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1 Summary and recommendation

The presented article describes an evaluation of a recently developed look-up table for the avalanche danger level during
operational use. Results from 26 avalanche forecasting services were compiled and analyzed. The results stimulate ongoing
discussion on (the use of) concepts in avalanche forecasting. Finally, suggestions to modify the table are made. There is no
doubt that the present work is important for the European avalanche forecasting community — and may in the mid-term
improve forecasting consistency and transparency. Some of the article’s key points:

For most of the cases, the authors found good agreement of issued and matrix-suggested danger levels. However,
this could be expected as again the “same” population, i.e. avalanche forecasters, were questioned — only this
time, in a real-life forecasting setting.

Results in some cells of the table, and in two cells in particular, were more dispersed than in other dry-snow
situations. The authors provide hypotheses, but a clear explanation for the observed differences does not seem
in reach, yet.

More importantly, wet- and glide-snow avalanche situations led to considerable differences between issued and
matrix-suggested danger levels. It seems that the look-up table, and in particular the concepts behind, could not
be applied with sufficient rigor. Vague stability descriptions and other workarounds may be at the origin of the
observed differences.

A finer resolution for some cells is demonstrated based on evaluations from 2 forecasting services. The value of
finer resolution remains unclear for risk management and applicability in forecasting services. The look-up table
relies on a classification concept with discreet and clear-cut classes, after all.

The suggested simplification of the look-up table can be regarded a practical outcome. Some cells were only rarely
used during the 2 winters of testing. Some cells showed a majority vote for one choice of danger level.
Modifications are suggested but the final result need to be published.

Some questions arose during the review regarding methodology and interpretation of the results. Improved descriptions
of stability and frequency classes seem of major importance for the success of the project. | structured my comments into
major comments, which address the analysis and the interpretation of the results, and minor comments related to
presentation and writing.

Overall, the study seems suitable for Natural Hazards and Earth System Sciences. | hope the comments are helpful in
bringing the manuscript to publication.



2 Major comments
2.1 Independent data

Building on expert opinion is an obvious way forward to create a decision aid. The EAWS matrix or look-up table is being
developed this way. While one may argue that this approach may also lead to better acceptance in the forecasting
community, cultural differences between forecasters due to empirical local knowledge in the Alpine countries (UNESCO
intangible cultural heritage), errors from data interpretation (during temporal or spatial extrapolation from point data or
when treating uncertainty) or discrepancy in concept application (e.g. stability classes for dry- or wet-snow situations)
introduce uncertainty along the way (of building the desired decision tool). Some of the limitations are mentioned in section
6.3., but readers may wonder how the present study deals with or even mitigates the issues.

The authors state in the Introduction (L49) and in the Discussion (L337) that the assessed parameters are not measurable.
This lack of an “independent reference” (L337) is somewhat true for the danger level, but less so for the input parameters of
the look-up table. Frequency distributions were derived from avalanche observations, stability tests or snow pits (including
tests). A classification for dry-snow stability classes is available in Schweizer et al. (2021). Hence, examples of typical
avalanche situations and their respective stability/frequency classes — and possibly, independent data to verify the danger
level, are available. Such data will not do the job of choosing the final danger level (which remains the goal of the look-up
table), but uncertainty in data interpretation, and difficulty in concept application are mitigated; possibly making for useful
complement data. These data should not go unmentioned, and even be considered for improving the descriptions of the
frequency classes and stability classes (= other comment).

The authors explain their choice of methodology, which is appreciable. Nevertheless, the article can benefit from clearer
arguments and some adjustments regarding the methodology. Hence, the authors are encouraged to include some data
from research publications describing the triplet stability/frequency/size and the (forecast/verified) avalanche danger level.

e Data from avalanche observations (Schweizer et al., 2020), stability tests (Techel et al., 2020), and possibly other
data such, possibly (stratified) numerous field measurements, may help to corroborate / discard danger level
choices in some fields. The challenge of choosing a danger level will persist, if the data lack unambiguous
evidence, but due to interpretation of large data and rigorous concept application the results will be dependable.
They can likely resolve the most classic situations and fix a (single) danger level.

e Well-documented situations of the past can illustrate this article. To do so, data need to be compiled to choose
factor classes and independently, fix the danger level. Presenting these situations in the article (very synthetic
and schematic presentation, supplementary material?) will improve the readers’ understanding of the forecasting
challenges. Furthermore, these situations will serve the forecasting community as benchmarks when familiarizing
with the concepts or in trainings.

Such situations should cover a wide range of classic situations covering dry-, wet- and glide-snow situations, include skier-
triggering only, natural release etc. They should provide the key for a user of the look-up table to what a classic “poor-some-
2 = moderate” looks like (in hindsight with the best possible data available).

