





Proceedings, International Snow Science Workshop, Innsbruck, Austria, 2018

P.01 (Away from slope) P.07 (Uniform big slope)

Frequency
Frequency
0 2 4 6 8 10

0 2 4 6 8 10 12
Estimated Endangerment

0 2 4 6 8 10 12
Estimated Endangerment

P02 (Foot of small slope) .08 (Foot of blg, concave slope)
e S

Frequency

0 2 4 6 8 10
Frequency

0 2 4 6 8 10

0 2 4 6 8 10 12 0 2 4 6 8 10 12

Estimated Endangerment Estimated Endangerment
P.03 (Foot of medium slope) P. 09 (Unlform or convex sIope’?)
V| R % >
= =
g © @
g
g © ©
g
w < <~
o~ o~
o o 1 n
T T T T T I 1
0 2 4 6 8 10 12
Estimated Endangerment
P.10 (Proximity to ridge)
' B.6
5. (.6
e = '
3 © 5
§ © § ©
g g
w < w ~
o~ o~
o o i 1
T I T T T T I 1
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Estimated Endangerment Estimated Endangerment
P.11 (Ramp)
e e
© 3 ©
c
© g ©
g
< w <
o o~
o o '
T T T T T T I 1
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Estimated Endangerment Estimated Endangerment

P 12 (Marked_rldge) _

Frequency
0 2 4 6 8 10

Frequency
0 2 4 6 8 10

[ — f T T T 1
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Estimated Endangerment Estimated Endangerment

Fig. 1: Survey locations “Engstligenalp”
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Fig. 2: Survey locations “Davos”
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2.5 Terrain hazard scale

The second task required the introduction of a
scale that allows quantifying the perceived haz-
ard. In contrast to ATES the scale focuses exclu-
sively on the avalanche hazard induced by the
terrain and neglects the technical difficulty.

The scale consists of four principal classes.
Each class can be further specified by optionally
adding a plus or minus sign. Thus the ordinal
scale contains 12 different levels.

3. RESULTS

The RSA polygons of each participant were
scanned and vectorized. They are given in Fig. 1
and Fig. 2. The quantitative hazard estimates are
listed in Tab. 2. The distribution of the 24 esti-
mated hazard values are summarized in the his-
tograms of Fig. 1 and 2.

3.1 Relevant Slope Area

The Relevant Slope Areas (RSA) are marked
with purple color (Fig. 1 and 2). The trans-

parency of the color enables the identification of
areas with high and low agreement among the
participants.

The yellow line indicates the average polygon.
The average polygon for each location was cal-
culated as follows:

e The maximal extent of the location
(union of all 26 polygons) was rasterized
with cell size 5 m.

e For each cell and participant a “deep-
ness” value was calculated. This value
expresses how far the cell is located
from the outline of the participant’s poly-
gon.

e The average of the deepness values of
each cell was used to build a deepness
raster.

e The deepness raster was vectorized.
The resulting yellow polygon is shown on
the maps in Fig. 1 and 2.

Table 2: Estimated hazard values of all participants A to Z. For statistical output the following

abbreviations were used:

M=Mean, MdN=Median, s=Standard Deviation, d=Abs(Mean-Median)

