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ABSTRACT: In this study, we investigate Scottish end users’ understanding and interpretation of the five
point European Avalanche Danger Scale. Our main findings are, first, that many end users report to draw
on detailed avalanche information including the avalanche problem information in their planning. Second,
only seven in ten end users are aware that there are five danger levels. Third, end users’ risk perception
of the danger scale, which we elicited using numerical probability judgements about each danger level, in-
creases mostly linearly—results that cohere well with recent findings by Morgan et al. (2023) who used a
different response format and a North American user group. Lastly, we report the results of an exploratory
analysis whether individual characteristics of end users (such as their outdoor sport experience, age, gender,
avalanche education), predict the individuals’ interpretation of the danger level. We find these characteristics
have little explanatory power, which suggests that avalanche education needs to take a broad and inclusive
approach to improve the intended understanding of the avalanche danger scale. We finish our discussion by
contextualising the main findings.
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1. INTRODUCTION

An indispensable tool for winter sports participants
to make informed decisions about the avalanche
danger are avalanche forecasts issued by local, re-
gional or national avalanche warning services. In or-
der to provide accessible and relevant information,
avalanche warning services issue avalanche fore-
casts using the so-called EAWS information pyra-
mid. Most prominent is the most general informa-
tion: the EAWS standardised colour-coded five point
ordinal avalanche danger scale that ranges from 1
– low (green), 2 – moderate (yellow), 3 – consider-
able (orange), 4 – high (red), to 5 – very high (black)
avalanche danger (EAWS, 2023).
The avalanche danger level is a function of three
main determinants: snowpack stability (which is in-
versely related to the probability of an avalanche
triggering), the frequency distribution of snowpack
stability (i.e. how widespread trigger points with the
lowest snowpack stability rating are within the fore-
casted region), and the expected avalanche size
for a given unit (area and time). The resulting
avalanche danger level applies to a wider region
covering a range of at least 50km2 (EAWS, 2023).
For risk communication purposes, each EAWS
avalanche danger level has a colour-coded icon and
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a descriptor that specifies the avalanche conditions
for that level in relation to “snowpack stability” and
the “likelihood of triggering” an avalanche (Figure
1). The latter descriptor includes important informa-
tion about the expected trigger likelihood presented
using verbal probabilities (“possible”, “likely”), about
the expected trigger size, (i.e. whether an individ-
ual or a group is generally required to trigger an
avalanche), and about the expected avalanche size
and type (human triggered vs. natural). One impor-
tant aspect of the avalanche danger scale as a risk
communication tool is that scientists and forecasters
generally interpret the expected avalanche danger
to increase exponentially (Schweizer et al., 2020).
Indeed, some avalanche warning services, such as
the Swiss avalanche services (SLF) explicitly high-
light the exponential nature in their official guidance
noting that: “the probability of an avalanche trig-
gering increases sharply as the danger level rises.”
(SLF 2022; see Figure 2).

There has been a recent increase in research on
end user understanding and interpretation of the
avalanche danger levels and the avalanche fore-
casts more generally. Engeset et al. (2018) provided
the first large scale study of end users, identifying
how different modes of communication affect their
level of comprehension of the more detailed infor-
mation. Using a mixed methods approach St. Clair
et al. (2021) have identified different user groups of
the avalanche forecast who each draw on different
levels of specificity in their avalanche risk assess-
ment, while Fisher et al. (2021) showed how the
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Figure 1: The EAWS Avalanche Danger Scale as used by all European Avalanche Warning Services, including snowpack stability and
likelihood of triggering descriptors. (*) indicated steep slopes are slopes steeper than 30 degrees, moderately steep terrain are slopes
shallower than 30 degrees; (**) low additional loads denotes an individual skier, while high additional loads indicates two or more skiers;
natural avalanches occur without human influence.

type of presentation of the more specialised aspect
and altitude information in avalanche forecasts has
an effect on their interpretability by the end user. A
recent study by Terum et al. (2023) has identified the
effect of increasing and decreasing historical trends
in danger ratings on end users’ perception of the
current danger rating level. Finally, the in-depth and
extensive study by Morgan et al. (2023) on end user
interpretation of the avalanche danger scale found
that roughly 65% of North American end users in-
creased their numerical interpretation of the North
American avalanche danger level in a linear fashion.