2.2 Two levels in one field

Readers may wonder why the final table does still show up to two levels per field with one of them not corresponding to the
color of the field. Wasn’t the goal of the desired decision aid to promote consistency in the choice of the danger rating? Don’t
optional choices invite for deviation from the concept?



Could the authors provide in their manuscript a final version of the look-up table highlighting the suggested changes? (the
avalanches.org webpage seems to show a somewhat updated version)

Moreover, why are secondary danger levels provided in the white/no-shaded fields that are considered rare/implausible
situations. If data are sparse, then shouldn’t those fields simply not show a rating or shouldn’t only one rating be suggested
in parenthesis to indicate implausibility?

Discrete levels are inherent to classifications. As the authors state, the benefit of the look-up table lies within improving
consistency by promoting concepts in the forecasting community. This is to a large part due to the classification’s simplicity
and not due to the ultimate level of detail the classification allows for. The simplest table with clear-cut classes would come
closest to this goal. Here are two supporting arguments:

- The danger level sets the stage in the risk management strategies but alone, will never make up the decision. (Effective
risk management depends on understanding the characteristics of an avalanche situation — probably communicated by
avalanche problems, factor classes, ...). Users do not need a single number “that does it all”, but rather a transparent
reasoning behind a danger level — consistent with the additional information possibly provided (e.g. factor classes).

- The possible resolution of the factor estimates (and finally the danger level) varies across forecasting services and
regions. The look-up table need to remain applicable for (most) avalanche forecasting services/scenarios/regions. A small
number of well-defined classes seems to be key — again.

If sub-classes are introduced or fields further divided (Figure 8) the classification concept is being eroded and the ultimate
goal may move out of sight. To this end, | encourage the authors to reflect on the use of the classification concept and the
required level of detail. In this context suggestion to refine the matrix made in L434 should be given a second thought and
possible disadvantages and constraints (see above) mentioned.

2.3 Definition of stability and frequency classes used in the study

The presented results for wet and glide-snow situations show a large spread, in particular with respect to the stability classes
(see use of “very poor”). As current definitions, in particular for wet-snow situations (tables in appendix), lack tangible
elements, it is no surprise that results are somewhat inconsistent. In Europe, traditions to deal with avalanche hazard vary
between countries/cultures. Hence, unambiguous definitions are paramount and will condition any multi-cultural evaluation
in Europe.

The reference documents offer plenty of room for improvement regarding factor estimation. In the following, | try to provide
some starting points to revise in particular the definitions of the classes shown in the annex documents (and on the
avalanches.org webpage?).

” u

Table A1, describing point scale snow stability classes, provides little conclusive information (definition of “difficult,” “easy”,
“very easy”?), is miss-leading (“natural” cannot be a special case of “very easy to trigger”) and lacks information to assess
stability classes in wet and glide snow situations.

To provide some examples, the word “trigger” (which relates to artificial triggering) appears in the class “very poor”, next to
an example “natural”. According to the table caption, the table refers to the point scale, however, the observations of
avalanche release mentioned in the column “description” happen at the slope scale (see use of key words artificial triggering
or natural release). What is the relevant stability class in wet-snow situations (no mention in the table)? Point releases only,
linear fracture lines expected, “skier sluffs” only, secondary release of persistent weak layers? The authors state in the article
that if natural wet-snow activity is forecast, they expect the category “very poor” to be chosen. In a number of cases,
however, wet-snow activity can be exclusively limited to point releases. Then, the snowpack stability class can be “good/fair”



as weak layers are not present in the snowpack and humidification leading to avalanches with linear fracture lines (crowns)
can be ruled out. How would this situation be treated in terms of snow pack stability? | assume that those avalanche
situations could be separated by size, which is, however, not a first-level entry parameter to the matrix. The referenced
document (EAWS 2025a) mentions “artificially triggered wet-snow avalanches” in the “(very) poor” category for wet-snow
conditions. Either the avalanche type or the release mode is to be changed here.

Along the lines of the definitions of snow instability on the EAWS webpage, table 1 should

Separate dry, wet and glide snow problems,

Explicitly refer to avalanche types (including point releases) when providing examples,

Clearly distinguish natural release and artificial triggering, and most importantly

Provide tangible snowpack descriptions (see table Al for dry-snow instability in Schweizer et al., 2021)

A description solely based on tests (and omitting) stratigraphy is difficult in a forecasting context, as stratigraphy is more
easily extrapolated and is less variable in time and space, ... and is probably also more widely available in forecasting services.

