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The Weight of Evidence 
The important job of gathering and interpreting snowpack information includes evalu-
ating the weight of each bit of information (type, craftsmanship, accuracy, timing, rele-
vancy, and verification) as it is applied to snowpack instability and avalanche hazard. 
Experienced practitioners are aware of the variability of the terrain and snowpack and 
the challenges extrapolating and interpolating snowpack observations. The following 
checklist helps to ensure quality and relevancy of information: 

 
 
 
 
 
 
 

Outside of current avalanching and red flag observa-
tions, experienced observers tend to steer away from 
drawing conclusions from a few snowpack observa-
tions. They recognize that commonly, error occurs 
during the extrapolation process. Inexperience ob-
servers, when prioritizing information, may gravitate 
towards a loud note in the score (such as a compel-
ling snowpack test result) giving, perhaps, too much 
relevance to specific test results. In addition there are 
times when the above criteria can’t be applied (poor 
weather prevents access to good sites), or hasn’t 
been applied  (few observations) yet assumptions are 
made and conclusions derived. The process of obser-
vation and understanding isn’t complete. As Bruce 
Jamieson, the ASARC researcher has stated during a 
CAA course lecture on spatial variability of the moun-
tain snowpack,  “…inaccurate assumptions can have 
serious consequences”. Decisions made from a defi-
cit or even partial deficiency of information (required 
to understand the problem, it’s probable consequence 
or likelihood) should be considered “uncertain” (ISO 
31000)—at least until placed in context against the 
criteria discussed in the above checkbox.  Meanwhile, 
as the degree of uncertainty increases so does the 
margin of safety employed in the terrain. 
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• Are the tests appropriate and suited to current avalanche characteristics? 
• How representative is the site (relating to the distribution/variability of the 

layer(s) of interest, and the extent of the avalanche problem)? 
• How skilled is the observer (craftsmanship and accuracy)? 
• Whether the information is verified with complementary tests? 
• Importantly, whether observer has experience extrapolating information from 

that specific site to the nearby avalanche problem? 
• Whether the observation has been confirmed by nearby operations/experts? 
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 Craftsmanship (con’t) 

 
 The Issue of Consistency  

“Jeez. The weather and snowpack vary enough; can’t we all just do the same damn observations the same damn 
way?” 

Technical consistency between observers, and day-to-day consistency from each observer helps to reduce the quality of 
info produced and communicated amongst the team. Practice, technique, and a meticulous day-to-day consistency with 
observations, recording and communication should never be undervalued nor should the scope of the task be 
underestimated.  

Each snowpack test requires an objective. Know what you’re looking for and why prior to initiating the observation. 
Experience, and an ability to visualize how the snow lies over the terrain, is required for relevant site selection for 

field test sites.   
Tests are skillfully conducted using standardized, practiced techniques. Observers use established guidelines when 

conducting, recording, and communicating weather, snowpack and avalanche observations. (Snow, Weather, 
and Avalanches: Observation Guidelines For Avalanche Programs in the US. American Avalanche Association, 
2010; Observation Guidelines and Recording Standards For Weather, Snowpack and Avalanches. Prepared by 
the Canadian Avalanche Association. Dec 2007)  

 
The Application and Limitation of Snowpack Field Tests  
To students it must be stressed that standard snowpack observations are small parts of a very large and complex 
puzzle. As illustrated above, results from these tests are seldom conclusive and often require interpretation. The tests 
and their results should not be used alone as an indication that a slope or conditions are safe. One repeatable test is one 
observation and interpreted in combination with other information as part of the process of risk evaluation and risk 
reduction. One of the most useful tools to help students is the AIARE Avalanches and Observations Reference. Inspired 
by Bruce Jamieson’s article “Which Obs for Which Avalanche Type?” (ISSW 2010) in which Bruce emphasizes that early 
on in the terrain selection process smart backcountry travelers identify which avalanche problem is evident. He went on 
to complete a field study that underlined the set of observations that are best suited for each avalanche concern. The 
AIARE Avalanches and Observation Reference helps students identify a set of field observations that may best match 
the avalanche problem as identified in the bulletin. Proper application combined with an understanding of the limitation of 
each test sets the observer off on the right approach: the right test, for the right conditions, in the right place, completed 
at the right time (and by the right person!).  
 

