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Chapter 2:  Making Quality Observations 

 

________________________________________________________________________________

2.1 Snowpack Data Classes and Instability Factors 

 

Learning Outcomes 

x List the three data classes as described by The Avalanche Handbook. 
x Prioritize observations based upon these three classes. 
x Use the Avalanche and Observation Reference to identify red flag values or thresholds for each 

observation. 
 

A large amount of data from a variety of sources is required to assess snow instability.  The Avalanche Handbook 
divides the observations and information into three data classes.  The following discussion points may help with 
the AHB definitions. 

 
Instability Factors (Class 1) 

Class 1 includes factors that provide direct evidence that the snow is actually unstable and avalanches are likely 
to occur:  

x Current avalanche activity on adjacent slopes. 
x Shooting cracks, whumphing.   
x Positive, verified tests that illustrate propensity for fracture propagation (RB with whole block 

release type; PST or ECT positive test results). 
x Compression tests on representative sites combined with sudden fracture character or Q1 shear 

quality. 
x Class 1 data is the most pertinent and relatively easy to interpret, requiring less training or 

experience (i.e. avalanche observations).  Representative snowpack data is always interpretive 
and most often falls into Class 2 data.  Current avalanche observations may be difficult to acquire 
because one must be in the field at a time and location where avalanches are occurring.  
Observations must be made before evidence is obscured and is still relevant.  Distant 
observations in poor weather may be hard to qualify and verify. 

 
Snowpack Factors (Class 2)  

Snowpack observations (within the snow cover) provide information about “presence, strength and loading of 
weak layers” (AHB).  In other words, Class 2 data provides information about snowpack characteristics and 
requires interpretation to understand the relationship to instability (observations include: full and test profiles, 
small and large column tests, etc.).  Experience with extrapolation and relevancy of observations across the 
terrain is important to the usefulness of Class 2 data.  

 
Meteorological Factors (Class 3)  

These factors influence the snowpack and therefore affect snow stability.  They include weather and snow surface 
observations that do not provide direct evidence of instability.  Interpretation and extrapolation are required to 
determine what the effect on snow stability is or may be.  Obviously when precipitation (rain or snowfall) amounts 
exceed critical values (example, >3 cm/hr for 10 hrs), there is less interpretation and more observation of 
instability (avalanches) and Class 3 become Class 1 data. 
 
Observations are primarily formal and may take place continuously (automated weather stations with data 
loggers), at scheduled intervals (manual daily/twice daily weather plot observations), and/or selectively (field 
weather observations).  Observations are made at established sites (weather stations or plots) or at targeted 
locations (field weather).  
 
The information is often applicable to entire regions or mountain ranges.  These observations are mostly 
numerical.  Experienced analysts/forecasters who work on a large, regional scale such as forecasting for an entire 
mountain range (synoptic-scale analysis and forecasting) rely heavily on wx data.  This data is easy to obtain.  
However, it can be the least pertinent in terms of stability.  To assess its effect on stability requires extrapolation 
on the part of the analyst/forecaster and to do this effectively requires a great deal of experience. 
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Discussion 

The descriptions and discussions of data classes are based on conventional thinking and may not reflect how 
practitioners actually work in the field.  In reality, forecasters who work on a regional scale (for example, 
avalanche danger bulletins) can and do use Class 1 and 2 data although they may not have obtained that data 
firsthand.  Similarly, range-scale forecasters (for example, avalanche control programs) use Class 1 and 3 data.  
Slope-scale forecasting (deciding whether to ski a specific slope or not) should obviously rely on Class 2 and 3 
data as well as local avalanche observations.  It is important to recognize that the line between the classes, 
applicability, usability, and pros/cons is not always simple or clear.  Some data might fit into more than one class 
depending on how one thinks and how directly pertinent it is.  This discussion is not intended to “pigeon-hole” the 
data or to limit forecasters, but to provide a general overview of the data classes, their applicability to a variety of 
forecasting situations, and how other literature (for example, the Avalanche Handbook) approaches this concept. 

 
In the AIARE 1 Course, field observations in the information categories of avalanches, snowpack, and 
weather activity are linked to individual avalanche concerns using the Avalanches and Observations 
Reference table.  The student is asked to record the concern as outlined in the bulletin, identify the clues 
observable in the field given the problem, and once in the field “observe” to confirm and identify the primary 
issues for each day.  The clues are prioritized into Critical/Red Flag Observations, Field Tests and Relevant 
Observations and Important Considerations for each avalanche type and associated problem.  For the AIARE 2 
student, The Avalanche Handbook offers a more complete look at the three data classes and observations that 
affect or influence snow instability and instability trends.  The Avalanches and Observations Reference table is 
located near the front of the AIARE Field Book and in this workbook in section 3.1, p. 74. 

 
The idea of data classes, information categories, observations, and red flags is not new or unique.  Practically all 
decision makers who have an instability analysis process use a formal checklist for daily analysis.  The 
information presented here is organized in a checklist form to help when analyzing instability.  The PM Avalanche 
Hazard and Risk Assessment form (section 3.3, p. 84) is one way to organize the information, help remember it, 
and make sure the right questions get asked before coming to a conclusion about snow instability. 
 
Weather and snowpack data lend themselves relatively well to this organizational system; avalanche activity data 
does not.  This system is not inflexible nor is it an infallible set of rules that govern instability.  Nor is it a “plug and 
chug” formula that can be used to assess instability.  It is purely an information gathering system.  
 
This information gathering system does not contain all the information that may be necessary or pertinent to snow 
instability analysis—it does ensure that all major classes and categories are covered.  Additional observations 
may be necessary and, at times, observations that are not included in this system may be as pertinent as or more 
pertinent than the factors listed here. 
 
Assessment of instability requires more than just gathering observations.  A recording system of some kind is 
helpful (this will be discussed shortly) and, most importantly, one has to reflect on and analyze the data.  Data 
must be taken into consideration both discretely and in combination with all other pertinent factors.  It is essential 
to recognize that the main tool in analyzing data is personal experience.  There are very few usable formulas or 
computational methods for assessing instability; those that do exist are not practical for practitioners who do not 
have access to large databases of information and sophisticated computer software.  Even when computers, 
databases, statistical models, and other computational methods for assessing snow instability are used, in 
practically all cases the final analysis falls on the shoulders of an experienced analyst/forecaster who incorporates 
judgment and intuition to the process before making any decisions related to snow instability. 