In this article, we present results of our survey of
Scottish end users of the Scottish Avalanche Infor-
mation Service’s avalanche forecasts. We investi-
gate end users’ use and knowledge of the avalanche
danger scale and test how an increase in danger
levels affects end user interpretation of the probabil-
ity of triggering an avalanche. The latter is elicited
using numerical probability judgements. Adopting a
probabilistic perspective has received renewed in-

terest for avalanche risk communication for at least
three reasons. First, the EAWS has introduced the
use of numerical estimates at least for the determi-
nant of frequency of snowpack stability in the EAWS
Matrix to ensure a more consistent avalanche fore-
casting approach amongst its member states. Sec-
ond, a numerical approach has the potential to pro-
vide objectively testable verification procedures for
the avalanche danger levels and allows us to eas-
ily compare user perception using the established
probability scale. Thirdly, using the numerical ap-
proach helps us to understand how individuals per-
ceive and interpret an increase in the avalanche
danger level, at least with respect to one of its di-
mension, in a fine grained way. This, in turn, allows
us to assess directly whether end users perceive
the increase in the probability of triggering to be a
“sharp” one or not.

As such, this short contribution draws on our gen-
eral summary report (Ebert and Comerford, 2022)
and on our in depth academic contribution (Ebert
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Figure 2: The exponential and continuous increase of the
avalanche danger in relation to the reported avalanche dan-
ger levels as presented by the Swiss Forecasting Service SLF
(2022). Note that sub-levels are currently only in use in Switzer-
land and have not been adopted within the EAWS more widely.

et al., 2024). Please consult in particular the latter
article, for additional insights and more detailed re-
sults and discussion.

2. END USER KNOWLEDGE AND INTERPRETA-
TION OF THE AVALANCHE DANGER SCALE

2.1 Survey participants

The survey was presented as a collaboration
between researchers at the University of Stir-
ling and the Scottish Avalanche Information Ser-
vice (SAIS). Participants were recruited with the
help of the SAIS community through their web-
site, word-of-mouth, advertisements (UKclimb-
ing.com, walkhighlands.com), and Facebook groups
such as BritishBackcountry. The survey re-
ceived Ethics approval from the University of
Stirling. Data and R-code can be down-
loaded here: https://osf.io/8ekvx/?view_

only=38b9914de2d94c1fbfd362de585d358f

The survey was designed using Qualtrics software
and open for a six week period from March 2021 to
April 2021. A total of 1193 respondents took part
of which 702 completed the survey and of these
678 reported prior acquaintance with the avalanche
forecasts for planning winter activities. Participants
were not forced to answer each question which re-
sulted in variation in sample size which is reported
below. The median age category was 45–54 with
substantial variation (per-age-category counts were
as follows 18–24: 36, 25–34: 110, 35–44: 144, 45–
54: 161, 55–64: 147, 65–74: 66, 75–84: 7, prefer
not to say: 1). Of those who responded to the gen-
der question, 543 respondents identified as male,

and 117 as female, while 1 selected neither cate-
gory and 9 declined to say. We also asked partic-
ipants what their highest level of formal education
attained was, which skewed heavily towards higher
education (Postgraduate degree: 293, undergrad-
uate degree: 330, A-level/GCSE/high school: 93,
never finished school: 3, prefer not to say: 18).
When asked about their experience in winter sports,
the modal experience level was more than 20
years (activities include: skiing, snowboarding, ski-
touring, winter climbing, winter walking, respon-
dents could provide primary and secondary winter
activities), with 535 respondents having more than
5 years experience. For primary sport, we had the
following responses 1-2 winters: 38, 3-5 winters: 95,
6-10 winters: 106, 11-20 winters: 166, more than 20
winters : 266. In their secondary activity, 1-2 win-
ters: 63, 3-5 winters: 89, 6-10 winters: 112, 11-20
winters: 127, more than 20 winters: 222.

