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ABSTRACT: Avalanche danger levels compress complex avalanche conditions into five categories,
inevitably hiding variation within a level. A fundamental question in risk communication is whether
communicating within-level differences explicitly changes how people make decisions. The Swiss
avalanche warning service provides a rare opportunity: in winter 2022/23 it began publishing sub-level
modifiers (—, =, +) that forecasters had already assigned internally for six winters, while leaving the
forecasting methodology unchanged. We evaluated behavioural responses across the full decision chain,
from tour planning, through terrain choices in the field, to outcomes, and compared forecasting practice
before and after publication. Forecasting practice changed little overall. The only notable shift occurred
within danger level 2, where forecasters assigned 2+ more frequently, likely because the published
modifier communicates “close to level 3 (considerable)” without issuing level 3. In contrast, we found little
evidence that publication altered recreationists’ decisions at any stage of the decision chain. Instead,
users already appeared to respond to within-level differences before they were made explicit, suggesting
that this information was already conveyed through bulletin wording and the observed snow conditions.
Publishing sub-levels thus made within-level differences in avalanche danger explicit, without evidence of
the behavioural changes that some critics had feared.
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1. INTRODUCTION

Avalanche danger levels are one of the primary
means by which avalanche warning services com-
municate regional avalanche hazard to backcoun-
try recreationists. Danger levels generalize the
severity of avalanche conditions into five discrete
categories intended to support decision making
and risk management. The effect of forecast in-
formation on decision making is hard to measure,
but numerous studies have shown that stated or
revealed choices often vary systematically with
the published danger level throughout the deci-
sion process, affecting tour planning (Morgan et al.
2023; Schafer et al. 2025), terrain choices (e.g.,
Winkler et al. 2021; Mannberg et al. 2026), and ac-
cident rates (e.g., Techel et al. 2022; Degraeuwe
et al. 2024).

Avalanche hazard varies continuously and in a
non-linear fashion, yet avalanche warning ser-
vices present this continuum using five ordinal
danger levels. Consequently, considerable varia-
tion exists within every danger level. Forecasters
routinely distinguish these within-level differences
during hazard assessment (Miiller et al. 2025)
and communicate them in various ways, for ex-
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ample through specifying slope aspect and eleva-
tion, avalanche problems, descriptions highlighting
where hazardous conditions are most likely and
how large avalanches may become (e.g., Hutter
et al. 2021). A fundamental question, however,
is whether making these within-level differences
more explicit changes how people make decisions.

One approach to communicate within-level varia-
tions is the use of explicit sub-level modifiers. The
Swiss avalanche warning service therefore intro-
duced sub-level modifiers indicating where condi-
tions lie within a danger level (Techel et al. 2020).
During six forecasting seasons (since 2016/2017),
forecasters internally assigned sub-level modifiers
to danger levels (e.g., 2—, 2=, 2+, 3—, 3=, 3+;
Fig. 1) depending on whether avalanche condi-
tions are relatively high or low within a level, while
leaving the underlying danger level unchanged
(Techel et al. 2020; Techel et al. 2022). Previ-
ous work demonstrated that these internally as-
signed sub-levels capture meaningful differences
in avalanche hazard. Within the same danger
level, higher sub-levels are generally associated
with larger avalanches and a greater likelihood of
natural avalanche activity and human triggering
(Techel et al. 2022). Since winter 2022/23, these
sub-levels? have been published as part of the
avalanche bulletin (Lucas et al. 2023).

2In the following, we refer to sub-levels but always mean
the combination of danger level and sub-level modifier.
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Figure 1: Avalanche danger sub-levels used in
the Swiss avalanche bulletin. Because avalanche
danger changes continuously and increases dis-
proportionately across the five danger levels, the
sub-level modifiers (—, =, +) indicate whether con-
ditions are at the lower, middle, or upper end of a
danger level (SLF 2026).