 

Notes 

 
 
 
 
 
 
 
 
 
 

Notes
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Recommended Reading 

The Avalanche Handbook – Selections from Chapter 7 
Evaluation of Instability, p.166 
Nature of Factors, p.167 
Data Collection, p.168 
Analysis, p.169 
Class 1: Instability Factors, p.172 
Class 2: Snowpack Factors, p.181 
Class 3: Meteorological Factors, p.197 
Character of Data Types, p.208 

 
Snow, Weather, and Avalanches 

Preface, p.iii 
Introduction, p.1 

 

 

________________________________________________________________________________

2.2 Introduction to Weather, Snow, and Avalanche Observation and Recording Guidelines 

(SWAG) 

 

Learning Outcomes 

x Explain why the avalanche industry has national guidelines and standards for observations and 
recording. 

x Practice and receive coaching on weather, snowpack and avalanche observations to SWAG 
standards. 

 
In 2004, the American Avalanche Association and USDA Forest Service National Avalanche Center published the 
first edition of Snow, Weather, and Avalanches:  Observational Guidelines for Avalanche Programs in the United 
States.  Publishing this document was a milestone for the U.S. avalanche industry.  For the first time, practitioners 
had a common language.  The document relies heavily upon the Canadian Avalanche Association’s Observation 
Guidelines and Recording Standards for Snowpack and Avalanches.  While viewed as a “living document,” the 
SWAG serves as a valuable and practical reference for avalanche observers.  The guidelines are used by all 
manner of avalanche observers, from recreational travelers observing the snowpack to make more insightful 
terrain choices or reporting to their local avalanche centers on up to large-scale forecasting operations. 
 
Each of the three chapters in SWAG describes the observations related to the data classes, as well as a glossary 
and nine appendices including symbols and abbreviations, avalanche danger, hazard and (in) stability scales, 
snow grain classifications, weather station guidelines, and more. 

 
 

 

Task:  SWAG overview 

Thumb through the SWAG to become familiar with the document layout.  The most recent version of this 
document was updated in 2010 and should be your current reference.    

 

________________________________________________________________________________

2.3 Interpreting Field Weather and Snow Surface Conditions 

 
The guidelines for observing field weather and snow surfaces are detailed in the Snow, Weather, and Avalanches 
document.  The following paragraphs provide supplementary information on the usefulness of the data collected. 
 
Often field weather and snow surface condition are the most easily obtained data.  Experienced recognition relies 
heavily on these data as a basis for pattern recognition.  The spatial variability across the mountain slope is a well 
know conundrum when assessing snowpack instability.  However, given the mobility provided by skis, 
snowmobiles, and helicopters, ski guides or forecasters can observe variability across a drainage or even at the 
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range scale by observing these visual clues.  For the observer to gain insight into the enormous variation across 
the mountain slope, it is best understood by taking regular snow surface observations over time and over space. 
 
For example, in a daytime operation (where no monitoring or activities are undertaken at night), when assessing 
instability in the morning, the morning weather observations are often the only new information available.  This is 
especially true early in the season when days are short and analysis/forecasting is taking place before dawn; it’s 
also the case in poor weather when visibility and travel are limited.  Under these circumstances it is essential that 
accurate weather data be obtained and that the data is interpreted and extrapolated to best assess its impact on 
instability. 
 
If analysts/forecasters live in the valley and do not have ready or direct access to start zones or on-site weather, 
they may have to rely on local weather and extrapolation to assess instability and instability trends.  This is very 
common in maritime climates where there may be a significant difference in temperature from valley bottom to 
start zone; temperatures, rainfall, and other factors, when interpreted and extrapolated, translate into useful 
information for higher elevation problems. 
 
Another common situation where weather data plays a crucial role is in synoptic or regional scale forecasting 
where it is simply not possible to see all the avalanche activity or dig profiles and make snowpack observations in 
all the potential problem areas.  Weather, being a much larger-scale factor, then becomes very important for 
assessing general stability and trends. 
 

Photo below shows observer at a manual study plot 

 
 
Some useful relationships for interpreting and extrapolating a few weather observations include:  
 
Orographic lift 
The amount of snowfall on the upslope weather side of a mountain or range will be more than on the down slope 
weather side. Classic examples are: 

x The New Zealand Alps: 4.6 meters water equivalent per year at the divide, 0.2 meters at the town 
of Twizel only 50 km to the east (i.e. Donner Summit/Reno area) 

x Columbia Mountains, interior British Columbia, west side of the Selkirks/Monashees, looks 
almost like the coastal mountains; east side (Purcells) looks like the Rockies 

x  
There is no formula here; one learns by experience.  But it is possible to extrapolate what may have happened on 
the other side of the mountain if attention is paid to the local weather and precipitation patterns/amounts.  
Consider that on exposed (alpine) upslope aspects the snowpack may be shallower due to wind scouring.  
 
 

T. Murphy 

.
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Elevation 

Generally there are greater accumulations of snow at higher elevations and less at lower elevations.  Similar to 
lift, there is no set rule, but local experience can produce astonishingly accurate estimates. 
 
In some regions/climates, even though the amount of snow on the ground at higher elevations is greater, the 
actual load is similar.  For example, at 1500 meters above sea level you get 10 cm of snow at 100 kg/m3 (10%) 
and at 3000 meters you get 20 cm at 50 kg/m3 (5%).  The load is the same and if one extrapolates, one can 
estimate loads at higher elevations by looking at densities or water equivalents at lower elevations. 
 
Drifting snow 
Dryer, lower density snow will transport more readily than moist, higher density snow.  By assessing how much 
snow, what kind of snow—and considering the temperature and density range from lower elevations to higher 
regions—one can begin to estimate how snow that is far away and out of sight might be reacting to winds. 
 
Threshold wind speeds must be attained before snow will move.  The speed required is based on density, 
moisture content, grain type, grain size, and other characteristics of the snow on the ground.  It is also dependent 
on previous winds.  If snow has been moved by wind once then it will tend to take greater speeds to move 
significant amounts again.  For example, if the snow was moved by a 40 kph wind yesterday and the wind then 
died down, you are unlikely to see significant transport until subsequent wind speeds exceed 40 kph. 
 
Light winds (<25 kph/15 mph) don’t move much snow.  Gusty winds tend to not create a consistent loading 
pattern.  High winds (>80 kph/50 mph) may blow the snow far enough down the slope that it does not load start 
zones.  Extreme winds may cause the snow to sublimate into the atmosphere as water vapor, especially at high 
elevations and in dry climates.  The most problematic loads come from moderate winds that blow steadily and for 
long periods of time. 
 
Fetch 
How much snow will be available for transport is limited by the size and configuration of the windward area from 
which it will be picked up by wind (the fetch).  A greater fetch will make greater wind loading possible and vice 
versa. 
 
Temperature lapse rate 
In moist, saturated air (near 100% humidity), the temperature will drop by about .5oC/100 meters of elevation gain.  
This is the lapse rate.  The lapse rate for dry air/clear conditions is about 1.0oC/100 meters.  With an inversion, 
temperatures rise with elevation.  By learning how these lapse rates work in different weather patterns and 
climates it is possible to make decent, educated guesses as to what temperatures are doing at various elevations 
and in remote locations.  This can help establish freezing levels and may be of use in determining what is 
happening to the snowpack and stability even when one can’t get out there and poke around in person. 
 
