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ABSTRACT:  Our paper focuses on four popular snowpack tests, the Rutschblock Test (RB), Compres-

sion Test (CT), Extended Column Test (ECT), and Propagation Saw Test (PST), reviewing past and 

current stability test research in the context of recent advances in our understanding of dry slab ava-

lanche release. We found that: 1) Not all tests provide the same information with regards to the critical 

stages of avalanche release, namely snowpack layering, failure initiation, and crack propagation, 2) 

Stability test research is challenging, leading to some discrepancies between studies, 3) Each stability 

test has its own advantages, as well as its own limitations 4) Test accuracy should not be the only 

selection criteria, but instead users need to pick the appropriate test to answer the questions they have 

about their snowpack especially with regards to failure initiation and crack propagation. Finally, con-

ducting stability tests is valuable beyond the actual test results. Tests provide an opportunity for slowing 

down our thinking, focusing on the snowpack, and increasing group communication, all of which are 

important for minimizing common decision-making biases. 
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1. INTRODUCTION 
 
Well-placed explosives are the best method for 

assessing the avalanche potential of a slope 

(e.g., inside ski areas, above highways, etc.), but 

using them is not possible or practical in many sit-

uations. An alternative for gathering additional 

snow stability information in these cases is to con-

duct a stability test by isolating a block of snow to 

investigate some processes involved in ava-

lanche release. However, these small-block sta-

bility tests are many orders of magnitude smaller 

than actual avalanches. The scale mismatch be-

tween point-scale stability tests and slope-scale 

avalanches means that small block tests cannot 

adequately capture the processes involved with 

avalanche release. 

 

Recent advances in our understanding of dry-

snow slab avalanche release (Schweizer et al., 

2016) have sharpened our focus on the purpose 

of snowpack tests. Assessing snow stability at a 

point requires knowledge of snowpack layering 

(weak layer and slab properties) and the propen-

sity for failure initiation and crack propagation 

(Reuter and Schweizer, 2018). In essence, we 

are asking: 1) Is there a slab over a weak layer?, 

2) Can we initiate a failure in the weak layer?, and 

3) Will the crack propagate? Crack propagation 

involves both the onset of crack propagation (at 

what critical size will a crack in a weak layer ex-

pand?) and dynamic crack propagation (how far 

will cracks propagate across a slope?). This latter 

propagation stage cannot be answered by our 

available stability tests.  

 

Over three decades of spatial variability research 

definitively demonstrates the wide variability in 

slabs, weak layers, and stability test results at the 

slope scale (e.g., Birkeland (1990); Birkeland et 

al. (2004, 1995); Campbell and Jamieson (2007); 

Guy and Birkeland (2013); Jamieson (1995); 

Kronholm (2004); Kronholm and Schweizer 

(2003); Landry et al. (2004); Logan et al. (2004); 

Lutz (2009); Lutz and Birkeland (2011); Reuter et 

al. (2016); Schweizer et al. (2008)). All of these 

affect snow structure, failure initiation, and crack 

propagation (e.g., Kronholm and Birkeland 

(2005); Kronholm and Schweizer (2003)). Since 

pit and test locations may not be representative 

of trigger points on the slope, point scale assess-

ments can only be roughly extrapolated to the 

slope scale. Still, results indicating instability are 
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clearly valuable. This is why avalanche profes-

sionals always focus on searching for instability 

when assessing avalanche potential (LaCh-

apelle, 1980).   

 

We define stability tests as – quite simply – snow-

pack tests that avalanche professionals use when 

assessing avalanche conditions. These tests are 

not used in isolation, but are one small part of the 

holistic approach taken by avalanche forecasters 

as they weigh various weather, snowpack, and 

avalanche data to assess avalanche likelihood. 

Our paper updates the review by Schweizer and 

Jamieson (2010) and focuses on four commonly 

used stability tests: 1) the Rutschblock Test (RB), 

2) the Compression Test (CT), 3) the Extended 

Column Test (ECT), and 4) the Propagation Saw 

Test (PST). We briefly discuss test development 

before reviewing the research on test effective-

ness, comparisons, and limitations. Our goal is to 

help avalanche professionals better understand 

these tests and how they can most appropriately 

be used for aiding their stability assessments.  