The table excerpt below shows how the most important tests and observations that do not include profiles to identify the 
two avalanche issues.  

“The 
Problem” 

Critical / Red Flag 
Observations 

Field Tests & 
Relevant Observations 

Important Considerations 

Storm 

Slab 

Natural avalanches in steep 
terrain with little or no wind. 
≥12” (30cm) snowfall in last 24 

hrs or less with warmer heavier 
snow. 
Poor bond to old snow: slab 

cracks or avalanches under a 
rider’s weight. 
  

Observe storm snow depth, accumulation 
rate & water equivalent. 
Observe settlement trend: settlement 

cones, boot/ski pen, measured change in 
storm snow (>25% in 24 hrs is rapid). 
Tests show poor bond w underlying layer 

(Tilt and ski tests). ID weak layer charac-
ter. 
Denser storm snow over less dense snow 

(boot/ski penetration, hand hardness). 

Rapid settlement may strengthen the snowpack, or 
form a slab over weak snow. 
When storm slabs exist in sheltered areas, wind slabs 

may be also present in exposed terrain. 
May strengthen and stabilize in hours or days de-

pending on weak layer character. 
Potential for slab fracturing across terrain can be 

underestimated. 

Wind Slab 

Recent slab avalanches below 
ridge top and/or on cross-
loaded features. 
Blowing snow at ridgetop com-

bined with significant snow 
available for transport. 
Blowing snow combined with 

snowfall: deposition zones may 
accumulate 3-5x more than 
sheltered areas. 

Evidence of wind-transported snow (drifts, 
plumes, cornice growth, variable snow 
surface penetration with cracking). 
Evidence of recent wind (dense surface 

snow or crust, snow blown off trees). 
≥ Moderate wind speeds observed for 

significant duration  (reports, weather sta-
tions and field observations). 

Often, it is hard to determine where the slab lies and 
how unstable and dangerous the situation remains. 
Slope-specific observations, including watching wind 

slabs form, are often the best tool. 
Strong winds may result in deposition lower on 

slopes. 
Commonly trigged from thin areas (edges) of slab. 
Wind transport and subsequent avalanching can 

occur days after the last snowfall. 

READ MORE ∆ 
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Foot (PF) and Ski Penetration (PS) 
While imprecise in terms of numerical value, ski and foot penetration are, like a set of eyes, an everyday tool. A few ex-
amples: 

Ski pen “feels” how the surface changes over the terrain including forming surface hoar, surface faceting, thin crusts, 
moist surface layers and wind slabs/redistribution. This is a valuable tool for many particularly the heliski guide 
whose mobility permits rapid observation over a tremendous range of elevation and aspect. Once the old sur-
face becomes a buried layer the earlier observation of the old surface’s distribution is invaluable.  

A change in foot penetration is often the first indicator of settlement. For example, foot pen though low-density storm 
snow (into old snow below the depth of the buried weak layer) indicates no slab formation. Loose snow ava-
lanching would be the primary concern.  A day later, the observation indicates the foot pen stops well above the 
weak layer indicating the HST is settling into a slab (over the weak layer). This may be an early warning sign that 
skier triggering is possible.  

In a shallow early season continental snowpack when the strengthening mid pack begins to support ski penetration 
and subsequently foot penetration, there may be (given coverage of ground roughness) enough mass and stiff-
ness to slab avalanche over basal weak layer.  

Rather than simply recording penetration to the nearest 5cm observers must find a way to make use of the observation 
and record. Note settlement trends, % change, and when structural snowpack changes are observed. 
 
Probing (and ski pole test), “Hand shear” tests, Shovel tilt tests  
Often termed “quick” tests, these are specific field observations useful to observe and record the distribution of near sur-
face weak layers, crusts, wind effect, and seasonal variation in snow cover.  

Limitations include not being “standard” tests with common methods, descriptors and until recently had little suppor-
tive field study (see Which Obs For Which Avalanche Type, Jameson, Schweitzer, Statham, HaeglI,  ISSW 
2010). 

“Kick tests, jumping above tracks or on unsupported snow mushrooms, hand shear tests and shovel tilt tests are 
helpful for observing structural properties of the HST and observing the HST/old snow interface. 