Freezing level 
Precipitation will remain snow for 150–250 meters (500’–800’) below the freezing level.  That is, if the freezing 
level is at 1750 meters (5700’) above sea level (perhaps you have cleverly calculated this using your newfound 
knowledge of lapse rates) it is likely snowing dryer snow at 2500 meters (8200’), snowing wet snow at 1500 
meters (4900’) or so, and raining below 1500 meters.  This can help assess where and what type of load is 
observed and how susceptible the snow will be to wind transport. 
 
Water equivalent 
The general rule of thumb for fresh snow is that the ratio of water to air is 1:10.  If you record 1 mm of rain in the 
rain gauge at your weather plot and you know it is cold enough to be snowing up higher, you can expect about 1 
cm of new snow is on the ground.  This is a rough rule of course and it depends on the climate, actual elevation 
change, lapse rates, type of snow that’s falling, and a variety of other factors.  Again, some attention to detail and 
learning local patterns can improve your educated guesses. 
 
Foot Penetration and Settlement 

Storm snow settlement is indicated by several observations: snow cones appearing around the snow stake or 
bamboo poles, and most accurately by comparing the height of storm snow (HST) to the added depths of new 
snow over a period.  Settlement indicates the process of decomposing, rounding and sintering of storm snow 
grains.  
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Comparing the foot penetration depth at the same site over a few days can be a crude but early indication of 
recent new snow settlement.  At times, given low-density HST, when the observer’s foot penetrates through the 
depth of recent HST into the old snow below, the foot penetration indicates the HST hasn’t settled into a slab over 
the old interface.  Loose snow avalanches on steep terrain are still a possibility.  Depending on temperature, wind, 
and humidity, storm snow layers can settle at different rates.  Often when the foot penetration stops just above 
(5–10cm) the HST/old snow interface the snow has settled to the point where slab avalanches can be skier 
triggered.  
 
A more accurate measurement of sintering compares the sum of the heights of the (twice daily) new snow reading 
(H2D) with the height of the storm snow (HST) as read on the snow boards in a weather study plot.  To calculate 
storm snow settlement rates for a given period: 

 
[Sum of H2D] – [Current HST] 

               ---------------------------------------   X 100 = Settlement % 
Sum of H2D 

 
Given: 

x H2D is snow depth observed on the standard (12 hour) board read and cleared each reading. 
x HST is snow observed on the storm board. This is not cleared until the end of the storm. 
x Settlement is in %. 

 
Storm snow settlement rates of 15–20% are generally considered “good” for stability.  Lower rates indicate the 
storm snow is not settling or strengthening quickly.  Higher rates usually indicate rapid settlement from warm 
temperatures and/or solar radiation which tend to settle the upper part of the storm snow layer faster than the 
lower part, potentially resulting in a warmer, firmer slab over a colder, softer weak layer. 

 

Notes 

 
 
 
 
 
 
 
 
 

 

Task:  Field Weather Observation 

Observe and record a complete set of field weather obs using the AIARE Fieldbook as a template. 
1. Discuss each observation and learn the usefulness of each.  
2. Return to the class and record the field observations taken.  The first record is to be used as a template 

for the field obs taken each day.  
 

Questions 

Discuss record keeping in daily journal form versus record keeping by subject. What is the advantage of recording 
by subject? 
 

 
Why observe and record “Thin Cloud” cover under the Sky category? 
 
 
Describe the significance and formula for observing settlement in new snow. (AHB p.202-203) 

 
 
Why record the aspect and elevation of the field weather observation? 
 
 
Why record snow temperature (T20) 20cm below snow surface? 

Notes
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________________________________________________________________________________

2.4 Interpreting Snow Profiles 

 
Learning Outcomes 

x Compare and contrast full, test and fracture-line profiles. 
x Describe the observations to be taken and recorded for each. 
x Practice completing a snow profile, with coaching from the instructor. 
x Use the Snowprofile Checklist (yellow flags) to identify critical interfaces. 
x Record your profile in your AIARE Field Book. 

 
The guidelines for observing snow profiles are detailed in the Snow, Weather, and Avalanches document.  The 
following paragraphs provide supplementary information on the usefulness of the data collected. 
 
In contrast to snow surface data that provides information on snow variation at the mountain range, drainage, or 
even slope scale, snow profiles provide only point data.  These point data collected in a profile provide useful 
information about how layers change over time, given the critical caveats that the site is selected with a specific 
objective in mind and these data are compared in context through a larger-scale assessment of snow instability 
(see the PM Avalanche Hazard and Risk Assessment form in section 3.3).  For the observer, these data are most 
relevant when evaluating persistent and deep avalanche problems (see Avalanche and Observation Reference in 
section 3.1). 
 
These snow profile observations involve digging into the snowpack and making a series of relatively formal and 
predetermined observations and tests, which are recorded using a standardized format.  There are three types of 
snow profiles:  full profiles, test profiles, and fracture-line profiles. 

 
 

Full Profiles 

These are sometimes referred to as “study plot” profiles.  They are generally carried out at prepared sites that are 
considered representative of the average snowpack for a geographic region.  Profile sites are usually near or 
below treeline, on a north aspect, and on a flat slope.  This provides for an average snow depth minimizing the 
influences of elevation, aspect, wind and radiation. 
 
Full profiles are generally done at regular intervals, the timing of which depends on the climate, the type of 
operation, and the needs of the analyst/forecaster.  The goal of full profiles is to obtain and update baseline data 
through the depth of the snowpack and to track changes over time. 

 
Clean profile walls improve layer identification. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

B. Pritchett 
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Test Profiles 

These are sometimes referred to as “field profiles.”  Test profiles are carried out at sites that are deemed 
representative of a specific snowpack for a given area (see the discussion in Data Classes and Observation 
Sites). 
 
Test profiles are observed when they are necessary and useful for assessing instability.  The interval will depend 
on the climate, the type of operation, and the needs of the analyst/forecaster.  The goal of test profiles is to obtain 
site-specific data and to verify and complement information gained from full profiles.  Test profiles are useful for 
tracking changes over space (noting influences of slope, aspect, elevation, wind, radiation and avalanches) and 
over time. 
 

Fracture-Line Profiles 

Fracture-line profiles are observed at or near the crown or flank fractures of a slab avalanche, and they are 
essentially test profiles.  They are carried out when confirmation of what caused an avalanche is useful.  
Observers may choose when and where to do them and carry out the tests and observations that are relevant to 
the objective. 