2. TEST DEVELOPMENT 
 
Here we provide a quick synopsis of the develop-

ment of each test. Readers should refer to pub-

lished observation guidelines (Canadian Ava-

lanche Association, 2016; Greene et al., 2022) or 

one of the referenced papers for a more thorough 

test description. Collecting information about one 

or more stages of avalanche release is important 

(Table 1). 

 

 

Table 1: Information on dry-snow slab avalanche 
release provided by the four snowpack tests (from 
Schweizer and Jamieson, 2010). 
 

Test Layering 

(slab-

wkl) 

Failure 

initiation 

Crack 

propaga-

tion 

RB (score 

& release 

type) 

Yes Yes Yes 

 

CT (score 

& FC/SQ) 

Yes Yes 

 

Partly 

ECT Yes Yes 

 

Yes 

PST No 

 

Partly 

 

Yes 

 

 

 

The Swiss Army first used the Rutschblock Test 

(RB) in the 1960s, and Föhn (1987) refined the 

test by identifying seven loading steps and com-

paring them to avalanche activity. The test in-

volves isolating a block 2 m wide by 1.5 m 

upslope and progressively loading the block with 

a person on skis and on foot, ideally on a slope 

stepper than 30°. With the RB the snowpack is 

loaded roughly the same way as a skier-triggered 

slide, and it tests a larger sample than other tests. 

It provides good information at the relevant scale 

about failure initiation (score) and crack propaga-

tion (release type: whole block, most of block, or 

edge of block) (Greene et al., 2022; Schweizer, 

2002; Schweizer et al., 1995). 

 

The larger size of the test makes it more time con-

suming than the other tests, which is likely why 

RBs are not widely used in many countries. RBs 

have only been done in 1% of the 45,000+ 

snowpits in the SnowPilot database (note: 75% of 

SnowPilot pits are from the U.S. and Canada, 

with the remainder from various locations around 

the world). 

 

Parks Canada avalanche forecasters developed 

the Compression Test (CT) in the 1970s (Ja-

mieson and Johnston, 1996; Jamieson, 1999). 

The test involves isolating a 30 by 30 cm block of 

snow, placing a shovel on top of it, and then pro-

gressively tapping the shovel (10 taps from the 

wrist, 10 from the elbow, and the last 10 taps from 

the shoulder). Recent research suggests that the 

amount of force applied by avalanche profession-

als when tapping is reasonably consistent be-

tween observers (Griesser et al., 2023). The CT 

provides information about failure initiation, but 

offers little information on crack propagation pro-

pensity, since the area tested is the same as the 

area loaded. To address this indirectly, research-

ers developed two essentially equivalent sys-

tems: 1) Fracture character (Jamieson, 1999; van 

Herwijnen and Jamieson, 2007, 2004, 2002), and 

2) Shear quality (Birkeland and Johnson, 1999; 

Johnson and Birkeland, 1998, 2002). The CT re-

mains a popular test, with 57% of SnowPilot pits 

being associated with at least one CT. 

 

The Extended Column Test (ECT) was devel-

oped and refined in the U.S. and New Zealand 

(Simenhois and Birkeland, 2009, 2006). An ECT 

consists of isolating a column 90 cm wide by 30 

cm upslope, placing a shovel on one side of the 

column, tapping on the shovel with the same 

loading steps as the CT, and noting if a crack is 

initiated and whether or not it propagates com-

pletely across the column. The ECT provides an 

index for both failure initiation (the number of 

taps) and crack propagation (whether or not the 

crack propagates completely across the column). 

The ECT tests three times the surface area of the 

CT, but its size is still manageable, making it a 

relatively rapid test. However, it only tests an area 

about a tenth of the size of the RB. ECTs are the 

most widely-used test in the SnowPilot database, 
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with at least one ECT being done in 62% of the 

45,000+ total pits. 