Probing is useful during periods of good stability to observe the distribution of the seasonal snow cover. 
Layer characteristics observed are usually “not exact” or limited to a few snowpack characteristics (example, depth 

of a SH layer and stiffness of soft slab above). These types of tests provide information that is a supplement to 
observer’s memory but is hard to record on a form and communicate for use to other observers or forecasters.  

Recent studies suggest that field observations rather than snowpack tests are the most reliable indicators for non-
persistent avalanche types. Comparatively test profiles and small and large column tests may be the best tool when ob-
serving the layer characteristics of persistent slab avalanche types (from Jamieson, Harvey, Schweitzer et al). As com-
pared to the insert above the AIARE Avalanches and Observations insert below illustrates how profiles and field tests 
help observers better identify the persistent and deep slab types.  
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Craftsmanship (con’t) 

Persistent 
Slab 

Bulletins/experts warn of per-
sistent weak layer (surface 
hoar, facet/crust, depth hoar). 
Cracking, whumping. 

  
  
  
  
  
Remotely triggered slabs. 
Recent and possibly large 

isolated avalanches observed 
with deep, clean crown face. 

Profiles reveal a slab over a persistent 
weak layer. 
Use multiple tests that will verify the 

location of this condition in terrain. 
Small column tests (CT, DT) indicate 

sudden (Q1) results; large column tests 
(ECT, PST, RB) show tendency for 
propagating cracks. 

Instability may be localized to specific slopes (often 
more common on cooler N and NE aspect) and hard 
to forecast. 
Despite no natural occurrences, slopes may trigger 

with small loads - more likely when the weak layer is 
8-36” deep (20-85cm). 
Human triggered avalanches are still possible long 

after the slab was formed. 

Deep Slab 

Profiles indicate a well preserved but 
deep (≥1m), persistent weak layer. 
Column tests may not indicate propagat-

ing cracks; DT and PST can provide 
more consistent results. 
Heavy loads (cornice drop or explosives 

test) may be needed to release the slope 
- large and destructive avalanches result. 

May be aspect/elevation specific - very important to 
track weak layer over terrain. 
Slight changes, including mod. snowfall, and warming 

can re-activate deeper layers. 
May be dangerous after nearby activity has ceased. 
Tests with no results are not conclusive. 
May be remotely triggered from shallower, weaker 

areas. 
Difficult to forecast and to manage terrain choices. 

READ MORE ∆ 
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Craftsmanship (con’t) 

Full Profile, Test Profile, and Fracture Line (Crown) Profile 
These tests are useful for observing and testing structural properties of the snowpack.  

Full profiles observe changes in the snowpack over time. While conclusions relating to the avalanche problem may 
not be immediately apparent in a study plot full profile a better understanding of the long-term influence of terrain 
shape, elevation, wind, and radiation is derived from a comparison of study plot profiles to site specific test pro-
files.  

Profiles allow the observer to visually inspect the layering of the snowpack. Using a clean profile wall the eye may 
see layers (especially a weak layer protected by a stiffer lens) that you can’t feel with ski or foot penetration or 
probing; and may illustrate deeper layers not obvious to the “quicker” tests. 

The snow profile checklist is a good indicator of likelihood of initiation and a valuable tool to prioritize between multi-
ple weak layers/layer interfaces. 

Observe the characteristics of both the slab and the weak layer. 
Thin, persistent, weak layers may be hard to find using standard test profile observation techniques.  
Profiles are time-consuming and at times difficult to complete during a busy operational or recreational day.  

Compression Tests, Shovel Shear Tests, Deep Tap Tests 
The Compression test combined with fracture character is helpful for identifying thin, hard-to-observe persistent 

weak layers (Birkeland, Johnson ’99). Observed sudden fractures (Q1) have been associated with the frequency 
of skier triggering in field studies (Van Herwijnen, Jamieson 2002).   Sudden fractures indicate a persistent grain 
form (surface hoar, depth hoar or facets). Sudden collapse (also Q1) may be associated with observed 
“whumping” and a thicker layer of persistent grain types, and may indicate a possibility of  “remote” skier trigger-
ing of the layer (Jamieson). Recording compression tests with fracture character manages slope scale variability 
better than recording only the number of taps.  