 

Task:  Snow Profile Observation 

1. Observe the demonstration of full profile observation techniques. 
2. Return to class to record the day’s observations. 
3. Discuss the differences between the site selection of a full, test and fracture line profile. 
4. Use the “yellow flag” parameters to describe the layer and interface characteristics.  Describe the layer    

that is most important to observe and track in various field tests and test profiles during the week.  
 

Examples of Snow Profile Recording Methods 

 

Recording Example:  Fieldbook 

 

Snow Profile
Elev:  9050 ft.  Aspect:  NE    Incline:   36°  .Profile Type: Test profile         

Sky:   BKN, VF 7000-7600’  Wind Dir:  SW     Wind Sp: Light  BloSno:  Mod 

HS:  198cm PenFoot:   30 cm   Precip. Type/Rate: S-1   Air Temp:      -4.5

Hard diff

Depth
Count

Grn sz d
iff Difference in grain size: >.5

Difference in hardness: >1
Depth of interface: 20 - 85cm 

Snowprofile Checklist
Interface Properties:

(Interfaces)
Yellow Flags Sum Test results

and comments H(cm) T (°c)

Tsurf -4.5

← Recent HST T10 -8.5

5 ↓20 -5.0

← Last Week’s Storm Snow ↓30 -4.5

6 CTE (SC), ECTP 13 ↓ 55cm  on Feb 19 V ↓40 -4.0

← Layer of Concern (Feb 19 V).

6 2nd test 20m away, same elev., deeper HS showed: ↓53 -4.0

ECTX, PST 35/100 (end) ↓ 90 on V. ↓55 -4.0

-4.00 ↓57

1 ↓188 -0.5

← 4cm Ice layer, from Dec 16 rain ground 0.0

4 DTH (RP); PST 80/100 (END) ↓ 137 on Λ.  

4

3rd test site @ 8,200’, above high pickup, showed:

PST 32/100 (end) ↓ 45cm on Feb 19 V, 

Whumping nearby.
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Recording Example:  Graphical / Hand-drafted version 
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Using the Snow Profile Checklist (Yellow Flags) 

 

The AIARE Field Book has columns designated to use the snow profile checklist as an integral part of the snow 
profile procedures.  Researched and promoted by Bruce Jamieson and Jürg Schweizer in their paper, “Using A 
Checklist to Assess Manual Snow Profiles” (March 2005), the checklist has been found to be useful to assess and 
prioritize critical layers and interfaces in the snowpack.  
 
Jamieson and Schweizer found that while snowpack tests (example: compression test) are a good tool to identify 
layers and determine the layer likely to initiate a fracture when the snowpack was deformed, more information 
was required to gain insight as to whether that fracture, once initiated, would propagate.  
 
The snow profile checklist can be used to identify the crucial structural properties of the snowpack by noting 
relevant values in both layer properties and layer interface properties.  The values are described as observed to 
be consistent with avalanches.  These criteria (yellow flags individually) may add up to a “red flag” value in the 
snowpack if five or six “flags” are identified at the interface of a layer.  

 
Table:  Yellow flag criteria for identifying potential failure layers 

 

Property Critical range       
(Columbia Mts.) 

Weak Layer Properties  
Average grain size > 1mm 
Hardness* < 1F (3*) 

Grain Type Persistent (SH, FC or 
DH) 

  
Interface Properties  
Difference in grain size > 0.5mm 
Difference in hardness* >1* 
Depth of Interface 20 to 85 cm 

 
* hand hardness F, 4F, 1F, P, K is assigned a value of 1, 2, 3, 4, 5, respectively.  Fractional values are allowed, 
e.g. 4F+ and 1F- are 2.3 and 2.7, respectively. 
 
The table above is a copy of the checklist from “Using a Checklist to Assess Manual Snow Profiles”,  
Avalanche News, 2005 Jamieson, Schweizer 
 
Practitioners note that when one observes the combination of 1) yellow flag criteria (snowpack structural 
properties); 2) fracture character observed in compression tests; and 3) fracture propagation observations from 
large column tests (ECT, PST), one begins to get a much better notion of whether the fracture, once initiated, may 
propagate across the terrain.  
 

Task:  Snow Profile Checklist 

Using the Snow Profile Checklist, tabulate the values for each layer and interface of a profile in your Field Book. 
 

 

Notes 

 
 
 
 
 
 
 

Notes

.
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Recommended Reading: 

“Using a Checklist to Assess Manual Snow Profiles”, Bruce Jamieson1 and Jürg Schweizer2   
1. Dept. of Civil Engineering, Dept. of Geology and Geophysics, University of Calgary  
2. Swiss Federal Institute for Snow and Avalanche Research, Davos, Switzerland  
    (Also reprinted in The Avalanche News, March 2005) 

 
Snow, Weather, and Avalanches – selections from chapter 2 
Snowpack Observations, p.21 (Sections 2.1–2.4) 

 
Questions 

List three reasons the full profile is useful to the forecaster.  
 
 
 
Why are the full profile and weather instrumentation often at the same site? 
 
 
 
 
What is one weather instrument that is often distant from the study plot location? 
 
 
 
      

________________________________________________________________________________

2.5 Craftsmanship, Relevancy and the Process of Verifying Snowpack Tests and Observations 

 

 

Learning Outcomes 

x Describe why site selection is critical to collect good snowpack information. 
x Practice and explain appropriate use and the limitations of small and large column snowpack 

tests. 
x Explain why it is imperative to use good technique and to verify data, prior to making a statement 

on snowpack instability. 
 

The Weight of Evidence 

The important job of gathering and interpreting snowpack information includes evaluating the weight of each bit of 
information (type, craftsmanship, accuracy, timing, relevancy, 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: 

 
9 Are the tests appropriate and suited to current avalanche 

characteristics? 
9 How representative is the site (relating to the 

distribution/variability of the layer(s) of interest, and the extent 
of the avalanche problem)? 

9 How skilled is the observer (craftsmanship and accuracy)? 
9 Whether the information is verified with complementary tests? 
9 Importantly, whether observer has experience extrapolating 

information from that specific site to the nearby avalanche 
problem? 