While surveys conducted shortly after the intro-
duction showed that most users correctly under-
stood the concept of sub-levels (Lucas et al. 2023),
an important practical question remained unan-
swered: does publishing this additional informa-
tion change how people behave? A lower sub-
level (e.g., 3—) might be interpreted as “almost
level 2°, encouraging users to accept greater ex-
posure. Conversely, an upper sub-level (e.g., 3+)
could be perceived as “almost level 4”, leading
to more conservative decisions. Whether making
within-level information explicit measurably influ-
ences recreationists’ decisions has not yet been
empirically evaluated. Switzerland provides a rare
opportunity to address this question. Avalanche
forecasters have assigned sub-levels operationally
since winter 2016/17, but they were not published
until winter 2022/23. The underlying forecasting
methodology remained unchanged. This makes it
possible to isolate the effect of making within-level
information explicit from changes in the forecast
itself.

In this study, we estimate behavioural responses
across the full decision chain — from tour planning,
through terrain choices in the field, to eventual
outcomes — using route clicks on a tour-planning
platform, condition reports, model-predicted tour-
ing activity, GPS tracks, and avalanche accident
records, comparing four winters after publication
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with the six preceding winters. We thereby test
whether publishing sub-levels leads to systematic
changes in recreationists’ choices within a given
danger level.

2. DATA

To evaluate responses across the full decision
chain, we combined operational avalanche fore-
casts with several datasets representing forecast-
ing practice, tour planning, touring activity, ter-
rain exposure, on-tour decisions, and avalanche
accidents (Tab. 1). All analyses were restricted
to backcountry ski touring in the Swiss Alps and
to forecasts containing a dry-snow danger rat-
ing. Off-piste skiing (lift-accessed terrain outside
marked runs) was excluded because decisions in
lift-accessed terrain may differ systematically from
those made during backcountry tours (e.g., Zweifel
and Wager 2008; Sykes et al. 2020; Yoshizawa
et al. 2025).

Operational avalanche forecasts, published daily
by WSL Institute for Snow and Avalanche Re-
search SLF, provided the assigned danger level
and sub-level for each Swiss forecast micro-region
and day.

Tour-planning behaviour was represented by route
clicks on the Skitourenguru planning platform.
Each record contains the selected route and the
time of the click. The platform rates routes using a
green—orange—red risk indicator that incorporates
avalanche danger sub-levels. These were sup-
plied to Skitourenguru before their public release in
the avalanche bulletin. Users were therefore indi-
rectly exposed to sub-level-informed route recom-
mendations throughout the study period. Previous
work has shown that route clicks are related to ob-
served backcountry touring activity, with observed
activity typically peaking one day after peaks in
route clicks (Schéafer et al. 2025).

Touring activity was represented in two comple-
mentary ways. First, we used user-generated con-
dition reports documenting completed ski tours
from Gipfelbuch, Camptocamp and Hikr. Second,
we used cross-validated predictions from an activ-
ity model trained on user-generated tour reports to
estimate backcountry touring activity for each fore-
cast micro-region and day (Schéafer et al. 2025).
The model used the avalanche information avail-
able to users as a predictor: the danger level be-
fore publication and the danger level including its
sub-level after publication.

Terrain exposure was represented by two datasets.
Ski difficulty ratings were obtained from Campto-


https://www.skitourenguru.com/
https://www.gipfelbuch.ch/verhaeltnisse/uebersicht
https://www.camptocamp.org/outings?qa=draft,great&bbox=724163,5570549,1106639,6252244
https://www.hikr.org/
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Table 1: Datasets and behavioural proxies used in this study. Data availability differs between datasets.