Researchers in Canada and Switzerland inde-

pendently performed field experiments on crack 

propagation resulting in the development of the 

Propagation Saw Test (PST) (Gauthier and Ja-

mieson, 2008a, 2006; Sigrist and Schweizer, 

2007; van Herwijnen, 2005). The standard proce-

dure for PSTs in North America is to isolate a col-

umn 30 cm across by 100 cm (or the weak layer 

depth, whichever is greater) upslope, and then 

cut upslope along the weak layer until the crack 

either propagates to the end of the column or ar-

rests (with or without slab fracture) (Canadian Av-

alanche Association, 2016; Greene et al., 2022). 

Depending on slab thickness and critical cut 

length, the common length of 100 cm is too short 

since results are affected by edge effects (e.g., 

Bair et al., 2014). For the onset of crack propaga-

tion, a column length of about three to four times 

longer than the slab thickness or the cut length is 

necessary, while studies focused on slope-scale 

propagation have used columns as long as 10 m 

(Bergfeld et al., 2023b). Additionally, in contrast 

to the North American standards, cutting the ends 

of the column slope normal rather than vertical is 

better suited for application of the data in ava-

lanche models; when done on slopes this config-

uration results in shorter critical cut lengths than 

vertically cut column ends (Bergfeld et al., 

2023a). The PST provides a method for focusing 

entirely on crack propagation propensity. The 

tester needs to know the critical weak layer, often 

found by doing an ECT or CT first. The triggering 

mechanism is different because the critical crack 

length is not reached by additional loading, but in-

stead by introducing an artificial crack. Since test-

ers need to know the weak layer, properly pre-

pare the column, and keep the saw exactly in the 

layer while cutting, the PST takes more skill than 

the other tests. Around 10% of SnowPilot pits are 

associated with a PST.  

3. STABILITY TEST EFFECTIVENESS 
AND COMPARISONS  

 
Evaluating and comparing the effectiveness of 

stability tests is challenging. Research results dif-

fer because studies use different slope stability 

definitions, test effectiveness metrics, and ob-

server groups. Study locations and snowpacks 

also affects result. Finally, an enormous amount 

of well-documented spatial variability (Schweizer 

et al., 2008) complicates assessing test effective-

ness. In the end, though test effectiveness is im-

portant, observers must choose the best option 

for assessing snowpack layering, failure initiation, 

and crack propagation for the snowpack they are 

assessing.  

A wide variety of research has assessed the RB, 

CT, ECT, and PST (e.g., Birkeland and Si-

menhois, 2008; Föhn, 1987; Gauthier and Ja-

mieson, 2008b, 2008a, 2006; Jamieson, 1999, 

1995; Moner et al., 2008; Sigrist and Schweizer, 

2007; Simenhois and Birkeland, 2009, 2006). 

Much work utilizes contingency tables, where as-

sessed slope stability is compared to the test re-

sults (Table 2). Contingency tables require: 1) A 

stability test giving a binary result (stable/unsta-

ble), and 2) An unambiguous slope stability as-

sessment. Both of these require judgements and 

assumptions. Further, some techniques for deter-

mining slope stability have relied, either implicitly 

or explicitly, on the stability tests being evaluated. 

For example, for part of their analyses, Simenhois 

and Birkeland (2009) relied on user-reported 

slope stability even though that stability was rec-

orded after they performed their stability test. 

Winkler and Schweizer (2008; 2009) divided 

slopes into stable and unstable categories based 

on three criteria, one of which was the profile clas-

sification (Schweizer and Wiesinger, 2009) which 

includes the RB result. Any reliance on test re-

sults to assess slope stability leads to bias, a fact 

readily acknowledged by both of these studies. 

 

 

Table 2: Researchers often use contingency ta-
bles to assess stability tests.  The performance of 
the test (unstable/stable result) is compared 
against the so-called “true” stability of the snow-
pack (unstable/stable slope).  A variety of metrics 
(see below table) can be calculated from these 
different categories of correct predictions and 
misses. These metrics can help us deal with un-
balanced datasets and identify the source of er-
rors, such as a test with a high false stable rate 
may not be a desirable test.   
 