9 Whether the observation has been confirmed by similar nearest 
neighbor results? 
Outside of current avalanching and red flag observations, 
experienced observers tend to steer away from drawing 
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Snowpack Observations: The Importance of Craftsmanship, Relevancy, and 

Verification 

Learning Outcomes

x Describe why site selection is critical to collect good snowpack information. �
x Practice and explain appropriate use and the limitations of small and large column snowpack tests. �
x Explain why it is imperative to use good technique and to verify data, prior to making a statement on �

snowpack instability. �

The Weight Of Evidence

The important job of gathering and interpreting snowpack information includes evaluating the weight of each bit of 
information as it is applied to snowpack instability and avalanche hazard. This means determining the quality of the data 

(the skill of the observer, site selection, and verification with nearby complementary tests) and the quantity of data (the 

number of relevant observations).  Experienced practitioners are aware of the terrain and snowpack variability; and are 

aware of the challenges of extrapolating and interpolating snowpack observations. The following checklist helps to ensure 

quality and relevancy of information:

x Does the test provide more information about the current avalanche concern?

x Is the observation site representative (relating to the location of the layer(s) of interest, and the reported

distribution of the avalanche problem)?

x Is the observer skilled at performing the test and interpreting the result?

x Has the test been verified with similar or complementary additional tests?

x Has the observation or test been confirmed using similar findings from “nearest neighbor” professionals?

Outside of current avalanching and red flag observations, experienced observers tend to steer away from drawing 

conclusions from a few snowpack observations. They recognize that errors occur during the extrapolation process. 
Inexperienced observers, when prioritizing information, may gravitate towards a loud note in the score (such as a 

compelling snowpack test result) and apply too much importance to one test result. 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 observation and understanding isn’t complete. As Dr. 

Bruce Jamieson, the ASARC researcher understated, during a CAA course lecture on spatial variability of the mountain 

snowpack,  “…inaccurate assumptions can have serious consequences”. Decisions made from a deficit or even partial 

deficiency of information (required to understand the avalanche problem) should be considered “uncertain” (ISO 31000)—
at least until placed in context by the criteria discussed in the above checkbox. Meanwhile as the degree of uncertainty 

increases, so increases the emphasis on safer terrain choices.

Ver.Jan. 2015

2.5 Snowpack Observations: The Importance of Craftsmanship, Relevancy, 

and Verification
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The Issue of Consistency 

Regional and operational consistency with technique, application, and interpretation ensures the quality of data gathered, 

recorded and communicated. 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:

x Each snowpack test requires an objective. Know what you’re looking for prior to the observation.

x Experience, and an ability to visualize how the snow is layered over the terrain, is required for relevant site 
selection for field test sites.  

x 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. 2014)

The Application and Limitation of Snowpack Field Tests 

To observers, it must be stressed that standard snowpack observations are part of a very large and complex puzzle. As 

illustrated above, results from these tests are seldom conclusive and require skilled interpretation. A snowpack test result 

should not be used as a single indication that a slope is stable or unstable. One repeatable test is only one observation, 

and is interpreted in combination with other information as part of the process of risk assessment and risk reduction. One 

of the most useful tools to help learners is the AIARE Avalanches and Observations Reference inspired by Dr. Bruce 

Jamieson’s article “Which Obs for Which Avalanche Type?” (ISSW 2010). In this article Dr. Jamieson suggests that prior 

to the terrain selection process smart ski guides would identify the primary avalanche problem that may affect safe terrain 
choices. 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 help learners identify a set of field observations 

that 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 following summary may provide insight into how practitioners interpret and apply the common snowpack observations 
and tests (sources noted).  

Observation: 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 

examples:

• Ski penetration “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 practitioners. The 

heliski guide whose mobility permits rapid observation over a tremendous range of elevation and aspect has an 

advantage if they careful track and record the distribution of the old snow surface prior to becoming a buried layer
weak layer! 
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• A change in foot penetration is often the first indicator of settlement within recent storm snow (HST). For example, 
foot penetration through low-density storm snow (into old snow below the depth of the buried weak layer) may 

indicate no slab formation; and in this case, loose snow avalanching would be the primary concern.  A day or 
several days later, the observer records the PF to a height well above the weak layer—possibly indicating the 

HST has settling into a slab (over the weak layer). This may be an early warning sign that skier triggering is 

possible. 

• Foot penetration may help to observe the strengthening mid pack without digging. Early season in a shallow

continental snowpack it is common for the foot to penetrate to near ground layers. Given warming and continued 

snow fall the strengthening mid pack begins to support ski penetration and subsequently foot penetration. This 

may be an early indication that (given snow cover over ground roughness) enough mass and stiffness now exists

for a slab avalanche release over a basal depth hoar or facetted weak layer. 

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 

surface weak layers, crusts, wind effect, and seasonal variation in snow cover. 

• Limitations include not being “standard” tests with common methods or descriptors; and until recently “quick tests” 
had little supportive field study (see Which Obs For Which Avalanche Type, Jameson, Schweitzer, Statham, 

Haegeli,  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 (to 45cm deep, Schweitzer/Jamieson) and observing the 

HST/old snow interface (including fracture character/shear quality).

• Probing is useful to observe the distribution of the seasonal snow cover (during periods of stable snow) and to track 

the depth of recent snowfall over stiff layers or crusts. 

• 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 

observing the layer characteristics of persistent slab avalanche types (from Jamieson, Harvey, Schweitzer et al). The 

AIARE Avalanches and Observations table illustrates how profiles and field tests help observers better identify the 

persistent and deep slab types. 

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 
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shape, elevation, wind, and radiation is derived from a comparison of study plot profiles to site specific test 

profiles. 

• 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 
multiple weak layers/layer interfaces (similar to expert systems from McLung 1995, “Lemons” from ISSW Poster 

McCammon, Schweizer 2002, “Yellow flags” from Schweizer and others ISSW 2004, Snow Profile Checklist from 

Jamieson, Schweitzer, Avalanche News 2005).

• 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 triggering 
of the layer (from Jamieson). Recording compression tests with fracture character manages slope scale variability 
better than recording only the number of taps (from Jamieson).

• Good techniques with all small column tests are important. Poor techniques (such as rough walls or inadequate 
column clearance) may result in “missed” or misidentified fracture character. Example: a sudden fracture—Q1—

being observed as a resistant fracture—Q2.  

• 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 

compression (Q2) fractures (often a DF layer) are impractical to observe using a shovel shear test. Sudden 
collapse (Q1-“drops”) may be harder to accurately observe using the shovel shear test (Jamieson).

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 
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initiation related information gathered from CT and DT tests. The suggestion is that a column with a beam length of 
around 1m (Gauthier, Jamieson, Ross) can give an idea of whether propagation will continue once the fracture has 

initiated in the weak layer (free propagating cracks).
• One field study has suggested the ECT is most valuable for observing weak layers in the depth range from 27cm to 

70cm thick (Cameron Ross and others, ISSW 2008). The SWAG, OGRS both describe the test as useful in 

certain snow conditions to depths of approximately 1m (Simonhois,Birkeland 2009).  Several studies suggest the 

ECT provides a consistent result balancing false stable or unstable indications (Schweizer, Jamieson and others 

2010). 

• 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 conditions 
(ie wind slabs ≤40cm depth) that may be ski triggered (Gauthier).

• 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 (from Schweizer 1995).  Also consider

that the RB is largest 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. 