Decision stage Dataset Behavioural proxy or response Before After
publication publication

Forecasting Avalanche Distribution of avalanche danger sub-levels 116’444 88773

practice forecasts

Tour planning Route clicks Proportion of clicks on demanding routes 1.6 million®¢ 3.5 million

Touring activity Condition reports Relative number of reported tours 21'730° 12’788
Activity model Relative model-predicted touring activity 99’178 79’480
predictions

Terrain exposure  Condition reports Proportion of tours with ski difficulty rating 5923° 3'788
(ski rating) >3
GPS tracks Proportion of track points in typical 1'626° 1’366

avalanche terrain

On-tour decision  Condition reports Proportion of tours terminated before 12'883° 36314
(turning around)  reaching the summit

Behavioural Avalanche Accident occurrence normalized by 389° 440

outcome accidents model-predicted touring activity

@ micro-regions x days; ® number of route clicks, condition reports, GPS tracks, or avalanche accidents

¢ since Nov 2020; ¢ only two of four winters

camp condition reports. In addition, GPS tracks
provided the routes travelled by backcountry recre-
ationists (collected from the platforms Campto-
camp, Gipfelbuch, Hikr, Skitourenguru). The
first reflects the steepness of the chosen route,
whereas the second captures where people actu-
ally travelled.

On-tour decisions were represented by Gipfelbuch
condition reports indicating whether a tour had
been terminated before reaching the summit.

Finally, avalanche accidents involving backcoun-
try ski tourers were obtained from the Swiss
avalanche accident database. The dataset was
restricted to backcountry touring and excluded ac-
cidents in off-piste terrain.

3. METHODS

Although the datasets represent different stages of
the decision process (Tab. 1), all analyses followed
the same logic: we compared the relationship be-
tween the assigned sub-level and the respective
behavioural response before and after publication.

3.1. Study design

The publication of sub-levels in winter 2022/23
created a natural before—after setting. Because
publication affected all users simultaneously, a
control group is not available. Consequently, any
temporal change coinciding with winter 2022/23
could potentially be attributed either to publication
or to unrelated developments. The analyses there-
fore assess changes in the relationship between
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sub-levels and behavioural responses rather than
providing a controlled estimate of the causal effect
of publication.

3.2. Data preparation

Each observation was linked to the valid avalanche
bulletin for its location and day. The assigned dan-
ger level, including its sub-level modifier, served
as the explanatory variable. For each response,
we compared the sub-level relationship before and
after publication. Danger level 1 has no sub-levels
(Fig. 1), while 4—, 4=, and 4+ were combined
because of sparse observations.

Routes were classified as demanding at SAC ski
touring grade ZS or higher (Schweizer Alpen-Club
(SAC) 2025, approx. equivalent to French AD),
GPS track points in typical avalanche terrain (ter-
rain indicator Tl > 0.5; Schmudlach et al. 2018),
and reported tours with ski difficulty rating > 3,
corresponding to sustained slopes of about 35°
with short sections up to 40-45° (Camptocamp
n.d.). Touring activity was normalized within each
winter so that the winter mean equalled one. Turn-
ing back was treated as a binary response, and
accident occurrence was normalized by model-
predicted touring activity.

3.3. Statistical analysis

For visualization, response estimates were calcu-
lated for each winter and subsequently averaged
within each period; t-based 95% confidence inter-
vals (Cls) quantify variation among winter-specific
estimates. In behavioural figures, Cls were dis-
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played only where estimates from at least three
qualifying winters were available (cell minima: 200
clicks, 20 GPS tracks or Camptocamp tours, and
30 turn-back reports). Danger level 4 was treated
as descriptive and shown without Cls. Individual
winters are displayed in all figures.

Publication effects were tested by adding a sub-
level x period interaction. Proportions, includ-
ing turn-back rates, were analysed using quasi-
binomial generalized linear models, and accident
counts using quasi-Poisson models with log model-
predicted activity as an offset; interactions were
evaluated using F'-tests. Relative activity was anal-
ysed using linear mixed-effects models with a ran-
dom intercept for winter to account for repeated
sub-level estimates within winters, and interac-
tions were evaluated using likelihood-ratio tests.
Changes in sub-level assignment were assessed
using winter-level comparisons and permutation
tests.