P001 |P002|P003 [P004 |PO05 |PO06 |PO07 |PO08 |PO09 [PO10 |PO11 |PO12 |PO13 |P014 |PO15 [PO16 [PO17 |PO18 |PO19|P020 |P021 |P022 |P023 [P024
A 6.00 |5.00 |5.00 {7.00 |6.00 |7.00 |8.00 |11.00 [1.00 |4.00 [5.00 |5.00 |9.00 [8.00 |9.00 |8.00 |6.00 |5.00 |8.00 |8.00 |6.00 [9.00 |6.00 |4.00
B 7.00 |7.00 9.00 [6.00 |11.00(8.00 |8.00 |7.00 |4.00 [5.00 |8.00 [2.00 [7.00 [9.00 [10.00 [8.00 [7.00 [8.00 [9.00 {10.00/5.00 |9.00 |6.00 [7.00
C 5.00 |3.00 |8.00 [6.00 |12.00(9.00 9.00 [11.00 |1.00 [6.00 |11.00 [3.00 |10.00 |11.00 |11.00 [12.00 [8.00 |9.00 [9.00 {10.00 |6.00 |10.00 |8.00 [7.00
D 2.00 |7.00 |4.00 {10.00 |4.00 |8.00 |8.00 [9.00 |3.00 |4.00 [8.00 |3.00 |4.00 [5.00 |12.00 |8.00 |9.00 |10.00 [3.00 |5.00 [8.00 |5.00 |2.00 |4.00
E 6.00 [7.00 [7.00 [4.00 [11.00 /8.00 [9.00 |11.00 |4.00 |6.00 [7.00 |3.00 |8.00 [7.00 |10.00|7.00 |6.00 |6.00 [8.00 |10.00 |6.00 [9.00 |5.00 |4.00
F 7.00 8.00 {10.00 }4.00 |9.00 {10.00 |8.00 [10.00 |7.00 |9.00 {11.00 [3.00 [12.00 [10.00 [11.00 |10.00 |10.00|10.00 |11.00|11.00 |5.00 |10.00 |8.00 |6.00
G 7.00 |5.00 [7.00 [4.00 [9.00 [8.00 |7.00 |10.00|8.00 [6.00 [6.00 [2.00 |11.00 [3.00 |10.00 [10.00 [6.00 |5.00 |7.00 {10.00|5.00 |10.00 |8.00 [5.00
H 3.00 6.00 |8.00 [8.00 |7.00 [11.00 |8.00 [9.00 |4.00 [7.00 |8.00 [2.00 [10.00 |6.00 [11.00 [9.00 [9.00 [7.00 |7.00 [10.00|7.00 |9.00 [7.00 [8.00
| 2.00 |4.00 |5.00 [2.00 [8.00 |5.00 |6.00 |11.00 |2.00 |4.00 [5.00 |1.00 |11.00 [10.00 |11.00 |12.00|3.00 |4.00 [3.00 |11.00 [2.00 |6.00 |5.00 |2.00
J 5.00 4.00 4.00 [5.00 |10.00(8.00 [9.00 [10.00 |4.00 [6.00 |5.00 |6.00 [11.00 |10.00(9.00 [7.00 [7.00 [3.00 |7.00 |11.00 |7.00 |6.00 |6.00 [7.00
K 7.00 |5.00 8.00 [5.00 |7.00 [11.00 |8.00 [11.00 |2.00 |5.00 |7.00 [1.00 |8.00 |5.00 |8.00 [8.00 |6.00 |8.00 |7.00 {10.00|1.00 |11.00 |8.00 |4.00
L 4.00 8.00 {7.00 [9.00 [10.0011.00 |11.00 |7.00 |6.00 |5.00 [11.00 |4.00 [9.00 [3.00 |12.00 |11.00 |6.00 |7.00 |8.00 |12.00 |8.00 [9.00 |6.00 |8.00
M 5.00 |7.00 [8.00 |7.00 |6.00 [9.00 9.00 [10.00 |3.00 |5.00 [7.00 [1.00 [8.00 [8.00 [9.00 [6.00 |8.00 |6.00 |7.00 |9.00 |4.00 [9.00 }4.00 |6.00
N 7.00 |7.00 {10.00 |7.00 |10.00(8.00 |11.00 [11.00 |7.00 |6.00 [7.00 |6.00 [6.00 [10.00 [11.00 |11.00 |9.00 |6.00 |8.00 |11.00 [7.00 |10.00 |9.00 |9.00
o 1.00 [5.00 |[7.00 |8.00 |7.00 [11.00 |7.00 |10.00 [2.00 |7.00 |9.00 [1.00 |8.00 [8.00 [11.00 |10.00[9.00 |11.00 |6.00 |9.00 [8.00 |10.00 6.00 |7.00