Good techniques with all small column tests are important. Poor techniques (such as rough walls or inadequate col-
umn clearance) may result in “missed” or misidentified fracture character. Example: a sudden fracture—Q1—
being observed as a resistant fracture—Q2.   
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There is an increasing likelihood that fractures may not indicate as the weak layer is located deeper than 80cm; 

thought the CT can indicate up to 120cm deep. Each tap penetrating into the snowpack is affected by mid pack 
crusts and stiffer (hard slab) mid pack conditions. Therefore the Deep Tap Test can be employed to observe 
weak layers located deeper or in snowpack conditions that would be problematic for a CT. Fracture character 
can also be observed in a deep tap test.  

Shovel shear tests are useful observing layer changes over time in a study plot.  The observer can utilize a similar 
block size as the layer depth increases over time and the overburden or “load’ increases. Progressive com-
pression (Q2) fractures (often a DF layer) are impractical to observe using a shovel shear test. Sudden col-
lapse (Q1-“drops”) may be harder to accurately observe using the shovel shear test. 

Propagation Saw Test, Extended Column Test, Rutschblock Test 
These “large column tests” may be useful for observing the propensity for fracture propagation (Jamieson, Gauthier. 
Simonhoise, Birkeland). As a consequence, the large column test is used to add to layer character and likelihood of 
initiation related information gathered from CT and DT tests. The suggestion is that a column around 1 m in length 
(Gauthier, Jamieson, Ross) can give an idea of whether propagation will continue once the fracture has initiated in the 
weak layer (free propagating cracks). 

Field studies suggests the ECT is most valuable for observing weak layers in the depth range from 27cm to 70cm 
thick (Cameron Ross, ISSW 2008) though still useful in certain snow conditions to depths of approximately 1m 
(Simonhois,Birkeland ‘09).  Within it’s range of usefulness studies suggest the ECT provides a consistent re-
sult (balancing false stable or unstable indications). 

Propagation saw test is useful to indicate propensity for propagation. Research suggests the PST may be able to 
test instabilities located at a deeper depth (Ross, Jamieson), or under a stiffer midpack (Gauthier) than can be 
tested using a CT or ECT. The Propagation Saw Test may indicate inaccurate results in thin soft slab condi-
tions (ie wind slabs ≤40cm depth) 

Whole block release types in Rutschblock tests--  are comparable to sudden (Q1) sudden fracture character in 
small column tests.  RB results that reveal “whole block” release types are more likely to indicate a tendency 
for propagating cracks (unstable conditions) than partial block release types.  Also consider that the RB is larg-
est sample size of most tests (2m x1.5m).  

Large column tests are time consuming and may require a large saw (or two persons and a RB cord with metal 
swages) to cut through stiffer mid pack layers. The RB may require two persons to accurately observe release 
type. The RB has a similar snowpack depth range to a compression test.  

  
Ski And Explosive Tests 
These tests can illustrate the extent of fracture propagation across the slope and the magnitude of avalanche release.  

Explosive tests importantly provide information about the terrain that is likely to produce avalanches. Slope tests 
can provide useful information about sensitivity to triggering, extent of propagating fractures, and magnitude of 
avalanche release.  

Results may be “less artificial” in comparison to isolated column and in theory provides a test that applies a force 
on an intact slab over undisturbed layers. 

Explosives tests are one of the few reliable tests for a deep persistent weak layer—or a weak layer protected by 
stiff layers that may give false stable indication in column tests.  

May trigger slopes from weak snow areas.  
Allow triggering from safe location but require expertise and certification.   
Air blasts effect a larger slope area but can be complex to deploy.  
Small explosive charges (<1kg) deployed into deep low density storm snow may not have the desired effect.  
Ski triggering is can affect a larger area of the start zone than single explosive tests; but can be very hazardous. 

