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Verification of avalanche bulletins by questionnaires
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ABSTRACT

The paper describes how avalanche bulletins (regional and national) are being
verified by means of questionnaires in Switzerland. At the beginning of winter 1996/97 a set
of four questionnaires has been introduced:
e Questionnaire A: ,,Personal judgement of avalanche danger*
e Questionnaire B: ,,Observations of avalanches without personal or material damage*
e Questionnaire C: ,,Observations of avalanches with people caught but without material

damage*

e Questionnaire D: ,,Observations of avalanches with personal and/or material damage*

About 10 000 of these questionnaires have been distributed to the public, 500 have
been returned during the winter 1996/97. This means twice as many returns as for previous
winters. Questionnaires B,C and D can be used for the verification of the higher hazard
degrees. Questionnaire A is the most frequently returned and can be used for all degrees of
hazard. Therefore it is the subject of our evaluation. The questionnaires are used on a daily
basis for the construction of the bulletin if they were returned in time. Therefore we cannot
talk of an independent verification in a strict sense. At the end of the winter a comparison
between questionnaires and bulletins has been done. The questionnaires allow to define a
degree of hazard for 8 expositions and 4 height zones (1500-2000m, 2000-2500m, 2500-
3000m and >3000m). Therefore we compare a set of 32 segments of every questionnaire to
the bulletin. The overall estimation for Switzerland shows that about 64% of the feedback
are in agreement with the bulletin, 32% differ by 1 degree of hazard and 4% by 2. The
symmetric distribution of differences indicates that the degree of hazard is neither
systematically over- nor underestimated. The distribution varies heavily between regions,
height levels and expositions. For the region Davos a detailed verification using additional
own field observations has been done and is compared to the verification based on

questionnaires.
4. independence of the region where the method is applied
None of the methods proposed by now fulfils all of
INTRODUCTION the above requirements. In general avalanche hazard

The verification of the avalanche danger and thus
avalanche bulletins has concerned avalanche warning
services for decades (Judson and King 1985; Elder and
Armstrong 1986; Kindschi and Meister 1987; Fohn 1992;
Remund 1993; Meister 1994; Fohn and Schweizer 1995;
Meister 1996; Stucki 1996; Cagnati, Valt et al. 1997,
Harvey 1997; Stucki and Brabec 1997). On the one hand
the development of forecasting models has raised the need
for precise target variables, on the other hand warning
services want to control the quality of their bulletins.
Verification has to fulfil the following requirements to be an
objective method:

1. independence of the product (bulletin) to be verified

2. independence of the person doing the verification

3. independence of the number of observations available
(should only influence the quality of the result)

degrees cannot be verified objectively because they cannot
be measured in the field and have no definition in physical
mathematical terms that can be deduced from objective
field measurements. Basically three different verification
methods can be applied (Meister 1994):
1. additional measurements and field tests
2. avalanche accident analyses
3. observations by skiers

Field tests and measurements have the
disadvantage that a transformation has to be found between
measurement and hazard degree, e.g. an avalanche activity
index has to be linked to hazard degrees. Avalanche
accident analyses show that even big accidents often depend
on chance occurrences. Observations of skiers include the
problem of dependence from the bulletin and subjectivity of
the observations. SLF has decided to continue its tradition
(Kindschi and Meister 1987; Meister 1994) to keep in touch
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Figure 1: NR 249 of Questionnaire A.

DESCRIPTION OF QUESTIONNAIRE A
100 Questionnaires
Questionnaire A is used for sending observations soJ L/ Péaops
made in the field to SLF. A second part of the questionnaire 0
(see lower part of figure 1) is used for the personal
judgement of the avalanche hazard. Observations and
hazard levels can be defined for 4 height levels (1500-
2000m, 2000-2500m, 2500-3000m and >3000m) and 4
expositions (N,E,S,W). Several users have used 8
expositions (NNE, ENE, ESE, SSE, SSW, WSW, WNW,
and NNW). An additional part at the top of the
questionnaire contains administrative data about the person
(including her profession) and about the tour done. 0