P 3.00 |7.00 |8.00 [6.00 |10.00(10.00 [7.00 |11.00 [3.00 [7.00 |8.00 [1.00 [10.00|7.00 [11.00 [11.00 |4.00 [7.00 |7.00 [9.00 [3.00 |10.00 |4.00 |4.00
Q 1.00 |6.00 |[7.00 |3.00 |6.00 9.00 |8.00 |10.00 [2.00 |4.00 |6.50 [1.00 |9.00 [7.00 [9.00 |8.00 |5.00 |4.00 |6.00 |8.00 [3.00 |10.00 5.00 |7.00
R 1.00 |5.00 [7.00 |5.00 |8.00 [10.00 |4.00 |9.00 [2.00 |4.00 |9.00 |5.00 [6.00 |5.00 [10.00 |11.00|8.00 [7.00 |4.00 |9.00 [8.00 |10.00 5.00 |4.00
S 5.00 8.00 |4.00 |7.00 |4.00 [8.00 |7.00 [11.00 |4.00 |5.00 [5.00 [2.00 [9.00 |4.00 |5.00 |7.00 |6.00 |4.00 |8.00 |10.00|1.00 |8.00 }4.00 |5.00
T 4.00 16.00 |8.00 |8.00 [11.00 |7.00 |7.00 |8.00 |4.00 |7.00 [6.00 |4.00 |7.00 [5.00 |9.00 [7.00 |5.00 |4.00 |4.00 6.00 [8.00 |6.00 |7.00 |4.00
U 2.00 |4.00 |6.00 [2.00 [11.00 |6.00 |8.00 {10.00 [1.00 [5.00 [4.00 |1.00 |10.00 [7.00 |10.00 |10.00|6.00 |5.00 |5.00 |12.00 [1.00 [7.00 |7.00 |4.00
v 3.00 4.00 |8.00 [5.00 |11.00[10.00 9.00 [12.00|5.00 [7.00 |8.00 [4.00 [8.00 |10.00|11.00 [11.00 [7.00 [7.00 [9.00 [12.00|5.00 |9.00 |8.00 |4.00
w 3.00 [6.00 [7.00 [9.00 [9.00 [11.00 |6.00 |6.00 |3.00 [6.00 |8.00 [2.00 |6.00 [5.00 [11.00 [9.00 [9.00 [8.00 [8.00 [9.00 |10.009.00 |6.00 [7.00
X 2.00 |7.00 |5.00 [8.00 [5.00 |6.00 |8.00 |11.00 |2.00 [5.00 [10.001.00 [9.00 [7.00 |11.00 |9.00 |7.00 |5.00 |7.00 |8.00 |6.00 [9.00 |7.00 |3.50
Y 5.00 |3.00 [7.00 [2.00 |10.00[9.00 |5.00 [10.00|1.00 [5.00 4.00 [2.00 [10.00 |12.00(9.00 [12.00 |4.00 |4.00 [2.00 |11.00 |2.00 |7.00 |3.00 [8.00
z 4.00 16.00 |5.00 [5.00 [10.007.00 |7.00 [9.00 |6.00 |5.00 [5.00 |6.00 |8.00 [6.00 |7.00 [7.00 |6.00 |4.00 |6.00 6.00 |6.00 |6.00 |5.00 |4.00
M 412 577 |6.88 |5.85 |8.54 |8.65 [7.77 |9.81 [3.50 [5.58 |7.25 [2.77 |8.62 [7.23 [9.92 [9.19 16.77 [6.31 [6.69 [9.50 |5.31 |8.58 |5.96 [5.48
Mdn |4.00 6.00 [7.00 |6.00 |9.00 |8.50 [8.00 [10.00 [3.00 [5.00 |7.00 |2.00 |9.00 [7.00 |10.00 [9.00 |6.50 [6.00 |7.00 {10.00 |6.00 [9.00 |6.00 |5.00
d 0.12 |0.23 |0.12 |0.15 [0.46 |0.15 [0.23 |0.19 |0.50 |0.58 [0.25 |0.77 |0.38 [0.23 |0.08 |0.19 |0.27 |0.31 |0.31 |0.50 |0.69 [0.42 |0.04 |0.48
s 205 [1.50 1.70 |2.26 |2.34 |1.72 [1.56 [1.47 [2.00 [1.24 |2.09 |1.73 |1.88 [2.49 [1.57 [1.83 |1.80 [2.17 |2.13 |1.84 |2.53 |1.65 [1.73 |1.84
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Participants submitted qualitative comments de-
scribing the applied RSA delineation criteria.
Many of the comments rather described the ter-
rain. However, some of the comments relate to
the terrain criteria applied. They can be split into
three categories:

