Snow
Crystals” with some of these photographs.  It is now out of
print, but this incredible collection boggles the mind with the
many intricate and bizarre forms that snow crystals can take.
You may have heard it said that no two snow crystals are
alike. The simple answer to this theory has always been … no
two snow crystals are alike.  The more complex answer
involves the extremely difficult task of photographing and
chemically analyzing all the snow crystals that fall on the
earth in just one year.  Some estimates say that 1024 snow
crystals fall per year on the earth.  That may not seem like
much, that is until you write out 10 with 24 zeros following.
In future columns of “Professor Flake” we will explore this
more complex answer in more detail as well as some of the
weather factors associated with different crystal formation.
Stay tuned.   

Q: What is graupel? 
A: Graupel is the name for snow pellets that form inside
clouds when supercooled water droplets collide with, and
spontaneously freeze to, snow crystals. (Note: Water droplets
can be cooled well below the freezing temperature and will
not freeze until they strike a solid object, thus the term super-
cooled. This process is called riming.) Graupel pellets are
white, opaque ice particles that vary from pinhead to BB in
size. Graupel usually forms in convective clouds, because the
up- and down-drafts cause more collisions between droplets
and ice particles. In the snowpack, graupel can sometimes
form a weak layer that acts literally like ball bearings. 

—Knox Williams

Q: I have noticed that sometimes the CAIC issues a high or
considerable danger rating and states that extra caution
should be used on slopes steeper than 30 degrees. But at
other times you say the danger is higher on slopes steeper
than 35 degrees and extra caution should be used there. Why
the difference?
A: Slope angle is a critical ingredient of slab avalanches. 95%
of all avalanches release on slopes steeper than 30 degrees,
and 73% on slopes steeper than 35 degrees. Especially after a
period of high danger (for example, when the overall danger
has decreased from high to considerable), the stress relaxes
much more quickly on shallower slopes than on steeper
slopes. The number of avalanches on medium-steep slopes
(30-35 degrees) decreases dramatically while slopes steeper
than 35 degrees are still producing human-triggered
avalanches. During these circumstances, we feel comfortable
in lowering the danger to, say, moderate on slopes of 30-35
degrees, while keeping it at considerable on steeper slopes. 

—Knox Williams

Snowflakes
continued from page five
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On the evening of November 13th the CAIC will host
a fundraiser in Denver.  Some of the details have yet to
be worked out, but Lou Dawson, who has done some
extraordinary skiing in his lifetime and has written 
several books on his experiences, will be our special
guest.  Lou will give a unique slide show on the
“Trooper Traverse”, a ski training route used by our
10th Mountain Division Troops during World War II.
This route goes from Camp Hale, near Leadville, to
Aspen.  We will also have a silent auction with lots of
great stuff up for bid.  We already have original water
color paintings, season passes, spa packages, and hut
nights on the block.  Emily Curray is heading up this 
big show, and has a commitment from Josephina’s
Restaurant in Denver to host this event.  It will be our
first step in this area and we are all very excited to get
together with our supporters and share an evening of
stories and mirth with our friends.  Stay tuned for more
details. 

$$ Fundraiser $$

You’ve got questions?
We’ve got answers.

&QA



Renewal Notice (or recruit a Friend)
Yes, I will join the Friends of the Avalanche Center. Enclosed is my donation of:

$30*, which gives me a CAIC window decal (if I am a new Friend), The Beacon newsletter, the Avalanche Wise
booklet, and a morning forecast by e-mail.
$45*, which gives me all the stuff above, plus an afternoon forecast sent by e-mail.
Please accept my additional donation of $________*
I’m a renewing member.
I’m a new member. Please send a CAIC decal.

*Your donation is tax deductible and your canceled check is your receipt.
Name ___________________________________________________________________________________________________________________________

Address__________________________________________________________________________________________________________________________

________________________________________________________________________________________________________________________________

e-mail_______________________________________________________________ Phone # ____________________________________________________

Please mail this form & your check payable to “CAIC” to: Colorado Avalanche Information Center • 325 Broadway, WS1 • Boulder, CO 80305

Summer skiing, does it get much better than this?  (photo: Scott Toepfer)



Colorado Avalanche Information Center
325 Broadway, WS1
Boulder, CO 80305
(A part of the Colorado Geological Survey)

Friends of the CAIC
325 Broadway WS1, Boulder, CO 80305
phone: 303-499-9650
fax: 303-499-9618
e-mail: caic@rmi.net
website: (Note: NEW ADDRESS) 
http://www.geosurvey.state.co.us/avalanche
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STATE OF COLORADO

Bill Owens, Governor

DEPARTMENT OF NATURAL RESOURCES

Greg E. Walcher, Executive Director

DIVISION OF MINERALS AND GEOLOGY

Mike Long, Director

COLORADO GEOLOGICAL SURVEY

Vicki Cowart, State Geologist and Director

COLORADO AVALANCHE INFORMATION

CENTER

Knox Williams, Director

MISSION: The Colorado Avalanche Information Center
promotes safety by reducing the impact of avalanches
on recreation, industry, and transportation in the state
through a program of forecasting and education.

Staff:
Knox Williams—Director
Nick Logan—Associate Director
Dale Atkins—Forecaster, Web Master
Scott Toepfer—Forecaster, The Beacon Editor
Lee Metzger—Forecaster, Ike Tunnel
Stu Schaefer—Forecaster, Ike Tunnel
Mark Mueller—Forecaster, Pagosa Springs
Andy Gleason—Forecaster, Silverton
Jerry Roberts—Forecaster, Silverton
Aleph Johnston-Bloom—Forecaster, Silverton
Rob Hunker—Forecaster, Carbondale
Halsted Morris—Avalanche Educator
Denny Hogan—Avalanche Educator

Durango.............................970-247-8187
Summit County ..................970-668-0600
Denver ...............................303-275-5360
Fort Collins .........................970-482-0457
Colorado Springs ................719-520-0020
USFS-Aspen........................970-920-1664
USFS-Minturn.....................970-827-5687

A Special Note to Our Friends

The terrible events of September 11, 2001, have taken an emotional
toll on the staff of the CAIC, as it has on all Americans. We suspect,
though, that some Friends of the CAIC may have been closely and
tragically touched by this senseless act, through the loss of relatives
or friends. We wish to extend our deepest sympathy to the families
and friends of all who died or were seriously injured in this atrocity.

The mission of the CAIC pales with the enormity of this terrorist
act (and possibly related events occurring after The Beacon went to
press), but as we go forward, the staff of the CAIC will continue to
perform its small job of avalanche safety amidst the swirl of much
larger world events.

—Knox Williams