4. RESULTS

4.1. Sub-level assignment by forecasters

Publication was not accompanied by a system-
atic shift towards generally higher or lower assign-
ments: the weighted mean sub-level was 2.15
before and 2.19 after publication (permutation test,
p = 0.66), and the distributions were similar from
3— upwards (Fig. 2). Within danger level 2, how-
ever, assignments shifted upwards after publica-
tion. Conditional on danger level 2 being issued,
the share of 2+ rose from 23.3% to 33.3% and that
of 2— fell from 31.2% to 24.6% (p = 0.014), while
2= was largely unchanged (45.5% vs. 42.1%).
Overall, 2+ accounted for 9.6% of all forecasts
before and 16.5% after publication of sub-levels
(p = 0.005); each of the four winters after pub-
lication exceeded all winters before publication,
and the six winters before publication showed no
trend (8.8—-10.9%), indicating a step change rather
than a gradual drift. The proportion of level 1 was
lower after publication (14.8% vs. 20.7%) but var-
ied strongly between winters and plausibly reflects
snow conditions.

4.2. Backcountry tour planning

As contextual evidence on tour planning, we anal-
ysed clicks on ski touring routes on the Skitouren-
guru planning platform (Fig. 3a). Because its risk
indicator incorporated sub-levels throughout the
study period, including before their public release,
this analysis does not directly test the effect of
publication. In both periods, clicks on demand-
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Figure 2: Distribution of forecasted avalanche dan-
ger sub-levels before (black) and after (blue) pub-
lication. Thick solid lines show the unweighted
mean of the winter-specific proportions within each
period, thin dashed lines show individual winters,
and shaded areas show the corresponding 95%
confidence intervals of the period means across
winters.

ing routes peaked at danger level 2— and subse-
quently declined with increasing sub-level. The
relationship did not differ between periods (inter-
action: p = 0.28). Descriptively, click proportions
were lower after publication at danger level 1 and
2— but converged or reversed at higher sub-levels,
providing no consistent temporal pattern.

4.3. Backcountry touring activity

To investigate whether publication of sub-levels
affected the decision to undertake a backcountry
tour, irrespective of the chosen route, we anal-
ysed model-predicted backcountry touring activ-
ity (Fig. 3b), normalized within each winter to ac-
count for differences in overall activity between
winters. Model predictions provide estimates for
all forecast-region days, including those without
user-generated reports, reducing sensitivity to un-
even spatial and temporal reporting coverage. Be-
cause the predictions are derived from observed
reports and are not an independent activity proxy,
we additionally analysed the reports directly as a
sensitivity analysis (not shown).

Both model-predicted and observed activity were
highest at danger level 2— and subsequently
declined with increasing sub-level. For model-
predicted activity, differences between the peri-
ods were largest within danger level 2, whereas
differences within danger level 3 were generally
small. There was no evidence that the relationship
between sub-level and model-predicted activity dif-
fered between periods (interaction: p = 0.10).
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(a) Tour planning: demanding routes
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Figure 3: (a) Proportion of clicks on demanding ski touring routes on Skitourenguru and (b) model-
predicted backcountry touring activity normalized within each winter so that the winter mean equals
one. Thick solid lines show period means, thin dashed lines individual winters, and shaded areas 95%
confidence intervals across winters. Confidence intervals are shown only where qualifying estimates are
available for at least three winters. Estimates for 4 (high) are shown descriptively using dotted lines and
without confidence intervals because observations were sparse. In (a), there was insufficient data for the

before period to calculate CI.

The directly observed tour reports showed a simi-
lar overall relationship with avalanche danger and
likewise provided no evidence that the activity—
sub-level relationship changed after publication
(interaction: p = 0.71). Descriptively, observed
activity at 3+ was lower after publication, whereas
this difference was small in the model predictions;
uncertainty in the observed estimates was substan-
tial. Overall, neither analysis provided evidence
that publication of sub-levels altered the relation-
ship between avalanche danger and the decision
to undertake a backcountry tour.