2.2 Experimental Questions and Design

We asked survey participants basic questions about
their use and knowledge of the avalanche dan-
ger scale. First, we asked users what information
from the avalanche forecast users typically draw on
when they plan a winter sports activity. Possible re-
sponses were structured along the information pyra-
mid and included no use of any information (op-
tion 1), the avalanche danger level (option 2), the
avalanche danger level and location-specific infor-
mation (altitude and aspect) of the avalanche dan-
ger (option 3), or all of the above and information
about the sepcific avalanche problems (option 4).
Second, we asked end users to specify how many
avalanche danger levels there are and offered them
the choice between ‘3’, ‘4’, ‘5’, ‘6’, ‘I’m unsure’, ‘pre-
fer not to say’. Following on from this, we asked
respondents to name the avalanche danger levels
in a free text response format.
We then explored end users risk perception by solic-
iting numerical estimates of the likelihood of trigger-
ing an avalanche for a given avalanche danger level
so to identify how their perceived avalanche risk in-
creases with increasing avalanche danger level. We
adopted three different response formats to which
respondents were randomly assigned. We used a
percentage chance frame and two frequency frames
with different denominators: x-many avalanche per-
100 slopes versus x-many avalanches per 100-
days. While we found some differences due to
the response format (for details, see Ebert et al.
2024), we have decided to merge the three re-
sponse formats in this contribution. Respondents
were asked to provide a point-valued (as opposed to
interval-valued) best estimate of the likelihood of an
avalanche on a given slope for each avalanche dan-
ger level in ascending order from low to very high
using a sliding numerical scale from 0-100. Using
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the frequency format as an example, we solicited
responses using the following vignette:

Frequency slope

Imagine a large steep snow slope in an area
that is rated to have one of the five hazard lev-
els. Out of a 100 slopes with the same charac-
teristics and hazard level, how many slopes will
avalanche if a person crosses it? Please pro-
vide your best estimate for each hazard level.

2.3 Statistical Methods

To assess how well participants’ responses match
the assumed exponential (“sharp”) increase in the
probability of triggering an avalanche with increas-
ing danger level, we used two methods. First, to
assess the “average users” response, we fitted a
generalized additive mixed model (GAMM; Wood
2017) to the 0–100 responses (rescaled to 0–1, so
we could model using a binomial response), with
danger level and a random effect of participant ID
as predictors. To assess whether the relationship
was exponential we fitted a model where the danger
level was a linear effect, plus a smooth (spline) effect
for danger level. This allowed us to determine how
much the responses deviated from a linear fit, and
accommodates any shape of response. We used
a random effect for each individual, which would ac-
count for each participant having an overall higher or
lower response. Using the individual gave maximum
flexibility in this situation as it will encompass vari-
ation from other variables (e.g., from gender, age,
etc). We do not need to interpret this effect (it is ef-
fectively a nuisance variable in this analysis), so for
predictions used in plots we set its coefficient to be
zero.
Second, given the possibility of averaging effects
in that some users’ convex response patterns (be-
ing suggestive of an exponential interpretation) and
others’ concave response pattern might cancel each
other out, we also investigated individual responses
directly. A minimal condition for exponentiality is that
the increase in numerical value of the probability
of avalanche triggering per danger level is itself in-
creasing. More simply put: end users who associate
say a 5% probability to low and 10% probability to
moderate, can only exhibit an exponential increase
if their response to the next danger level consider-
able is 16 or greater (so: the increase is greater
between moderate and considerable, than between
low and moderate). See Table 1 for the formal char-
acterisation of our condition for exponentiality. In our
discussion, we will call a response that meets con-
dition 1-3 as presented in Table 1, a limited expo-
nential response. We call a response that meets all
four conditions, an exponential response.
In order to investigate to what extent different char-
acteristics of the respondents affects whether they

Condition 1: UR(2) − UR(1) > 0
Condition 2: UR(3) − UR(2) > UR(2) − UR(1)
Condition 3: UR(4) − UR(3) > UR(3) − UR(2)
Condition 4: UR(5) − UR(4) > UR(4) − UR(3)

Table 1: Minimal condition for exponentiality: UR(x) stands
for the individual user response at a given danger level x . Users
whose response patterns fulfils Condition 1-4 offer what we call
an exponential response, while users that fulfil Condition 1-3 will
be regarded as offering a limited exponential response (limited to
danger levels 1-4.)

