SNOW SCIENCE

COMPARING EXTENDED COLUMN TEST RESULTS TO SIGNS
OF INSTABILITY IN THE SURROUNDING SLOPES

Exploring a large international data set

BY FRANK TECHEL, KARL BIRKELAND, DOUG CHABOT, JIM EARL, IVAN MONER, RON SIMENHOIS

Since its introduction in 2006, the Extend-
ed Column Test (ECT) has become one of the
most popular tests to assess point snow instabil-
ity. In 2009, two studies explored how ECT re-
sults correlated to observed instabilities, laying
the foundation for the tests’ interpretation we are
using today. Based on data from the first winters,
Ron Simenhois and Karl Birkeland showed that
ECTVs and ECTPs were typically observed when
conditions indicated instability, while ECTNs and
ECTXs were mostly observed on stable slopes (for
ECT scoring abbreviations refer to observational
guidelines [Greene et al., 2010]). This continues
to be the standard for interpreting ECTs in the
United States. In Switzerland, Kurt Winkler and
Jurg Schweizer noted that ECTP=<21 detected a
large proportion of unstable slopes correctly while
keeping the number of false alarms low. Again,
ECTNs or ECTXs were more frequently asso-
ciated with stable slopes in their study. In Swit-
zerland, this 1s the operationally used approach to
classify ECT results.

Now, more than ten years later, the ECT is a
well-established test internationally. The time is
right to revisit these stability interpretations, as re-
cently done using Swiss data (Techel et al., 2020),
by combining ECTs from North America (mostly
from the U.S.), Spain, and Switzerland.

WHAT DATA DID WE USE?

We explored several snow profile databases from
snowpilot.org,Val d’Aran (Spain) and Switzerland.
We only included backcountry snowpit profiles
with ECT results and information about the pres-
ence or absence of clear signs of instability. In to-
tal, we had:

+ 2579 ECTs from snowpilot.org, with
about 90% from U.S. (snowpilot.org is
open to the public)

* 167 ECTs from Val d’Aran / Spain, with
profiles mostly collected by forecasters and
observers

* 1,226 ECTs from Switzerland, with pro-
files observed by researchers and field ob-
servers

These ECTs are therefore just a small subset of

the more than 30,000 combined ECTs in these
databases.

HOW DID WE ANALYZE THE DATA?

For each ECT, if more than one failure was in-
dicated we used the following rules to decide
which result was the most relevant for stability
assessment:

1. Ifan ECTV or ECTP failure was recorded:
we considered the lowest number of taps
required for full propagation.

2. If full propagation was not observed, we
considered the lowest number of taps asso-
ciated with the ECTN or ECTX.

If there were several ECT results in the same
snow pit, we randomly picked one. This provided
us with a dataset of almost 4,000 ECT results.
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Figure 1: Proportion of unstable ECT locations for each
combination of fracture propagation and number of taps
until failure. The larger the symbols, the more data points.
The respective colored lines represent a running average,
calculated over five consecutive number of taps. The black
dashed line represents the base rate, the proportion of
unstable locations in the data set. ECTP (red triangles)
were observed more often in unstable locations (above
the black dashed line), ECTN (yellow circles), and ECTX in
stable locations. The proportion of unstable locations for
ECTP>22 and ECTN<8 neither truly indicated unstable or
stable conditions.

We classified the stability of each ECT
location by relying on observed signs of
instability in its surroundings.

We considered ECT locations to be unstable
when signs of instability (such as cracking or col-
lapsing) or recent avalanches were observed in
surrounding slopes. If observers clearly stated that
neither signs of instability nor recent avalanches
were present, or if they indicated that the slope in
question was skied or snowmobiled (in the U.S)),
we considered these locations to be stable. In our
dataset 32% of the ECT locations were classified
as unstable and 68% as stable. These are our base
rates, and we will compare the results of the tests
to these base rates.

For those of you interested in a little more in-
formation on our analyses, read this paragraph. If
you are not interested, feel free to skip to the next
section.

For a more scientific and detailed description,
we refer you to Techel et al. (2020). In short, for
each combination of ECT results (whether or not
it propagated and the number of taps), we cal-
culated the proportion of tests associated with
observations of instability. To smooth the scatter
in our results, we calculated a running mean of
the proportion of unstable observations for five
consecutive numbers of taps. We then asked: Is the
proportion of unstable slopes of a specific ECT
result (propagation and number of taps) signifi-
cantly higher (or lower) than our base rate (0.32)?
If the proportion unstable was higher than the
base rate, the respective ECT result (propagation
and number of taps) was clearly observed more
often in unstable locations, confirming this result
was more commonly associated with unstable
conditions. If the proportion unstable was lower
than the base rate (0.32) then those results cor-
related more often with stable conditions. Values
that were not significantly different from the base
rate were interpreted as neither truly unstable nor
stable.

WHAT DID WE FIND?