4.4. Terrain exposure

To investigate whether publication was associated
with changes in terrain selection, we compared two
terrain proxies before and after publication. For
GPS tracks (Fig. 4a), we analysed the proportion
of track points located in typical avalanche terrain
within the forecast core zone, that is in the aspects
and elevations where the forecast danger level
applies. For Camptocamp reports (Fig. 4b), we
analysed the proportion of tours with a ski rating
> 3.

Across both terrain proxies, terrain exposure was
generally higher after publication. For GPS tracks,
the proportion of track points located in typical
avalanche terrain increased by 1-7 percentage
points across most sub-levels. For Camptocamp
reports, the proportion of tours in steeper terrain
increased by up to 11 percentage points. Overall,
both proxies showed similar relationships between
terrain exposure and avalanche danger before and
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after publication, with no evidence that these re-
lationships differed between periods (interaction:
GPS p = 0.58, Camptocamp p = 0.28). Descrip-
tively, however, the decline from 24- to 3— was less
pronounced after publication in the GPS data but
somewhat more pronounced in the Camptocamp
ski ratings. These opposing patterns provide no
consistent indication of a change in terrain selec-
tion at the boundary between danger levels 2 and 3.
Higher terrain exposure was also observed at dan-
ger level 1, where no sub-level exists, indicating
that the overall increase cannot be attributed to
the publication of sub-levels. Instead, it may re-
flect broader differences between the two periods,
such as changes in the reporting population or a
general shift towards the use of steeper and more
exposed terrain, independent of the publication
of sub-levels. Overall, we found no evidence that
publication of sub-levels altered the relationship
between terrain choice and avalanche danger.

4.5. Turning back

To investigate on-tour decision making, we
analysed Gipfelbuch condition reports indicating
whether recreationists turned back before reaching
the summit (Fig. 5a). The proportion of tours where
participants turned back generally increased with
avalanche danger, from 4-5% at danger level 1 to
about 10% at danger level 3=. There was no evi-
dence that the relationship between sub-level and
turning back differed between the periods before
and after publication (interaction: p = 0.60). Al-
though the overall turn-back rate was higher after
publication (5.7% before vs. 7.3% after, p = 0.001),
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(a) Use of typical avalanche terrain
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Figure 4: (a) Proportion of GPS track points located in typical avalanche terrain within the forecast core
zone and (b) proportion of Camptocamp tours with ski rating > 3. Display conventions and treatment of
sparse estimates as in Fig. 3. In (a), there was insufficient data for before for 3+ and 4 (high).

this increase occurred across all danger levels,
including danger level 1, where no sub-level ex-
ists. It is therefore unlikely to be attributable to the
publication of sub-levels. Instead, it may reflect
broader between-period differences, as discussed
in Section 4.4.. The increase may also be related
to the higher observed terrain exposure after pub-
lication (Fig. 4), as more demanding or exposed
tours could create more situations in which parties
decide to turn back. However, terrain exposure
and turn-back were assessed using separate data
sources and could not be linked at the level of
individual tours. Overall, we found no evidence
that publishing sub-levels influenced turn-back de-
cisions during a tour.

4.6. Avalanche accidents

Finally, we investigated whether publishing sub-
levels was associated with changes in avalanche
accident occurrence (Fig. 5b). The annual num-
ber of recorded accidents increased overall and
in an almost continuous fashion from 47 in win-
ter 2016/17 to 117 in winter 2025/26, although it
varied among winters. The steady increase likely
reflects at least in part increased reporting over
time. For each winter and sub-level, we divided
accident counts by model-predicted touring ac-
tivity and expressed the resulting rate relative to
the winter-wide accident-to-activity ratio. This ac-
counts for exposure and removes between-winter
differences in the overall accident-to-activity ratio.
Two alternative normalization approaches, based
on the frequency with which sub-levels were is-
sued and on observed user-generated touring ac-
tivity, produced qualitatively similar results (not
shown).