1. Connected area with slope angle above
30°.

2. Area with homogeneous plan and profile
curvature. A typical example often men-
tioned was a significant change in terrain
characteristics at the top, bottom or to
the side of the RSA.

3. Terrain sector within a certain maximal
distance from the supplied location: Al-
though participants were aware, that a
specific terrain sector was connected to
the RSA, they would not take it into ac-
count, if it was far away.

The average polygon (yellow line) reflects all
three comments to a certain extent.

3.2 Hazard

Beside the maps in Fig. 1 and 2 a histogram
shows the distribution of the estimated hazard
values. The x-axis depicts the terrain hazard
scale [1..12], the y-axis shows the frequency of
the quoted hazard.

The estimated terrain hazard varies among the
24 locations with standard deviations from 1.24
to 2.53 (Tab. 2). The absolute differences be-
tween the means and medians are low and are
between 0.32 and 0.77. Fig. 1 and 2 show the
mean value (red line) and a 95% sign test confi-
dence interval for the median (dashed red line).
The confidence interval is in most cases less
than three hazard scores.

The participants also submitted qualitative com-
ments describing the applied criteria during the
quantification of the hazard. Similar to the first
exercise most comments refer to a general ter-
rain description. The remaining comments can
be grouped into the following categories:

1. Slope angle.
2. Slope size.

3. Concave plan curvature indicating haz-
ard, rather than convex plan curvature.

4. Consequences: High burial depth or criti-
cal trajectory in case of a fall.

5. Proximity to ridge.

4. CONCLUSIONS

The verbal feedback from the participants re-
flected a high agreement on two issues: The sur-
vey was time-consuming and perceived to be dif-
ficult. Nevertheless, several participants re-
marked that the reasoning process was produc-
tive.

It remains unclear, whether all participants un-
derstood the tasks in the same way. That refers
in particular to the exclusion/inclusion of the
avalanche consequences.

The difficulty of the tasks can be recognized in
the relatively high variation of the estimated haz-
ard (standard deviation=1.88). However, the in-
terpretation should take into account the follow-
ing two survey settings:

e The terrain hazard scale has quite a high
number of levels (12 levels).

e The sites to be evaluated were deliber-
ately selected at locations where it was
not obvious how to assess the hazard.
Hence, they had the potential to reveal
disagreement.

Although the variation of the estimated hazard is
relatively high, the average confidence interval of
1.1 shows that the mean values are relatively
robust.

The RSA polygons converge reasonably. Never-
theless each location shows individual outliers.
Some of them are eventually due to a lack of a
common understanding of the task.

There is a higher agreement among the qualita-
tive criteria. Partly that may be due to the subjec-
tive nature of qualitative information. Most of the
mentioned criteria were to be expected. How-
ever, for the first time these criteria could be sys-
tematically collected and prioritized.

The survey turned out to be useful for the subse-
quent development of a terrain classification al-
gorithm (Harvey et al., 2018). With respect to the
scope of the survey the following can be con-
cluded:

e Qualitative knowledge: we got familiar
with the 24 locations and gained knowl-
edge on how experts assess terrain from
a map. That was useful for visual inspec-
tion of results from automatic classifica-
tions.

e Quantitative data: The 24 mean values
are comparable to the output of terrain
classification algorithms. Nevertheless
two issues limit the significance: First, it
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is not clear whether the algorithm mea-
sures on the same scale as the survey
does. Second, the amount of 24 points is
too small for a proper validation of classi-
fication algorithms.

The main output of this survey are the 24 maps
and histograms presented in Fig. 1 and 2. Their
significance can be captured only through a
meticulous location study.

It would be interesting to see how the experts
would assess the terrain at these locations in a
real outdoor situation.
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