  Slope stability 

 

  Unstable Stable 

Stability 

test re-

sult 

Unsta-

ble 

True un-

stable 

False un-

stable 

Stable False sta-

ble 

True sta-

ble 

 

POD (Probability of detection) = (True unsta-

ble)/(Total unstable slopes) 

PON (Probability of a null event) = (True sta-

ble)/(Total stable Slopes) 

FAR (False Alarm Ratio or False Stables) = 

(False stable)/(Total Unstable Slopes) 

POFD (Probability of False Detection) = (False 

unstable)/(Total Stable Slopes) 

UAA (Unweighted average accuracy) = (PON + 

POD)/2 

TSS (True Skills Score) = POD – POFD 
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Schweizer and Jamieson (2010) addressed some 

inconsistencies between studies by applying the 

same analyses to several original datasets. They 

found a higher unweighted average accuracy 

(UAA) for the ECT than the other tests, but they 

also found that comparisons within specific data- 

sets suggested reasonably comparable results 

for the ECT, PST, and RB, with the CT being less 

accurate. Ross and Jamieson (2012) found the 

ECT had a higher True Skill Statistic (TSS) than 

the other tests. 

 

Techel et al. (2016) compared the ECT to the RB 

and used an unbiased technique for rating slope 

stability based entirely on obvious signs of insta-

bility. They combined the RB degree and release 

type, using them to categorize results as unsta-

ble, intermediate, or stable, and conducted two 

ECTs each time. With regard to repeatability of 

side-by-side ECTs in the same snow pit, they re-

ported in 21% of cases that one ECT propagated 

and the other did not, thus yielding contradictory 

results. When comparing ECTs to RBs (not con-

sidering the contradictory ECT pairs), they re-

ported an accuracy of 80% for the RB, 72% for 

two ECTs, and 68% for one ECT. While the gre-

ater test accuracy of the RB compared to ECT 

pairs was not significant (p=0.09), it was signifi-

cant compared to single ECT (p<0.01). More re-

cently, Techel et al. (2020b) developed a four-

class stability rating for the ECT by comparison 

with the existing RB classification scheme. They 

analyzed a large Swiss dataset, and found – in 

general – that the RB discriminates somewhat 

better than the ECT. They suggested that the 

crack propagation propensity is the most relevant 

ECT result and that the loading step required to 

initiate the failure is less indicative for stability as-

sessment. 

 

Marienthal et al. (2023) analyzed a dataset col-

lected entirely by avalanche professionals (n = 

561) and the larger SnowPilot dataset (n = 3,313) 

to compare ECTs, PSTs, and CTs. They found 

that ECTs and PSTs performed similarly for ava-

lanche professionals, and that CTs had a much 

lower unweighted average accuracy due to ex-

cessive false unstable results. With the larger and 

more diverse SnowPilot data, the ECT performed 

better than the PST. This may be because the 

broader pool of SnowPilot users is less proficient 

at conducting PSTs, thereby negatively affecting 

PST performance. 

 

Clearly, the combination of various error sources, 

varying definitions of slope stability, and differ-

ences in snowpacks, make it challenging to di-

rectly compare results from different studies, 

making within-study comparisons the most valu-

able for assessing test differences (Techel et al., 

2020b). Defining a “best” test may not be possi-

ble, but the research suggests that the RB, ECT, 

and PST (and, to a lesser extent, the CT) are all 

valuable tests as long as observers fully under-

stand their limitations.  

4. STUDY AND TEST LIMITATIONS 
 

Almost all stability test research points out several 

possible error sources, including potential mis-

classifications of slope stability, the relatively 

crude field methods, challenges identifying the 

most critical failure layer, and the spatial varia-

tions in test results caused by variations in slabs 

and weak layers (e.g., Schweizer and Jamieson 

(2010); Techel et al. (2020b)). Other limitations 

affect the various tests differently.  

 

Minimum slab depths – For valid RB results the 

skier penetration must be less than the slab 

depth. None of the other tests have a specific 

minimum depth requirement. Some work on soft 

slabs suggested ECTs would not be effective with 

slab depths < 30 cm (Ross and Jamieson, 2008), 

but other research documents that ECTs are ef-

fective for quite shallow slabs, especially if the 

slabs are hard (Simenhois and Birkeland, 2009; 

Winkler and Schweizer, 2008). Hoyer et al. (2016) 

analyzed over 5000 ECTs and found that 25% of 

ECTPs had slab depths < 30 cm. Ultimately, the 

minimum slab depth is a function of the properties 

of the slab and weak layer.  