tend to provide expontential response, we used a
generalized additive model (GAM) with an ordered
categorical response (Hastie et al., 1989). This al-
lowed for us to use the three exponentiality cate-
gories defined above, in order, as the response. The
model can then be used to investigate if, say, in-
creasing avalanche training will lead to an increase
in the exponentaility of the users’ responses. The
use of a GAM allowed for factor, linear and smooth
variables to be included in the model, giving a lot of
flexibility (Wood, 2017). The smoothers will also “fall
back” to linear terms if there is not enough data to
support a more complex shape.
We used the following predictor variables in our re-
gression: age (smooth; mean in category; drop-
ping 7 ”prefer not to say”), gender (factor; male,
female; dropping a further 17 non-binary/”prefer
not to say” responses), outdoor winter experi-
ence (smooth; number of winters 1-2, 3-5, 6-10,
11-20, 20+), avalanche education (smooth; cate-
gories ”No formal training”, ”Avalanche Awareness
session”, ”Avalanche Awareness day”, ”Avalanche
course with field day (2-3 days)”, ”Professional or
advanced avalanche course (4-5 days)”; dropping 2
non-respondents), time since last avalanche training
(smooth; 0-2 years ago, 3-5 years ago, 6 or more
years ago; dropping 1 non-respondent). Dropping
those samples with non-responses for the ratings,
we were left with 196 evaluations of the exponen-
tiality of users’ responses.
Using smoothers to model the ordered factor vari-
ables in the model gave greater flexibility to account
for non-linear changes between the categories (e.g.,
sudden jumps, changes in slope between cate-
gories etc). We began by including all variables in
the model and used backwards selection to remove
terms which were not significantly different than zero
(where the p-value was < 0.01).

2.4 Results

6 out of 10 survey respondents reported to be using
advanced avalanche information in their planning
which includes the altitude and aspect information,
as well as information about the specific avalanche
problems (Figure 3). Only 1 out of 10 respondents
reported to only use the avalanche danger scale in
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Figure 3: Avalanche information that end users report to use from
the avalanche forecasts in their planning (reported as counts).

preparation for winter sport activity. We found that
7 out of 10 respondents correctly stated that there
are five distinct avalanche danger level, with most
incorrect responses either reporting there to be four
danger levels, or being “unsure” (see Figure 4).

Figure 4: Number of respondents for each possible response to
the question of how many avalanche danger levels there are.

There were a wide range of responses to name the
different avalanche danger levels. To see the diver-
sity of responses, see our word cloud (Figure 5).
With respect to assessing how the probability of an
avalanche triggering changes with increasing dan-
ger level, we received in total 1596 danger level
evaluations (responses from 320 individuals across
5 questions, with one non-complete evaluation). We
discarded one response (giving a total of 1595)
where the response was 0 for a non-low danger
level (0 was the default value on the scale); as such,
we assumed this was an error from the respondent.
The resulting model showed that the relationship
was almost linear. The linear term was significant
(p < 1 × 10−16). The smooth term was significantly
different from zero (p = 1.4 × 10−6). As the smooth
terms are extremely flexible, we would expect them
to fit to any deviation from linearity, the term has an
effective degrees of freedom of 2.67 (a linear term
has 1 degree of freedom), so this is a very small de-
viation from the linearity in the model (which might
be expected given the amount of variation in the
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Figure 5: Wordcloud showing the responses to the question ask-
ing respondants to name the avalanche danger levels. Words
with fewer than 5 responses are not shown.
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Figure 6: Relationship between danger level and the end user
responses. Grey points show the data, black points show the
model fit with the lines joining showing the implied relationship.

data, see Figure 6). It appears that the average end
user interpretation, merging all three response for-
mats, is not strictly linear, but it is certainly not dis-
tinctively exponential nor does it represent a “sharp”
increase, as is shown in Figure 6. Note, that this
small effect vanishes, when we control for the dif-
ferent response formats that end users received, for
details see Ebert et al. (2024). Looking at the in-
dividual responses (see Figure 7) and our condition
of exponentiality as outlined in Table (1), we find that
98.75% respondents meet Condition 1, 70.62% me
Condition 2, then there is a significant drop and only
25.31% meet Condition 3, while just 10.63% meet
Condition 4 and thus offer an exponential response
pattern.
The model to identify whether some groups of end
users are more likely to exhibit an exponential re-
sponse did not find any predictors that were signif-
icantly different from zero at the 0.01 level. Inter-
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Figure 7: End user responses estimating the probability of an
avalanche at each avalanche danger level. Each line is the re-
sponse from one user. Rows show responses that are exponen-
tial (conditions 1-4 met), limited exponential (conditions 1-3 met)
and non-exponential (remaining). We included all responses in
this figure, i.e. also those that were excluded from the other anal-
yses due to missing data, non-completion of the survey, etc.

mediate models inspected during model selection
had extremely low explanatory power (deviance ex-
plained of 6% maximum). Note that there were in to-
tal 144 non-exponential responses, 35 limited expo-
nential and 17 fully exponential, and the small num-
ber of responses at the limited and fully exponential
levels may well have made the modelling more dif-
ficult. As such, these limited results suggest further
research and more data is needed to increase con-
fidence in these findings, see Section 3..