Clues Provided By Field Tests

Snowpack Test Identifies weak layer of 
concern

Illustrates failure/fracture 
in weak layer

Illustrates propensity for 
further propagation

Illustrates the possibility 
of avalanche release

Shovel Tilt Test (Limited to top 45cm)        

Profiles w/ checklist
(checklist may give false 
unstable indication)

Compression Test
with fracture character (limited to top 100cm)

(tends to false unstable)

Deep Tap Test
with fracture character (ID layer prior to test)

(SP, SC give prop. clues)

ECT (stress from taps may not 
affect deeper layers)

PST (ID layer of concern prior to 
test)

RB
w/ Release Type

(stress may not affect 
deeper layers)

Explosives
(deeper weak layers may 
require well placed or larger 
trigger to avoid false stable)

(no result may not provide 
useful information)

Figure above: from Jamieson 2009

Ski And Explosive Tests

These tests can illustrate the extent of fracture propagation across the slope and the magnitude of avalanche release.
• Explosive tests provide important 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 
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avalanche release. 

• Results may be “less artificial” in comparison to a column of snow completely isolated by a saw cut, and in theory, 

provides a test that applies a force on an intact slab over undisturbed layers.

• Explosives tests are one of the few tests for a deep persistent weak layer—or a weak layer protected by stiff layers 
that may give false stable indication when applying loading steps (taps or jumps) in column tests. 

• May trigger slopes from weak snow areas. 

• Allow triggering from safe location but require expertise and certification.  

• Air blasts affect 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 can affect a larger area of the start zone than single explosive tests; but can also be 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.

Managing The Possibility Of False (Stable Or Unstable) Indications In Tests 

Snowpack tests can illustrate snowpack layering, weak layer fracturing and propensity for propagation in the absence of 

obvious signs of instability (cracking, whumping and avalanches). Experience interpreting test results provide the 

forecaster with information on both stable and unstable snowpacks. The five bullet points outlined in the first paragraph 

describing “the weight of evidence” provide a functioning checklist to ensure the test 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 history of how the snowpack lies over the terrain helps to locate 

relevant sample sites. Knowing where the terrain tends to form strong and weaker snow given the seasonal snowpack 
development is important. While persistent weak layers tend to have a broader distribution, sun or wind effect can result in 

feature scale variability in weak layer character.  DF layers can be unstable locally but may not be problematic on a 

drainage scale. 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 to applying the information to the overall picture of slope stability.  For 
example, the snow profile checklist (a.k.a. “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 

snowpack 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, Schweizer, 

Camponovo) shows that an 80kg theoretical load on the snowpack has less than ¼ of its effect at 80cm depth. Yet, slabs 
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are commonly ski triggered, and remotely triggered, on persistent weak layers at that depth or in the terrain from nearby 

shallower or weaker area. 

Figure above: Salm 1971, Fohn 1987, Schweizer & Camponovo 2001

The Schweitzer, Jamieson article Snowpack Tests For Assessing Snow-Slope Instability (2010: Annals of Glaciology) 

provides an updated and excellent perspective directed at a general audience 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 

expected. Site selection and interpretation require experience. 

The bottom line is snowpack tests used to predict instability are not foolproof. As Schweitzer/Jamieson state obviously 

and importantly in the aforementioned article, “decisions about traveling in terrain should not be based solely on stability 

(snowpack) test results”.
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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

Recommended Reading 

Snow, Weather, and Avalanches (SWAG) – selections from chapter 2 
Snowpack Observations, p.24-55 (sections 2.4.1-2.7.3, 2.7.5, 2.8, 2.9, 2.9.1, 2.9.4-2.9.6, 2.9.8) 
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2.6 Additional Information on Test Skiing, Explosives, and Cornice Testing 

 
Test Skiing 

“The best method of instability evaluation is to load the snow in an avalanche-starting zone until the snow 
fractures, for example, by test skiing or application of explosive charges” (AHB p.166). 
 
“Ski cutting (also known as test skiing) is one of the most dangerous methods used to observe or test the 
snowpack.  It is also perhaps the one that is most often misapplied or carried out incorrectly, even by experienced 
practitioners” (Karl Klassen). 
 
“In general, test skiing is limited to short slopes where no serious consequences would result if an avalanche or 
fall by the skier takes place” (AHB p.174). 
 
Test skiing is one of more important instability tests available to the backcountry skier.  In the context of instability 
analysis (as opposed to avalanche control), test skiing should be used with extreme caution and it is essential 

the safety of the tester/observer, group, and other skiers be carefully and fully considered before using this 
technique, especially in the backcountry.  Do not ski cut slopes where the size of the slope, terrain configuration, 
or slab properties could produce a large enough avalanche to bury or injure a skier.  Therefore, any potential for 
an avalanche more destructive than Class 1 should automatically preclude test skiing as an option.  Ski onto a 
short, steep slope similar in aspect, elevation, and terrain characteristics to the slope you want to ski.  Next note 
any obvious clues of instability (“whumphing,” cracking, and/or avalanching.)  If there is cracking, determine at 
what level beneath the snow surface and identify the failure layer.  Carefully evaluate the consequences of being 
caught in an avalanche on the slope you are testing.  One’s definition of a short, steep slope is relative.  Are we in 
Alaska or Colorado?  Take a close look at the terrain before you commit to test skiing.  Is the slope unsupported?  
Are there hazards in the runout zone (crevasses, cliffs, trees, etc.)?  Does the runout fan out gradually or end with 
an abrupt transition? 
 
In the context of avalanche control, test skiing (also known as ski cutting) is a common method of initiating small, 
controllable avalanches before conditions develop and increase the potential size of the forecast avalanche.   
 
“You must start and end the ski cut at safe points, staying as high on the slope as possible.  Do not stop while in 
the start zone or at trigger points.  Push turns, check turns, and kicking while cutting across the slope should only 
be carried out when at the very top of the slope and are appropriate only when they will not stop or significantly 
slow progress to the safe end point of the ski cut” (Frank Coffey). 
 
Bottom line, the information that can be gained from ski testing can be quite valuable, albeit potentially dangerous 
and difficult to acquire.  It can be considered indicative of instability if carried out in an ideal location�safe and 
representative.  It is important to note that negative results do not indicate stability.  The forces applied by a skier 
attenuate rapidly with depth; the snowpack varies across the slope; and fractures that initiate in the weak layer 
may begin to propagate and stop in stronger snow (at the test location).  The skier may have simply not tested the 
“sweet spot.”  Consider the number of times control workers begin to ski cut a slope, get an eerie feeling and 

retreat.  On their next pass, small charges placed in ideal locations cause the slope to release.  In contrast, 
positive results certainly reveal instability.   