 

Maximum slab depths – It may be difficult to initi-

ate a failure in the CT, ECT, and RB when slab 

depths exceed about 1 m, though the exact max-

imum depth will depend on slab characteristics. 

Some work suggested that the upper limit of slab 

depths for ECTs is 70 cm (Ross and Jamieson, 

2008), but other researchers reported valid re-

sults up to 1 m or even 1.2 m depending on the 

characteristics of the slab (Hoyer et al., 2016). 

The PST is a good option for evaluating the prop-

agation propensity of weak layers buried so 

deeply that they are difficult to crack with the other 

tests. 

 

Intermediate results - Simenhois and Birkeland 

(2009) suggested that the key piece of infor-

mation from an ECT is whether or not it propa-

gates, a result confirmed by Techel et al. (2020b). 

Others suggested that the applicability of the ECT 

could benefit from the introduction of intermediate 

results (Techel et al., 2020a, 2016; Winkler and 

Schweizer, 2009). Techel et al. (2020b) proposed 

categories that provide a more nuanced view of 

test results (Figure 1). Often, however, simply dif-

ferentiating between an ECTP and an ECTN will 

be indicative enough. Marienthal et al. (2023) did 
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not find an appreciable difference in the perfor-

mance of the ECT when comparing Techel et al.’s 

(2020b) categories to the simpler ECTP vs ECTN. 

The PST, currently graded as stable/unstable 

based on whether the critical cut length is less 

than half the column length, might also benefit 

from some intermediate categories. 

 

Slope angle dependence – Field-based research 

shows that ECT and CT results do not change 

dramatically with changing slope angle as long as 

the snowpack does not differ (Bair et al., 2012; 

Birkeland et al., 2014, 2010; Heierli et al., 2011). 

Similarly, cut lengths for PSTs with vertically cut 

column ends do not vary much with changing 

slope angle (Gauthier and Jamieson, 2014), but if 

column ends are cut slope normal then results will 

vary with different slope angles due to the in-

creasing amount of snow overhanging the crack 

tip (Bergfeld et al., 2023). RB research suggests 

a modest slope angle effect (Jamieson and John-

ston, 1993), though no adjustment for slope angle 

is needed when tests are performed on 30-40° 

degree slopes (Schweizer, 2002).  

 

Time required to conduct a test – The RB test re-

quires more digging than the other tests. ECTs, 

PSTs, and CTs are all reasonably fast, especially 

when cut with cords. PSTs conducted on deeply 

buried weak layers take more time, both because 

of the depth and the additional column length re-

quired, but they may be the only good option for 

testing those deep layers. Since conducting mul-

tiple tests can help to assess the spatial variations 

of weak layer and slab properties, several rapid 

tests may be more useful than one slower one. 

 

Prior knowledge of the critical weak layer – The 

RB, CT, and ECT do not require prior knowledge 

of the critical weak layer. Indeed, a primary pur-

pose of these tests is identifying critical layers. On 

the other hand, the PST requires the tester to 

know which weak layer to test, and to keep the 

saw exactly within that layer while cutting. PSTs 

require more skillful observers. 

 

Test size – Stability tests are orders of magnitude 

smaller than avalanches and thus all suffer from 

edge effects. This is particularly true for the 

smaller tests, something that might be reduced by 

using longer columns for ECTs and PSTs (Bair et 

al., 2014). Bair et al. (2014) investigated beam 

lengths up to 7 m with ECTs and PSTs and 

Bergfeld et al. (2023) utilized 10 m PSTs for their 

research, but it’s unclear if longer beam lengths 

could be helpful for practical field tests. Longer 

beams propagate to end less frequently than 

shorter tests when they are both conducted in the 

same pit (Bair et al., 2014). Bair et al. (2015) 

tested the usefulness of conducting 2 m ECTs 

side-by-side with standard ECTs. They found that 

both tests propagating in the same pit clearly in-

dicated instability, but that assigning results with 

a standard ECTP and a 2 m ECTN into the “sta-

ble” category was subject to unacceptably high 

false-stable errors.  