Slopes may not slide from a single explosive test but may slide during a subsequent ski test.  
Explosive or ski tests that produce “no results” can be difficult to interpret.  
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Craftsmanship (con’t) 
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Managing The Possibility of False (stable or unstable) Indications in Tests  
Snowpack tests provide a good source of information of snowpack layering, fracture initiation and propensity for propa-
gation in the absence of obvious signs of instability (cracking, whumping and avalanches). Experience with the tests and 
quality craftsmanship should enable to forecaster to gain information on a stable and unstable snowpack similarly. The 
six bullet points outlined in the first paragraph “The Weight of Evidence”, provide a functioning checklist to ensure the 
data is accurate, relevant and verified.  
As stated, understanding and assessing where we are getting our information from is a crucial link between gathering 
information and applying it to a hazard analysis. This is at least partially because it is often not possible or practical to go 
to truly representative sites and it is notoriously difficult to critically assess observation sites when one is unsure of start 
zone or trigger point characteristics.  Understanding the snowpack /terrain helps to locate sample sites. Knowing where 
the terrain tends to form strong and weaker snow given the seasonal snowpack development is important. While persis-
tent weak layers tend to have a broader distribution, sun or wind effect can localize the weak layer.  DF layers tend to be 
unstable locally. Expect a higher incident of false stable test results when observing locally unstable layers like DF’s, 
graupel or early season sun crust interfaces.  
How one interprets each test result is crucial when applying the information to the overall picture of slope stability.  For 
example, the snow profile checklist (AKA “yellow flags”, “lemons”) provides important clues as to which layer is most 
likely to result in failure initiation given a trigger; but has a tendency to overestimate instability (false unstable=false 
alarm) determining whether fracture propagation will occur (Winkler & Schweitzer, ISSW 2008). The large column snow-
pack tests that employ taps or jumps to apply a load to the slab (ECT, RB) tend toward false stable results where the 
weak layer is deeper than 80cm (depending on snowpack characteristics). The illustration left (Salm, Fohn, Schweizder, 

Camponovo) shows that an 80kg theoretical load on the snowpack has less 
than ¼ of its effect at 80cm depth. Yet, slabs are commonly ski triggered, 
and remotely triggered,  on persistent weak layers at that depth or in the 
terrain from nearby shallower or weaker area.  
The Schweitzer, Jamieson article Snowpack Tests For Assessing Snow-
Slope Instability (Annals of Glaciology 2010) provides an excellent perspec-
tive on snowpack test use and limitation. The following points have been 
paraphrased from the article:  
A good test method should predict stable and unstable scenarios equally 
well. 
Column tests are particularly helpful for assessing persistent slab conditions. 
Small column tests (CT and DTT) are useful for identifying weak layers and 
likelihood of initiation but have a tendency to overestimate instability (false 
unstable) conditions. Observing fracture character improves to a degree the 
interpretation of the test results. These tests are a better indicator of layer 
character than instability.  

Large column tests are better at predicting propensity for fracture propagation than small column tests; particularly when 
used in combination with other large column tests. Comparative studies suggest that the RB, ECT, and PST have 
comparable accuracy. 

With large column tests, repeated test results in the same location are useful but the tests repeated on similar, nearby 
slopes has more value. 

Each tests has a margin of error. In addition, even with very experienced observers an error rate of 5-10% is to be ex-
pected. Site selection and interpretation require experience.  

The bottom line is snowpack tests used to predict instability are not foolproof. As Schweitzer/Jamieson state (obviously 
but importantly) in the aforementioned article, “decisions about traveling in terrain should not be based solely on stability 
(snowpack) test results” 
Thanks to:  
Cam Campbell, CAA Level 2 M3 Lecture, Testing for Initiation and Propagation Propensity, 2008. Gauthier, Ross, Jamieson, How To: The Propagation 
Saw Test, Oct. 2008. B. Jamieson, Risk Management For The Spatial Variable Snowpack, 2003; Which Obs For Which Avalanche Type, ISSW 2010. 
B. Jamieson, Mountain Snowpack and Spatial Variability lectures; CAA Level 2 Mod 1 course, 2009. J. Schweitzer, B. Jamieson, Snowpack Tests for 
Assessing Snow-Slope Instability, Annuls of Glaciology, 2010. K. Klassen, AIARE Level 2 student manual version 2002. Cameron Ross (Gauthier, 
Jamieson), Fracture Propagation Tests, ISSW 2008. Simonhoise, Birkland, An update on the Extended Column Test, 2007 
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