3. DISCUSSION

Most end users report to use advanced avalanche
information in their planning. However, how well
they understand the information and whether they
incorporate it correctly into their own decision-
making are questions this survey did not investi-
gate. Still, given there is a clear desire by our sur-
vey participants to access this information, we be-
lieve that avalanche forecasting service should en-
sure that avalanche danger levels, altitude and as-
pect, as well as avalanche problem information are
easily identifiable on their website.

We were surprised to learn that only 7 out of 10 sur-
vey respondents correctly reported that there were
five avalanche danger levels. But looking at Figure
4 more closely, we can see that most respondents
who offered the “wrong” response either thought
that there are only four avalanche danger levels
or reported to be unsure about the correct num-
ber of avalanche danger levels. The fact that since
its inception more than 25 years ago the Scottish
Avalanche Information Service has only issued one
of the first four danger levels, might help to explain
why some respondents believe that there are only
four such levels, or why they are unsure.

We are not sure how best to address this knowledge
gap or “confusion”. The fact that the highest danger
level is de facto not used in some countries such as
Scotland, and hardly ever used by those forecast-
ing services who have issued it, should raise some
questions about its relevance as a risk communica-
tion tool, at least in relation to winter sports partic-
ipants (for further discussion, see (Morgan et al.,
2023, 4.3) for an overview). Another challenge for
the highest level in the context of forecasting is that
it is very difficult to forecast reliably (Techel and
Schweizer, 2017; Statham et al., 2018). Finally,
given that the highest level is, from an end user per-
spective often practically irrelevant and might lead
to anchoring effects which could threaten to under-
mine the correct interpretation of the lower ratings
(Eyland, 2018), is something that deserves further
scrutiny from a behavioural science research per-
spective.

We found clear evidence that end users do not
regard the probability of triggering to increase
“sharply” with rising avalanche danger levels.
Rather, end users’ response format is fitted fairly
well using a linear regression. Looking at our crite-
rion of exponentiality, we can say that only roughly
(25%) offer wa limited exponential response, while
75% of respondents offer a more linear or even con-
cave response pattern. Hence, according to end
users, the probability of triggering does not seem to
increase “sharply”. Now while we focus on end user
estimates to only one dimension of the avalanche
danger scale (i.e. the probability of triggering an
avalanche), any inference as to how the avalanche
danger levels per se is interpreted by end users
needs a further assumption. However, assuming
that only very few respondents will regard the in-
crease in probability of avalanche triggering to be
linear yet the avalanche danger scale to still in-
crease exponentially due to the the other two di-
mensions, our study provides new and cohering ev-
idence to existing work by Morgan et al. (2023) that
showed more directly, using a North American sam-
ple, that the avalanche danger scale per se is inter-
preted to increase linearly by 65% of their respon-
dents.
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The reasons why it is important to correct a linear in-
terpretation is that it will lead to an underestimation
of the relative increase in avalanche danger with in-
creasing avalanche danger levels, which could, in
turn, lead to a serious underestimation of the in-
curred personal risk of the higher danger levels con-
siderable and high by winter sports participants (for
further discussion, see Morgan et al. 2023; Ebert
et al. 2024).
Lastly, in a finding important for avalanche educa-
tion, we could not identify any clear end user char-
acteristic that would predict that certain groups of
end users are more likely or less likely to give an ex-
ponential response. Surprisingly, the time since par-
ticipating in formal avalanche training also seems
to have no effect on whether the end user pro-
vides an exponential response. The latter find-
ing suggests that the topic of the exponential na-
ture of the avalanche danger scale has not made
it into avalanche education courses in Scotland.
The former more general finding suggests that, for
the purposes of improving avalanche education, the
identified knowledge gap in end user understand-
ing of the avalanche danger scale, applies quite
generally and there are no specific user groups
that are more at risk of a misinterpretation and
ought to be targeted. Even the most experienced
and well-educated users seem not to appreciate
that the probability of triggering an avalanche in-
creases sharply with increasing avalanche danger
level. However, as we noted in section 2.4, given the
sample size our confidence in these findings is low
(though a similar finding is also reported in Morgan
et al. 2023). We hope that this study encourages
others to pursue further research (and collect more
openly-accessible data) on how individuals interpret
the EAWS avalanche danger scale and what effect
it has on their decision-making in avalanche terrain.
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