 

Tests ¹ Avalanches – Finally, it’s important to re-

member the obvious: stability tests are not ava-

lanches. Because they are small, they cannot 

represent all the processes occurring during ava-

lanche release, in particular the slope-scale dy-

namic propagation process. From a research per-

spective, they can help us better understand 

some of the processes occurring during ava-

lanche release (e.g., the use of PSTs for re-

searching crack propagation propensity (Bergfeld 

et al., 2023b; Bergfeld et al., 2022; Bobillier et al., 

2020, 2018; Gaume et al., 2018, 2015; Trottet et 

al., 2022; van Herwijnen et al., 2016)). From a 

practical perspective, stability tests provide valu-

able information, but results must always be 

viewed with appropriate caution and skepticism 

and a full understanding of test limitations. 

5. CONCLUSIONS 
 

Stability tests provide important data for stability 

evaluations during times of conditional stability. 

However, no tests provide a definitive “go/no go” 

result. With accuracies of around 80%, tests are 

obviously not reliable enough to bet your life on 

them. For all tests, some stable results are still 

associated with avalanche activity. Thus, as-

sessing avalanche likelihood requires a holistic 

approach that integrates test results with snow-

pack, weather, and avalanche data. If obvious 

signs of instability exist – such as recent ava-

lanches, propagating cracks, or whumpfing – sta-

bility tests are unnecessary (except to check lay-

ering) since the snowpack is clearly unstable. 

  

We focused on four popular snowpack tests, the 

Rutschblock Test (RB), Compression Test (CT), 

Extended Column Test (ECT), and Propagation 

Saw Test (PST). Each test has their own 

strengths.  While the RB and the ECT are the only 

two tests that provide information on layering, fail-

ure initiation and crack propagation, the PST is 

primarily indicative of crack propagation.  The CT 

is well suited to find weak layers, but crack prop-

agation propensity can only be indirectly as-

sessed by fracture character or shear quality. 

Test accuracies vary substantially between stud-

ies, but ECT, PST and RB are in a similar perfor-

mance range, while the CT is somewhat less ac-

curate due to its high rate of false unstables. How-

ever, test accuracy should not be the only selec-

tion criteria, but instead users need to pick the ap-

propriate test to answer the questions they have 
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about their snowpack especially with regards to 

failure initiation and crack propagation. We sug-

gest the following: 

 

- ECTs are a good option in many situations, 

and are useful for both experienced and inex-

perienced testers. They can be done rela-

tively quickly, interpreted fairly easily, and 

provide valuable information on layering, ini-

tiation, and propagation.  

- If you have enough time and want a test that 

will give an intuitive “feel” for initiating an av-

alanche, a RB is a good option. RBs that in-

clude release type provide information on 

snowpack layering, crack initiation, and crack 

propagation, and they test a much larger area 

than other tests.  

- PSTs are useful if you know the critical weak 

layer, you are experienced doing the tests, 

and you want to focus on crack propagation. 

They are especially useful for deeply buried 

weak layers that cannot be easily assessed 

with other tests, but in these cases you must 

be sure to test longer columns. Some re-

search suggests the effectiveness of PSTs is 

less than other tests, but other work indicates 

that its effectiveness is roughly on par with 

the RB and ECT.  

- CTs are useful for identifying potential weak 

layers, investigating near-surface weak-

nesses and new snow instabilities, and when 

you want a rapid test focusing on crack initia-

tion. 

- Avalanche professionals should consider us-

ing more than one type of test since each one 

provides somewhat different information 

about snowpack layering, failure initiation, 

and crack propagation. If several different 

tests indicate instability, it is more likely that 

the snowpack is unstable. 

 

Finally, we must not overlook another way that 

stability tests are helpful. Slowing down the deci-

sion-making process helps us make better, less 

biased decisions (Kahneman, 2011). One excel-

lent way to slow things down in the backcountry 

is to do a stability test. Thus, conducting any of 

these tests provides not only valuable snowpack 

information, but it also slows things down, im-

proves group communication, and helps focus 

the group on snow stability.  
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