After accounting for exposure, accident rates in-
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creased progressively with avalanche danger. Us-
ing model-predicted activity, relative accident rates
increased approximately 35-fold from 1 (low) to
3= in both study periods. The corresponding
descriptive increases were smaller when rates
were normalized by observed activity (19-fold be-
fore vs. 29-fold after publication) or sub-level fre-
quency (15-fold vs. 22-fold). There was no evi-
dence that the relationship between sub-level and
accident rate differed between periods for any of
the three normalization approaches (interaction
tests: model-predicted activity, p = 0.56; observed
activity, p = 0.89; sub-level frequency, p = 0.76).
Likewise, there was no indication that publishing
sub-levels increased accident occurrence at the
lower sub-levels. Descriptively, the mean relative
accident rate at 3+ was lower after publication, but
uncertainty was substantial.

5. DISCUSSION

Overall, publishing sub-levels had little measur-
able effect on recreationists’ behaviour, despite
representing a substantial change in how forecast
information was communicated.

5.1. Forecasters

The clearest change following publication occurred
among forecasters rather than users. Within dan-
ger level 2, assignments shifted towards more fre-
quent use of 2+ after publication, while the over-
all distribution of sub-levels remained largely un-
changed. A plausible explanation is that publica-
tion gave the upper sub-level a communicative
function it previously lacked: before publication,
2+ was an internal annotation that users never
saw, whereas afterwards it provided a way to com-
municate conditions close to danger level 3. The
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(a) Turn-back rate
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Figure 5: (a) Proportion of tours that were turned back before reaching the summit and (b) avalanche
accident rates normalized by model-predicted backcountry touring activity. Display conventions and
treatment of sparse estimates as in Fig. 3. In (a), there was insufficient data for the after period to calculate

Cl.

alternative explanation, that winters after publica-
tion simply contained more situations warranting
2+, cannot, however, be ruled out, though this ex-
planation seems unlikely. The six winters before
publication show no temporal trend, whereas all
four winters afterwards consistently exhibit higher
frequencies of 2+. Whether this shift represents
a desirable improvement in forecast communica-
tion or an unintended tendency to avoid issuing
danger level 3 remains an operational question for
discussion within the warning service.

5.2. Interpreting the limited behavioural response

Across the behavioural proxies, we confirmed that
recreationists react to environmental conditions
but found remarkably little evidence that publishing
sub-levels altered recreationists’ behaviour. The
absence of measurable behavioural changes does
not imply that sub-levels are uninformative. Be-
haviour consistently varied with sub-level, both
within and between danger levels, regardless of
whether the modifiers were publicly visible.

Our findings instead suggest that much of this
information already reached users before publica-
tion. Avalanche forecasters communicated these
differences through the bulletin text, the spatial fre-
quency and locations of potential avalanche trigger
points, and other forecast elements (Hutter et al.
2021), while planning tools such as Skitourenguru
already incorporated sub-levels into their risk esti-
mates. Recreationists also updated their decisions
based on the conditions encountered in the field.
The value of publishing sub-levels may therefore
lie less in altering decisions than in making the
severity of avalanche conditions more transparent,
particularly for less-experienced users. Encour-
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agingly, this increased transparency did not lead
to the feared interpretation that lower sub-levels
justify more aggressive terrain choices, although
continued monitoring remains warranted.

Previous research also suggests that behavioural
responses to sub-levels are unlikely to be uniform
across users. While users generally understand
the concept, perceive it as useful, and many re-
port that it would influence their planning decisions
(Lucas et al. 2023), users differ substantially in
how they seek, process, and apply bulletin infor-
mation (St. Clair et al. 2021), and even users with
similar experience or training may respond differ-
ently to the same forecast information (Neweduk
and Haegeli 2025). Experienced recreationists
integrate multiple sources of information beyond
the danger rating (Morgan et al. 2023), whereas
others make only limited use of avalanche fore-
casts (Slimkowich and Haegeli 2025). Moreover,
consulting forecast information does not neces-
sarily imply that it is retained or correctly applied
in the field (Trachsel et al. submitted). Against
this background, the absence of a strong average
behavioural response is perhaps less surprising.