 

Explosive Tests 

Explosive testing is an invaluable tool when test skiing is not an option and when other snowpack tests (for 
example, Rutschblock and compression tests) are not viable or too dangerous.  Many times the only effective 
tests of deep weak layers (more than 80 cm deep) are explosive tests.  The effectiveness of the detonation is a 
direct function of where the charge is placed on the slope, where it is located in relation to the snow surface, and 
the weight of the explosive. 

 

Charge Placement 
“The ideal locations are those with the lowest stability�the most likely location for a primary fracture to begin.  
Due to the fact that such specific locations cannot be identified precisely, the entire potential release zone must 
be totally encompassed by the effective ranges of the individual shots.  In order to accomplish this in an economic 
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fashion with a minimum amount of explosives, one should strive for the largest possible effective range, and begin 
control work at locations of pretended lowest natural stability” (“Artificial Release of Avalanches”; H. Gubler).  

 
Effective Range 
The effective range is defined as the radius of an area with the point of detonation at the center.  “We define the 
effective range for a detonation of a given charge about 1m above the snow as the 100% range.  The effective 
range of 100% of a 1 to 1.5 kg of a high detonation speed, high work factor and gas volume amounts to about 
85m.  This 100% range reduces to about 50m if the area has to be skiable after a stability test with explosives.” 
(H. Gubler)  The effective range of a charge detonated at the snow surface is 40% of a detonation 1 meter above 
the snow surface.  Surface blasts have a range of 20 meters; a detonation 30cm below the surface has a range of 
15 meters.  Effective ranges may vary within 25% for commonly used explosives.  A loud, high pitched blast 
indicates a greater effective range.  The more muffled the sound, the smaller the effective range. In wet snow 
shockwaves attenuate dramatically and the effective range is limited, by and large, to the crater zone.  

 

Size of Charge 
The industry standard for hand charges is one kilogram.  Studies at Big Sky Montana showed that increasing the 
charge size 100% increased the area of influence 144%.  Explosives deployed from helicopters generally 
detonate below the snow surface.  In heli-bombing the size of the charge is increased [minimum 5 kilograms] to 
increase the effective range.  The standard avalauncher round weighs about one kilogram.  With avalaunchers 
the effective range improves markedly when charges detonate either in shallow snow or at rock surfaces. 

 
Interpreting Test Results 
The results of explosive tests are interpreted like those seen with ski tests.  Explosive-triggered avalanches 
indicate at least fair and possibly poor stability.  Note aspect, elevation, and terrain characteristics if you are 
triggering avalanches with explosives.  Determine the fracture depth and the failure layer.  Does the avalanche 
“step down,” triggering failures at deeper layers?  When avalanches are not being triggered, closely inspect the 
crater zone.  Are there cracks radiating out from the crater? Is there significant propagation?  To what level 
beneath the snow surface do the cracks penetrate?  
 
Significant cracking indicates potential lingering instabilities.  While this is obvious to experienced practitioners, in 
2006, Birkeland et al. illustrated this point using a study of two case studies where a first charge produced visible 
cracks and obvious weak layer fracture, and then a second charge released a sizable avalanche.  They also 
referred to examples when a series of charges repeatedly produced visible cracks without slope failure and 
avalanche release.  Bottom line: a slope with cracking following explosive testing should be considered suspect 
rather than considering it stabilized with the “energy released.” 

 
Cornice Testing 

Dropping a piece of cornice can be an excellent test for stability.  It is essential that the safety of the 
observer/tester and the group or other skiers be taken into consideration.  Do not control cornices that are large, 
overhang big slopes, or are above other skiers.  Consider the worst-case scenario before trying cornice control 
techniques. 
 
A variety of cornice control methods can be employed, including unbelayed kick, kick with ski pole belay, and 
cutting off a chunk of the cornice with a piece of cord.  In all cases, be aware that cornices often break farther 
back on the slope than one might expect.  A careful inspection is an important first step.  Approach all cornices 
with caution, keeping well back from the edge until you are certain your working area is safe.  If using kick 
techniques, start well back and work your way out; always keep weight centered on the rear ski (the one farthest 
from the cornice edge) and do not put weight on the front ski after a kick; pull yourself back onto the rear ski after 
each kick so that if the cornice breaks you don’t go over the edge with it. 
 
Cornices that require more extensive measures or greater safety precautions than those described above are 
beyond the realm of the backcountry traveler and fall into the role of professional avalanche control measures. 
 
Do not carry out cornice control techniques without prior instruction, demonstration, and supervision.  Any doubt 
as to the safety of the procedure should exclude it as an option. 
 

Notes 
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Recommended Reading 

“Uncertainties in Assessing the Stability of Fractured Slopes”; Karl W. Birkeland, Scott Savage, Simon 
Trautman, Kalle Kronholm, Spencer Logan, and Jürg Schweizer. 2006.  
 
“Artificial Release of Avalanches by Explosives”; Gubler, H.  1976. Symposium on Applied Glaciology; 
Proceedings of the Fourth Symposium on Glaciology, Cambridge (England) September 13-17, 1976. 
Journal of Glaciology, Vol. 19, No. 81, p419-429, 1977. 

 

________________________________________________________________________________

2.7 Avalanche Observations and Recording Techniques 

 

Learning Outcomes 

x Describe the importance of avalanche observations. 
x Know the standard observations taken when recording avalanche activity. 
x Practice taking and recording these observations. 

 
The best information about snow strength is that which is obtained directly from the avalanche occurrence:  

x Location:  Describe the position of the avalanche in the mountain range using mountain or path 
names, coordinates, elevation or other descriptors.  Consider supplementing these descriptions 
with a photo of the event, both to support the description and for later reference of exactly where 
the avalanche ran. 

x Time of Occurrence: Note if the recorded time is estimated or actual.  Timing is critical in certain 
avalanche cycles. Are the conditions deteriorating; was this an “indicator slope” being the first to 
fail?  Was the incident after the cycle indicating that in many areas the weak layer has slid on 
steeper slopes but now the lower angled slopes are releasing with more destructive potential? 

x Path Characteristic:  Further detail of where in the path the avalanche ran including aspect, 
incline, start zone shape etc… 

x Event Characteristic:  Note the number of occurrences, size, type, trigger, slab thickness / 
width, weak layer, vertical fall, or other notable details about this observation. 

 
Actually going out onto the slide path and 
observing/feeling/measuring the snow is going to provide more-
detailed, firsthand information, which is more useful when assessing 
what happened and when applying that information to a snow 
instability analysis. 
 
For many, especially backcountry travelers, getting onto the slide 
path or to the fracture line is not possible or practical. In these cases, 
choose a vantage point that allows the best visual scan of the 
avalanche path. A pair of binoculars can help see details better. Use 
features on or near the slide to estimate scale and size. Compare 
what you see with other points of view. Record all observations as 
estimates or measurements. Use a camera to record and post 
observations.  
 