Figure 2: Regional distribution of questionnaires A send to
SLE: for region 5 117 questionnaires sent in by 3 mountain
guides have been taken out. Region 5+ contains those as
well.
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Figure 3: Temporal distribution of feedback.
FEEDBACK

During the winter 1996/97 about 10000
questionnaires (A-D) have been ordered at SLF and
distributed. About 500 of those were sent back till the end
of the winter by skitourists, mountain guides and avalanche
safety personnel. Although this means that only 5% of the
disseminated questionnaires came back, the amount of
questionnaires has been doubled compared to the winter
before. At the beginning of the campaign in 1987 (Kindschi
and Meister 1987) 44 sheets have arrived at SLF.

Figures 2 and 3 show the temporal and spatial
distribution of questionnaires A returned, all together 388
out of 4000. The first feedback arrived on the 1* of
December, the last on the 10® May. During these 121 days
106 persons participated in the campaign. On 44 days there
was no feedback. Motivation to send in a questionnaire
seems to increase with higher hazard levels.

COMPARISON TO BULLETIN

The comparison between avalanche bulletins and
questionnaires was done in two steps:

1. On a daily basis the information given in the
questionnaires was used for the construction of the next
bulletin if they were sent back in time. Therefore the
questionnaires and the bulletin are not independent. On
the other hand the bulletin is also used for planning a
tour and therefore influences people.

2. At the end of the winter a statistical comparison between
questionnaires and bulletin was done which is discussed
in the following part.

To compare the questionnaires to the avalanche
bulletins published by SLF during the winter 1996/97 a
common data structure for questionnaires and bulletins had
to be defined. Therefore the questionnaires as well as the
bulletins were registered in a relational database. In the
Swiss avalanche bulletin only the highest hazard degree is
given for a specific region and day. Height and exposition
of the most critical terrain parts are defined in addition, e.g.
for the example of figure 1 the avalanche bulletin was
hazard degree considerable for expositions from West to
Southeast higher than 1800 meters (see figure 4). For
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Figure 4: Avalanche bulletin for the questionnaire of
Figure 1: hazard level considerable (3) for expositios
from West to Southeast above 1800 meters. The segments
are equal defined as for the questionnaires.

questionnaires it is not unlikely to have more than one
hazard degree.

For the comparison between bulletin and
questionnaires two distance measures were defined.
d1:For each of the 32 segments (8 x 4) the difference is

calculated if both segments are defined, e.g. for
questionnaire NR. 249 of figures 1 and 4 (see table]).

Table 1: Distance measure d1 for example NR

249

N.A. stands for NOT AVAILABLE

exposition height bulletin  quest. dl
NNE 1500-2000 3 2 1
ENE 1500-2000 3 2 1
ESE 1500-2000 3 2 1
SSE 1500-2000 N.A. 2 N.A.
SSW 1500-2000 N.A. 2 N.A.
WSW 1500-2000 N.A. 2 N.A.
WNW 1500-2000 3 2 1
NNW 1500-2000 3 2 1
NNE 2000-2500 3 3 0
ENE 2000-2500 3 S 0
ESE 2000-2500 3 2 1
SSE 2000-2500 N.A 2 N.A
SSW 2000-2500 N.A. 2 N.A.
WSW 2000-2500 N.A. 2 N.A.
WNW 2000-2500 3 2 1
NNW 2000-2500 3 3 0
NNE 2000-2500 3 3 0
ENE 2000-2500 3 3 0
ESE 2000-2500 3 2 1
SSE 2000-2500 N.A. 2 N.A.
SSW 2000-2500 N.A. 2 N.A.
WSW 2000-2500 N.A. 2 N.A.
WNW 2000-2500 3 2 1
NNW 2000-2500 3 3 0
NNE >3000 3 3 0
ENE >3000 3 3 0
ESE >3000 3 g 1
SSE >3000 N.A 2 N.A
SSW >3000 N.A. 2 N.A
WSW >3000 N.A. 2 N.A.
WNW >3000 3 2 1
NNW >3000 3 3 0
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Figure 5: Comparison between avalanche bulletin and
questionnaires for d1. 2210 segments could be evaluated.
64% of the questionnaires are in agreement with the
avalanche bulletin. The amount of over- and
underestimation is about 18%.

