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Where to dig? — On optimizing sampling strategy

Jurg Schweizer and Sascha Bellaire*
WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland

ABSTRACT: Snow slope stability evaluation is often based on a single test location within a slope.
However, we know that snow cover properties and stability may vary at the slope scale. Reliably esti-
mating the slope scale variability requires many samples, probably up to 100. As this is unpractical, it
has been proposed to do at least two tests — about 10 m apart — on a given slope. In addition, if small
column stability tests are used (such as the compression test), it seems reasonable to perform two
tests at each of the two locations. Differences between the two tests at one location allow one to as-
sess the small scale variability (and/or the test uncertainty), whereas differences between the pairs at
different locations may hint at the slope scale variability. We analysed 22 slopes each with four pairs
of stability tests. In 61-73% of the cases the two stability tests at a specific location provided consistent
results. Comparing the different sampling locations on a given slope (~10 m apart) showed that in
many cases (59-75%) differences between sampling locations were rather small. Based on our analy-
sis, we suggest an interpretation scheme and an adjusted sampling procedure.
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1 INTRODUCTION Schweizer et al., 2008). Furthermore, perform-

ing two tests side by side at one location can

Information on snowpack instability is crucial
for assessing avalanche risk in backcountry
operations as well as for operational forecasting
of the regional avalanche danger. Manual ob-
servations of snow stratigraphy combined with
stability tests are presently the method of choice
— in absence of obvious signs of instability.
These measurements are time consuming and
sometimes dangerous for the field crew. Conse-
quently, theses snow stability data are available
only with low resolution in space and time. In the
future, simulated snow stratigraphy data may
complement manual observations (e.g. Schirmer
et al., 2009). In addition, snow cover properties
are spatially variable at various scales which
affects the avalanche release probability and, in
particular, questions the validity of single meas-
urements. However, reliably measuring slope
scale variability is too time consuming as a large
number of measurements is required — even if
using, for example, a snow micro-penetrometer.

Accordingly, it has been proposed (e.g.
(Birkeland and Chabot, 2006) to do a second
observation at a representative site beyond the
correlation length from the first test and choos-
ing the least stable of the two test results. As the
correlation length is unknown, at least about
10 m have been proposed as the distance be-
tween two tests (Jamieson and Johnston, 1993;
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significantly decrease the uncertainty of test
results and may indicate the small scale variabil-
ity (0.1 =1 m).

As independent estimates suggest that the
critical size for a self-propagating fracture is on
the order of 1 — 10 m (Schweizer et al., 2003) it
can be assumed that a fracture can propagate
(and avalanche release is possible) if at one of
the two test (~10 m apart) locations initiation is
possible. On the other hand, significant varia-
tions at the scale of 0.1 —1 m rather indicate
conditions unfavourable for fracture propagation.

The aim of the present study is to evaluate
whether performing two pairs of tests about
10 m apart improves our ability to predict snow
slope stability.
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Fig. 1: Measurement set-up. At four locations
on a slope, about 10-15 m apart, 2 compres-
sion tests (CT) were performed.
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2 DATA

We analysed compression test (CT) results
from 22 slopes located above tree-line in the
vicinity of Davos (Switzerland). The elevation of
the test slopes was about 2400 m a.s.l. and the
mean slope angle was 25°. About half of the
slopes had northerly, the other half mainly
south-westerly aspect. On each slope, four pairs
of CTs were performed. Locations where two
adjacent tests were done, were about 10-15m
apart (Fig. 1). These data were collected during
the winters 2006-2007 to 2008-2009 in the
course of a spatial variability study (Bellaire and
Schweizer, 2008). On each slope, we also ob-
served snow stratigraphy so that failures in CTs
could be assigned to a specific layer boundary.
Occasionally, the stratigraphy was too variable
and the failure depth found with the CT could
not be related to a corresponding depth in the
manual snow profile.

3 METHODS

Compression tests were performed accord-
ing to Jamieson (1999). The loading step at
failure, failure depth and fracture character (van
Herwijnen and Jamieson, 2007) were recorded.
On 18 out of 22 slopes multiple failures oc-
curred, i.e. the CT indicated several potential
weak layers.

For assessing the variability within pairs as
well as between pairs we considered (1) the CT
score and the failure depth, and (2) the fracture
character and the failure depth. Within a pair, we
considered the two CTs as similar if (1) the dif-
ference in CT score was <2 for scores <20
(and < 4 for scores 20 and larger) and the same
weak layer showed up, and (2) if the tests had
similar fracture character and the same weak
layer showed up. Similar fracture character
meant that the fracture character was (a) either
sudden planar (SP) or sudden collapse (SC), or
(b) one of the following three types: progressive
collapse (PC), resistant planar (RP), or break
(B).

For comparing the CT score between pairs
we considered the mean score. When checking
whether the same failure layer showed up in a
pair 10 — 15 m apart, it was sufficient for similar-
ity that the same weak layer showed up in at
least one of the two tests. In other words, we
simply wanted to know whether the weak layer
also existed 10 — 15 m away from the first sam-
pling location.