Task:  Avalanche Observation 

Record an avalanche in your AIARE Field Book on your Field 
Observation page.  Hint: use the prompts in the back the field book 
on p. 63 for a reference. 

 

Recommended Reading 

Snow, Weather and Avalanches – Chapter 3 
Avalanche Observations, p.69 

 
          T. Carter    
         
  

          J. Royer 

T. Carter
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2.8 A Chapter Summary of Factors Commonly Used To Assess Snowpack Instability 

Weather Factors Observation Tools Objective 

Weather Forecast 

x Forecast the potential effect of 
weather on the mountain snowpack 
across range, across slope, effects of 
terrain shape and elevation 
x Short term, longer term, timing, 
duration, intensity 
 

x Govt. and private weather 
forecast 
x Avalanche bulletin weather 
interpretation 
x Web weather resource 

What effect will the current 

and forecast weather have on 

the properties of the 

mountain snowpack? 

 

Will the weather affect the 

ability to gather quality field 

observations? 
Weather and Snow Surface 

Observations 

Wind 

x Past and present wind and effect, 
speed, direction 

Precipitation Amounts 

x Depth of storm snow, weight of 
precipitation during storm (measured 
as water equivalent) 
x Depth of new snow, intensity of 
snow fall, density of new snow 

Blown Snow 

x Snow transport by wind estimates 
Air Temperature 

x Previous temperatures, present 
temperatures, temperature trend 

Snow Temperatures 

x Effect on metamorphism, 
Temperature near surface, 
Temperature at weak layers 

Solar radiation 

x Effect of sun, influence of cloud 
cover 

Penetration 

x Penetration by foot, ski, or 
ramsonde 

Snowpack Settlement 

x Total settlement of snowpack, 
amount of settlement and rate of storm 
snow settlement 
x As a rough rule of thumb, a 
settlement rate of 15% in a 24-hr period 
indicates a slow increase of strength of 
the new snow. 
 

x Standard 2x daily study plot 
weather observations 
x Daily field weather 
observations 
x Field weather summary 
record 

 

 

Is the current weather trend 

increasing or decreasing 

snow strength? 

 

Are new layers being 

created? 

 

Are weak layers being 

buried? 
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Snowpack Observations 

Snowpack Factors Tools and Tests  Objective? 

Observing Snow Cover on the Ground 

(Depth variations, Slope use & Compaction) 

x Adequate snow pack to cover terrain 
roughness (>30 cm on smooth ground) 

x Distribution of snow cover due to wind 
exposure, elevation, and terrain 
configuration 

x Variations of snowpack weaknesses 
and loads across different terrain 
features 

x Effect of skier or other traffic in the 
snowpack, continuous skiing compacts 
and strengthens affected layers  

Past Avalanche Activity 

x Location/distribution where avalanches 
occurred (Isolated, Regional, 
Widespread?) 

x Effects of past avalanches on snow 
stability 

x Daily and seasonal observations 
x Photographic records 
x Probing 
x Height of snow stakes 

 

Is the snow unstable? 

Where is weak snow? 

Where is strong snow? 

Snowpack Properties 

Identify/date the significant weak layer 
Note the slab on weak layers, the strength of 
weak layers, the stiffness of snow above weak 
layers, the strength and stiffness of snowpack, 
the bond of new snow to old snow surface. 
Identify significant layers 

x Average grain size, 
x Grain type, 
x Layer hardness 

Identify significant interfaces 
x Difference in grain size, 
x Difference in hardness, 
x Depth of interface 

Comment on persistence of weak layer 

x Full Profile baseline data to note 
changes of layering over time 

x Compare baseline data to site 
specific test profiles noting 
variation over terrain 

x Field tests: probing, hand tests 
and other quick tests to note 
extent and distribution of layering 

x Use the snowprofile checklist to 
prioritize and note critical 
structural properties. 

 

Observe Weak Layer Fracture Character  

Observe bond of new snow to old surfaces, 
strength and stiffness of snowpack, stiffness of 
snow above weak layer and observe fracture 
character during tests 
 

Small column tests 
x Compression Test w/fracture 

character 
x Shovel Shear Test 
x Deep Tap Test w/fracture 

character 
x Shovel Tilt Test 

Observing The Propagating Crack within the 

Weak Layer 

Once the failure initiation occurs observe the 
propagating crack 
 

Large Column Tests 

x Propagation Saw Test 
x Extended Column Test 
x Rutschblock Tests with WB 

release 
Evidence of shooting cracks, 

whumpfing 

x Natural occurrence 
x From ski, explosive tests 
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Avalanche Activity and Terrain Observation Tools Objective 

Current avalanche activity and 

terrain factors 

Visual indicators of unstable snow 
Location and slope exposure where 
avalanches are running  
x Upper, mid, lower slope 
x Elevation, aspect, incline 
Slope shape and characteristics 
Depth of fracture, width, slope length 
of avalanche path 
Widespread nature of avalanches 
x Isolated, regional, widespread 
Size and destructive potential of 
avalanches 

x Observations, photos of 
natural avalanche occurrences 
x Fracture line snow profiles 
x Ski tests resulting in 
avalanches 
x Explosive tests resulting in 
avalanches 
x Cornice control 
Comparative analysis using info 
from historical records, avalanche 
atlas, photos, anecdotes, 
vegetative clues, estimation, 
comparison to other indicator 
slopes 

Relate terrain and snowpack 

factors to avalanche events: 

 

x Can the terrain produce 

an avalanche? 

 

x Where in the terrain can 

the avalanche be triggered? 

 

x What is the size and 

consequence of an 

avalanche occurring? 

Triggering 

Load required to trigger: light, heavy, 
natural, human, explosive 
Terrain proximity to triggers:  
Remote or on-slope trigger 
x High or low on slope 
x From shallow, rocky, or deeper 
snow 
Loose snow or shallow slab steps 
down to a deeper layer? 
 

x Ski or foot trigger 
x Explosive trigger 
x Cornice drop 
 

 

NotesNotes
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EDUCATION AND PRODUCTS
FOR MAXIMUM PROTECTION

BEING 
PREPARED

We show you how to stay safe – 
in the SAFETY ACADEMY LAB
on ortovox.com
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L I F E  S H O U L D  B E 
A DV E N T U R O U S . 
F I N D I N G  A  G U I D E 
S H O U L D  B E  E A S Y.

Sign up for Hinterlands today and use the promo 
code AIARE to receive $30 off your first booking.

$50 from every AIARE course booked through 
Hinterlands benefits AIARE.

Guides - list your outdoor education 
courses for free on Hinterlands.

Visit us at www.gohinterlands.com
Or reach out to us at hi@gohinterlands.com


