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For the ECT we plotted the results
(propagation or non-propagation) on the grid and
assessed changes in the spatial pattern. We used
two methods to address this issue: Moran'’s |
(Moran, 1948; Fischer et al., 1996) and a Modified
Ripley’'s K (Ripley, 1981; Cressie, 1993) using a
Monte Carlo simulation. More details on the ECT
analysis methodology can be found in Hendrikx et
al. (submitted).

4. RESULTS

4.1 Results from Montana, USA

Aspects of the fracture propagation (ECT)
data from the two sites in Montana have been
more thoroughly described in Hendrikx et al.,
(submitted). However, the following section
provides a short overview and highlights the most
pertinent issues for this paper.

The ECT data at both Montana sites
showed considerable spatial variability in terms of
propagation (ECTP) and non propagation (ECTN).
Interestingly, on the first day at both sites we
observed a random distribution of fracture
propagation potential results (as defined by the
Moran’s and Ripley’s K analysis), while on the
second sampling day for both sites we observed
evidence of increased spatial clustering at the
scale of our observations. The mean fracture
initiation value for ECTP results, as defined by
either the drop height in cm (Beehive) or the
number of taps (Cedar) showed an increasing
trend between day 1 and day 2 at both sites, but
was only significantly different at Cedar (P value =
0.0058, N = 6 & 8, Note the very small sample
size). The standard deviation for ECTP at Beehive
remained unchanged at 17cm, but at Cedar
increased from 2.9 to 5.9 taps.

When we consider the fracture initiation
(SB or CT) data at both sites we also observe
temporal changes in the results from day 1 to day
2. The mean drop height for the SB data at
Beehive went from 25cm (day 1) to 28cm (day 2)
and the standard deviation in drop height
increased from 10cm (day 1) to 16cm (day 2). At
Cedar the mean number of taps increased from
8.9 (day 1) to 13 (day 2), while the standard
deviation remained about the same (from 7.2 to
7.0). Table 1 provides a summary of the ECT, SB
and CT results for both days at Beehive and
Cedar. None of these observed temporal changes
in the fracture initiation results differed sufficiently
to be statistically significant.
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4.2 Results from Canterbury, New Zealand

The ECT data on both days at the Broken
River site showed consistent, non-spatially
variable results with all but one test resulting in an
ECTN result. As only one of the 24 tests resulted
in an ECTP, we did not undertake a more
thorough temporal variability analysis of the ECT
results using Moran'’s or the Ripley’s K analysis.

When we consider the fracture initiation
(CT) data at this site we observe statistically
significant temporal changes in the mean results
from day 1 to day 2. The mean number of taps
increased from 13.8 (day 1) to 19 (day 2) (P value
=0.0006, N = 12, Note the small sample size),
while the standard deviation in taps also increased
from 2.5 (day 1) to 3.7 (day 2). Table 1 provides a
summary of the ECT and CT results for both days
at Broken River.

5. DISCUSSION

In contrast to previous fracture
propagation test research (Simenhois and
Birkeland, 2006; 2007), our data from Montana (as
presented in Hendrikx et al. (submitted))
demonstrates considerable spatial variability in
fracture propagation potential. However, the data
from Broken River is much more similar to the
findings of previous work, showing consistent
results. Where a spatial pattern in propagation
was discernable (Beehive and Cedar), we
observed evidence of increased spatial clustering
over time at the scale of our observations
(Hendrikx et al., submitted).

It is unclear why the spatial variability of
ECT results differs so much between sites.
However, these differences may be related to the
processes responsible for the instability. In the
case of Broken River, rain saturated the snowpack
the week before sampling, followed by freezing
temperatures. Subsequently a short period of light,
low density snowfall occurred followed by higher
density storm snow. The CT reliably fractured at
the interface of this lower density snow and the
overlying higher density storm snow. We
hypothesize that the low spatial variability in the
ECT results at the Broken River site are the result
of the homogenizing influence of the rain and
subsequent refreezing. Essentially this process
provided a “clean slate” and the only variability
remaining was then in the new low density snow
and subsequent changes with additional storm
snow.
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Table 1: Summary of test results for the Extended Column Tests (ECT), Stuffblock (SB) tests and
Compression Tests (CT) for the two days at each of the three sites. Beehive and Cedar are situated in
Montana, USA, while Broken River is in Canterbury, New Zealand.

Site SB/or CT | Mean SB Std Dev SB | ECTP Mean ECTP | Std Dev
Count drop height | drop height | Count drop height | ECTP drop
(cm)/orCT | (cm)/or CT (cm)/or height (cm)
(Taps) (Taps) Taps / or Taps
Beehive Day 1 34 of 35 25cm 10 cm 23 of 35 42 cm 17 cm
Beehive Day 2 34 of 35 28 cm 16 cm 20 of 35 50 cm 17 cm
Cedar Day 1 16 of 16 8.9 Taps 7.2 Taps 8 of 16 5 Taps 2.9 Taps
Cedar Day 2 16 of 16 13 Taps 7.0 Taps 6 of 16 14 Taps 6.9 Taps
Broken River 1 | 12 of 12 13.8 Taps 2.5 Taps 1of 12 22 Taps N/A
Broken River 2 | 12 of 12 19 Taps 3.7 Taps 0of 12 N/A N/A

Conversely, Montana’s more complex
snowpack had not undergone any significant
homogenizing influence (such as rain). As such
the spatial variability observed in the ECT data
was much greater, possibly due to other
parameters which vary more across aspect and
slope (e.g. ground cover, radiation and wind).

As expected, there is an increasing trend
in the test scores for the ECT, CT or SB from day
1to day 2 (Table 1). In addition, in most cases
there is also an increase in the standard deviation
of the drop height or number of taps from day 1 to
day 2 (Table 1). The increasing trend in standard
deviation suggests that the spatial variability of
fracture initiation increases over time unless there
is a homogenising influence to remove this
instability (e.g. rain and refreezing). Our limited

data support the hypotheses put forth by Birkeland

and Landry (2002) about changes in spatial

variability through time and are consistent with the

increasing variability in shear test results for a
specific persistent weak layer observed by Logan
et al. (2007).

The results presented here and by
Hendrikx et al., (submitted) build on those
presented by Logan et al. (2007) and are among
the first to statistically demonstrate temporal
changes in snowpack spatial variability at the
slope scale. However, our conclusions should be

viewed with appropriate scientific scepticism since

they are based on a small data set. In order to
definitively address the question of temporal
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changes in spatial patterns, much more work is
needed on many slopes with varying weak layers
and snowpack conditions. We plan on collecting
additional data to try to confirm our findings, and to
present some of those data at ISSW in
September.
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