Two pairs could be similar, even if the CTs
within a pair were different — and of course vice
versa.

We rated each pair in terms of stability. If the
mean CT score for the first sudden failure was

<13, we estimated the stability as ‘poor’, for CT
score > 20 as ‘good’, and ‘fair’ else.

4 RESULTS

On each of the 22 slopes, we assessed the
within pair variability for the four locations, and
the between pairs (slope) variability for the six
combinations existing between the four pairs.

Considering the CT score, within pair vari-
ability was found in 34 cases (39%). The frac-
ture character was less variable and agreed in
64 out of the 88 pairs (73%). Sudden failures
dominated.

At the slope scale, the pairs (10—-15m
apart) were judged as similar in 78 out of 132
cases (59%), if the CT score was considered.
For the CT fracture character, a somewhat
higher agreement was found (75%).

Considering the stability rating, 42% of the
pairs were rated as ‘poor’, 42% as ‘fair’, and the
remaining 16% were rated as ‘good’. For the
pairs rated as ‘fair’, in 32% of the cases the sec-
ond pair was rated as ‘poor, i.e. the sampling at
the first location overestimated stability.

In general, the agreement between pairs
was 61%. In the other 51 cases, one of the pairs
was either rated as ‘poor’ and the other as ‘fair’,
or alternatively as ‘fair’ and ‘good’. No combina-
tion with a pair rated as ‘poor’ and the other on
the same slope as ‘good’ occurred (which would
have indicated large slope scale variation).

5 INTERPRETING SLOPE STABILITY

Obviously, performing two pairs of tests pro-
vides additional information. However, how this
information should be interpreted is not clear, in
particular if test results differ at the small scale
(=1 m) and/or the large scale (~10 m). Very simi-
lar results, i.e. similar within pairs as well as
between pairs, were only found in 27% if the CT
score was considered and in 48% if the fracture
character was considered. In about two thirds of
these cases at least one of the pairs was rated
as ‘poor’. On the other hand, very different re-
sults, different within as well as between pairs,
occurred in only 10 cases for the CT score and
6 cases for the fracture character. In about 90%
of these cases at least one pair was rated as
‘fair’. In other words, in <10% variability existed
at the small as well as the large scale suggest-
ing rather stable conditions. In the large majority
of the cases, however, ‘some’ variability was
found.

In principle, six possible situations exist: (1)
no within and no between pairs differences: ssS;
(2) no within pairs differences, but the pairs are
different: ssD; (3) difference within pairs, but no
difference between the pairs: ddS; (4) differ-
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Tab. 1: Variability situations, their frequency separately for CT score (CT) and CT fracture charac-
ter (FC) and a possible interpretation (see text for explanations).

Situation Frequency Variability Initiation  Propa- Stability interpretation (depending
CT FC gation on CT score (sudden fracture)
ssS 35 64 no possible likely ‘poor’, ‘fair’ or ‘good’
ssD 12 8 slope scale possible likely ‘poor’, ‘fair’ or ‘good’
ddS 7 5 small scale (con- rather rather ‘fair’ or ‘good’
sistent) unlikely  unlikely
ddD 10 6 small scale and rather rather ‘fair’ or ‘good’
slope scale unlikely  unlikely
sdS 36 30 some smallscale possible likely ‘poor’, ‘fair’ or ‘good’
sdD 32 19 some small scale possible possible ‘poor’, ‘fair’ or ‘good’

and slope scale

ences within and between pairs: ddD; (5) one of
the pairs shows within pair variability, but the
pairs are similar: sdS; (6) one of the pairs shows
within pair variability and the pairs are different:
sdD. Table 1 attempts to interpret these situa-
tions of differing variability.

6 CONCLUSIONS

We explored the value of a simple sampling
scheme that attempts to capture the small
(~1 m) as well as the large (slope) scale variabil-
ity (~10 m). Considering the two essential ava-
lanche release processes: initiation and propa-
gation, we suggest the following procedure. If at
a sampling location on a slope two stability tests
show similarly low scores and sudden fractures,
no further sampling is required. However, if ei-
ther the two scores are similar and indicate
rather ‘fair’ or ‘good’ stability, or the two scores
are different, a second pair of tests on the same
slope about 10 m beyond the first sampling loca-
tion can be useful. If at the second location simi-
larly low scores are found, stability is expected
to be rather ‘poor. If as well intermediate
scores, dissimilar scores or a different weak
layer are encountered the stability is at least
‘fair’, and in the case of consistent small scale
variability maybe even ‘good’.

When stability was rated as ‘poor’, less vari-
ability was found. Also, the fracture character
was less variable than the CT score.

For our dataset, proceeding to a second
sampling location about 10 m apart would have
been necessary in about 58% of the cases. In
about two thirds of the cases, results at the sec-
ond location would have confirmed the findings
at the first location. In other words, in about 20%
of all cases the results at one location overesti-
mated stability — which is obviously not desired.
Accordingly, if no instability was found at the first
sampling location, a second pair of measure-
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ments can clearly reduce the number of false-
stable predictions.
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