5.3. Limitations

The principal limitation of this study is that pub-
lishing sub-levels represents only one component
of the information influencing recreationists’ de-
cisions (e.g., Schafer et al. 2025). Backcountry
behaviour is shaped by many additional factors,
including weather, snow quality, available time,
group dynamics, planning tools, and observations
related to avalanche conditions such as recent
avalanche activity. Consequently, even if publi-
cation had influenced decision making, its effect
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may have been too small to detect against these
stronger determinants.

Residual confounding in the before—after design
(discussed in Section 3.1.) cannot be excluded:
changes coinciding with winter 2022/23 may re-
flect publication, broader temporal developments,
or both. Moreover, exposure to sub-levels was
not strictly confined to the after period: Skitouren-
guru users saw sub-level-informed route ratings
throughout the study period, biasing our compar-
isons towards finding no change, and the before-
period route clicks stem entirely from two pan-
demic winters with exceptionally high touring activ-
ity. To mitigate this, we analysed the relationship
between sub-level and behaviour rather than ab-
solute activity, normalized behavioural measures
within each winter, and compared multiple inde-
pendent proxies across the decision chain. Sev-
eral datasets additionally cover only part of the
study period (Table 1), and self-reported data are
subject to reporting bias. This applies particularly
for outcomes such as turning back or avalanche
accidents, where the reporting decision itself may
depend on the tour outcome. The proxies should
therefore not be read in isolation; their consistency
across the decision chain provides stronger evi-
dence than any single dataset alone.

6. CONCLUSION AND OUTLOOK

Across seven proxies spanning the full backcoun-
try touring decision chain, we found little indica-
tion that publishing sub-levels changed how recre-
ationists planned tours, selected terrain, or turned
back, nor did we observe behavioural patterns
consistent with the misinterpretation some had
feared. The most visible change occurred in fore-
casting practice, where the upper sub-level 2+
gained a clearer communicative role and was as-
signed more frequently. That behaviour varied
consistently with sub-level even before publica-
tion, and that exposure-adjusted accident rates
differed markedly even between sub-levels of the
same danger level, both support previous studies
showing that sub-levels capture meaningful differ-
ences in avalanche conditions (e.g., Techel et al.
2022). Our findings therefore shift the question
from whether sub-levels carry meaningful informa-
tion to how that information can best be communi-
cated.

Several questions remain open. Our data also
suggest broader changes over time that were un-
related to any detectable effect of publishing sub-
levels: terrain exposure was generally higher after
publication, and the number of recorded accidents
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increased substantially. Whether these patterns
reflect growing participation, changes in the report-
ing populations or reporting rates, or genuine shifts
towards steeper terrain and greater risk exposure
remains unresolved. A survey planned for next
winter will investigate users’ application of sub-
level information during tour planning and while
on tour directly rather than through behavioural
proxies. We deliberately excluded off-piste terrain,
where avalanche forecasts may play a smaller
role. However, with about 30% of avalanche in-
volvements in the Swiss Alps occurring in off-piste
terrain over the past two decades (Haberkorn et
al. 2025), whether and how forecast information
reaches these users deserves separate attention.
More generally, the behavioural impact of addi-
tional forecast information remains poorly under-
stood. For example, despite the widespread use of
avalanche problems in operational bulletins, there
is still little empirical evidence that this information
changes decisions (Winkler et al. 2021; Mannberg
et al. 2026). Future research should evaluate not
only whether additional forecast elements are un-
derstood, but whether, under which circumstances,
and how they reach users and influence their be-
haviour.
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