Quite clearly, ECTVs and ECTPs are observed
more often on unstable slopes (red line in Figure
1 located above the base rate, represented by the
dashed black line), while ECTNs and ECTXs are
observed more commonly on stable slopes (yellow
line located below the base rate) (Figure 1). Further,
ECTs with a higher number of taps tend to
be more stable. ECTPs with less than 14 taps
were the most unstable, with about 60% of
those tests being associated with avalanches
or signs of instability. This is about double the
number of locations associated with avalanches or
signs of instability in our entire dataset (the base
rate). While still clearly on the unstable side of the
base rate, the proportion of unstable locations de-
creases with more taps, even with an ECTP result.
‘When more than 22 taps are necessary to initiate
a fracture in an ECTP, the proportion of unstable
slopes was not significantly higher than the base
rate, indicating that such results might be linked to
something like “intermediate” stability. We note a
similar result for ECTN=8, while ECTN>8 was
clearly linked to stability.

INTERPRETING THE FINDINGS

In a perfect world, we would know absolutely
whether a slope can be triggered or not. However,
in reality, all studies exploring stability tests—in-
cluding this one—must use other observations to
infer slope stability. If the slope stability rating is
wrong, which is inevitable for at least part of our
data, then the test accuracy drops. For example, in
our study we likely had at least some cases where
observers did not see any signs of instability but
the snowpack was still unstable and avalanches
could be triggered. Similarly, there are also likely
cases where observers noted signs of instability on
nearby slopes, but the slope being tested was in fact
stable. These situations lead to a misclassification of
the slope stability and have the potential to lower
the correct classification by the stability test being
evaluated. However, while these cases influence
absolute values, it does not influence the observed
patterns in Figure 1. We can see this when we com-
pare our much smaller Spanish data set, which was
thoroughly quality-checked by the forecasters in
Val d’Aran, to our U.S. and Swiss data sets, which
both relied on observations submitted together
with snow profiles. In Spain, the proportion of un-
stable locations was about 80% for ECTP<23, and
8% for ECTN and ECTX in a data set with 35%
unstable slopes (Figure 2b). In the U.S. and Switzer-
land, absolute values and the shape of the curves
were remarkably similar (Figures 2a and 2c). The
only difference was that the proportion of unstable
slopes for ECTP>22 was slightly above the base
rate in the U.S. and slightly below in Switzerland.

TAKE-HOME POINTS

The correlation between signs of instability and
ECT scores clearly shows that the ECT is a valu-
able test for assessing snow instability. Our data
confirms the findings in the Swiss study that
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The correlation between signs of instability
and ECT scores clearly shows that the ECT is a
valuable test for assessing snow instability.

Jordi Gavalda, avalanche forecaster at Val d'Aran avalanche center, performing an ECT at Montanyé d'Arreu in the
Catalan Pyrenees (Spain). The ECT results were moderate to hard ECTNs. This agreed well with other observations made
on this day, indicating a good bonding of the wind slab, which had formed during a storm several days earlier
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Figure 2: Proportion of unstable ECT locations for each combination of fracture propagation and number of taps until
failure for the three data sets. The Snowpilot (a) and Swiss (c) results, which are based on a large number of ECT, look
rather similar. In contrast, the ECT data from Spain discriminates better between ECT results indicating instability and
stability, but also a much more random behavior due to the small number of ECTs.
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Figure 3: Relating ECT results to observed signs of instability in the surroundings in this data set. The stability class poor is
split into two sub-classes, reflecting the trend seen in Figure 1 for an intermediate number of taps.
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including the number of taps in addition to the
propagation portion of the results can improve the
overall accuracy of this test. In line with the work
of Techel et al. 2020 on Swiss data, we suggest the
following terms for ECT results (see also Figure 3).
*  Poor: ECTPs with easy—and to a lesser
extent—moderate scores. In our data, these
results are clearly correlated with instability,
»  Fair: ECTPs with high scores and ECTNs
with low scores. Our results suggest these
values are more of a mixed bag in terms
of their association with signs of instability.
* Good: ECTNs with moderate and high
scores as well as all ECTXs. These results are
most often associated with stable conditions.
Even though this classification may help us in-
terpret ECT results, several challenges remain: 1)
selecting the right location for the test, 2) deter-
mining how representative that location is for the
slope(s) of interest, and 3) understanding the inher-
ent spatial variability of test results. Therefore, a sin-
gle test with stable results should never be used as a
sole indicator for stability, but should always be used
in combination with many other field observations
and additional tests, preferably in different locations.
On the other hand, a single test with unstable re-
sults is enough to warrant extra caution.

A SIDE NOTE: FURTHER RESULTS FROM A
SWISS ECT STUDY (TECHEL ET AL., 2020)
Relying on the Swiss data set, which is included
in our analysis, other relevant findings were noted:

*  Performing a second ECT in the same
snowpit was most useful when the first
ECT indicated ECTP>14 or ECTN<10.
Particularly in these cases, a second ECT
could tip the balance towards indicating in-
stability or stability.

* A direct comparison of ECT results with
Rutschblock tests performed in the same
snow pit showed that RB test results cor-
related better with slope stability than ECT
results. In other words, if a RB test result
indicated instability, more slopes were clas-
sified as unstable, compared to an ECT
indicating instability. For results indicating
stability, the opposite was observed. @
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