Note that for the evaluation 8 expositions and 4 height
levels are used. The numbers 1 to 5 are assigned to
hazard degrees low to very high. The distance measure
allows to distinguish between different expositions and
heights but has the disadvantage that questionnaires do
not contribute equally to statistics, e.g. questionnaires
completely different from the bulletin (no segments
equal) get completely lost. Questionnaire NR 249
contributes with 9 segments having difference 0 and 11
segments having difference 1 to statistics.

d2:Equally to the bulletin for each questionnaire only the
highest hazard level is counted and compared. Thus
questionnaires contribute equally but one extreme
segment changes the result. For questionnaire NR. 249
we get a difference d2 of 0. The information of
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Figure 6: Comparison between avalanche bulletin and

questionnaires for d2. 388 questionnaires could be

evaluated. 63% are in agreement, 23% indicate

underestimation and 14% overstimation of the hazard

degree in the bulletin.

exposition and height gets lost.

The two distance measures have been applied to
the complete uncorrected dataset. Figures 5 and 6 show the
results. The symmetric distribution shown in figure 5
indicates that the bulletin is in */5 of the time in agreement

Table 2: regional variability of feedback
cursive numbers mark regions with little feedback (<30

questionnaires)
Region underestimation l agreement l overestimation
#segm  #quest of the avalanche bulletin

dl% 2% | dl% d2% | dl% d2%
1 01| 28 36 18| 55 53 9 29
2 240| 42 12 12 70 76 18 12
3 61| 14 26 36| 70 57 4 7
4 250| 38 25 29| 48 50 27 21
S5+ 1240( 210 13 21 ¥ 68 16 11
6 71| 10 20 30| 48 60 32 10
7 10 42 33 33| 49 50 18 17

with user opinion and that the estimation is neither to high
nor too low. Figure 6 shows a similar amount of agreement
but the distribution is skewed towards underestimation. This
graph is similar to the results from 1987 (Kindschi and
Meister 1987) concerning the agreement but different
concerning the skewness. In 1987 25% of the questionnaires
indicated overestimation, 15% underestimation. The
agreement for single regions (see figure 1 and table 2)
varies between 48 and 76%. The difference between d1 and
d2 is the higher the less questionnaires have been returned
for a region (table 2). For different heights and expositions
the results varied a lot because the amount of feedback was
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Figure 7: Comparison between bulletin, questionnaires
and verification. Each subgraph contains all
questionnaires of one hazard degree of the verification.
Verification increases from low to considerable from
bottom to top.
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Figure 8: Bulletin and verification in Davos, triangles indicate questionnaires

often very small.

REGIONAL COMPARISON FOR DAVOS

For Davos, where SLF is situated, Harvey (Harvey
1997) has verified the avalanche hazard every day using
data from observers, automatic stations, snow profiles,
observed avalanches, personal contacts, questionnaires A
and B and his own judgement between December 21* 1996
and march 31* 1997. This verification has been compared
to the national bulletin and the questionnaires of the area
(130). Distance was measured using d2. Figure 7 shows the
difference between questionnaires and bulletin given the
verification. Figure 8 shows verification and bulletin in a
timeseries-graph. Each questionnaire is represented by an
overlaid symbol.

Figures 7 and 8 show that questionnaires can be
used as a rough indication of a verification but that they are
not sufficient: On the one hand questionnaires vary around
verification in each of figure 7°s subgraphs, on the other
hand Figure 8 shows situations where questionnaires are in
contradiction to verification, e.g. 18" February. Therefore
field tests have to complement them.

CONCLUSIONS

The proposed questionnaires are a useful mean to
get feedback to an avalanche bulletin from skitourists,
mountain guides and avalanche safety personnel. In
Switzerland questionnaires have become increasingly
important also during bulletin construction during the last
10 years and a network of observers sending in
questionnaires is under construction. The aposteriori
verification of hazard degrees by questionnaires would be
possible if questionnaires were filled out perfectly, hazard
level assignment an objective task and the questionnaires
not used for bulletin construction.
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