Table A2, which describes frequency classes, should be revised. The definitions of the classes “some” and “a few” lack
tangible descriptors. In the second line describing the class “some”, for instance, points in the terrain won’t be “many” or “a
few”, which are the descriptors of the neighboring classes! Moreover, describing a qualitative descriptor, like “a few” with
another one, such as the descriptor “rare” does help for application — in particular if they do not refer to the same quantity.
Please consider frequency definitions in related fields such as IPCC or also medical sciences (key word rare diseases).
Descriptions should include:

— Examples from validation studies where point instability frequencies were documented (Schweizer et al. (2003),
Schweizer et al. (2020), Techel et al. (2020)...)

— Examples with dry snow natural release (i.e. stability class very poor) where the frequencies are known. Those are the
only situations where “all” points were tested in the terrain. Similar data are available for natural wet-snow release
(possibly separation by avalanche types necessary, i.e. point release / linear fracture lines).

Table A3 provides descriptors useful for communication with a wider public, but is too vague for conducting a study with
experts in the field of avalanche forecasting. The column should provide descriptions which are useful in a forecasting setting,
such as expected avalanche type (point releases / linear fracture lines, skier triggering only, natural release, ...) or typical
release volume (usually estimated from forecast stratigraphy). In this way, situations can be better constrained, and choices
become easier. An additional column should provide examples such as: Point releases due to snow surface wetting will hardly
ever exceed a size2 due to the limited volume in the release area. Stratigraphy with around 50 cm of hardness first in starting
zones, can easily exceed avalanche size 2.

2.4 Compliance with the suggested danger level

Another strong point of the article is that the authors managed to shed light on how the forecasting services comply with
the matrix.

— In summary LL 264 -275 say: For the combination poor-some-size2 group C chose about as often danger level “2-
moderate” as danger level “3-considerable. Group A chose danger level “2-moderate” 4 times more often for the same
factor combination. This is a discrepancy, but even more alarming are the choices for the combination very poor-some-



size3: group C chose 2.5 times more often danger level “4-high” than danger level “3-considerable”, but the choices of
group A are inversely related: about 4 times more often danger level “3-considerable” than danger level “4-high”.

Monitoring matrix compliance seems to be an interesting path for forecasting services to identify diverging situations. If they
manage to identify and train they can increase their forecasting quality/consistency. Could be included in conclusions. For
now this subjected is touched on in the discussions section in L430.

2.5 Avalanche size

Avalanche size has been recently been identified as a relevant element, but as an element of secondary importance in danger
level assessments. Avalanche size is particularly important to distinguish between level considerable and high (e.g. Techel et
al. 2020, Schweizer et al. 2020). Only rarely it can be decisive between levels “1-low” and “2-moderate” and “3-considerable”.
In the current version of the look-up table avalanche size seems to play a more important role. For a given stability class
(“very poor” or “poor”) and frequency class (e.g. “some”) the decision on avalanche size determines the choice between
levels “4-high”, “3-considerable” and “2-moderate” and possibly even “I-low”.

How can the structural choice of the look-up table be corrected for reconciliation with non-negligible research results that
were obtained from a wide range of conditions and large data.

2.5.1 Analysis

— 176: “We then computed the proportion of disagreement between the forecast and Matrix-derived danger levels
across different danger levels, avalanche problems, and warning services [...].” Not clear what has been done. A
disagreement rate of danger level estimates (between issued value and matrix-suggested value) was calculated. It
seems like the danger levels referred to different reference units (across different avalanche problems??) or that
averages were computed (across different danger levels??). Please clarify.

— L198: The assumption that Scottish data represents (mostly) dry-snow conditions should be justified, for instance by
snow cover model data or snow climate data. Still, if more than 50% (~mostly) of the data are dry-snow conditions,
this is a strong simplification.

— L222: “At danger level 1 (low), only 17% of the cases were described using very poor stability, suggesting that natural
avalanches were rarely considered.” Neither do 17% correspond to “rare” (see e.g. IPCC frequency definitions), nor
does the class “very poor” exclude artificial triggering.

— L223-226: “According to the intended logic [...]. Thus the data implies that neither natural avalanche activity nor
human-triggered avalanches were considered relevant in more than half of the cases (56%).” The reader wonders what
the avalanche problem finally was. The description of the class “fair” reads: “difficult to trigger”, hence one would
assume that triggering avalanches is possible in “fair”. In general, in danger level “1-low” or “2-moderate” (also 17%
of the cases in class “fair”) avalanches are still triggered by single people, and not exclusively by explosives or groups,
but avalanche prone locations and also trigger locations are just less frequent. Please consider rewording.

— L243: “Across all danger levels, most Matrix cells were predominantly used for a single danger level, [...]” Well, in the
end one single number need to be chosen — indicating the danger level. Please consider rewording and checking the
instances with “single danger level” in the manuscript (other instances, e.g. L259, L347, L417).



— L258: “Most Matrix cells were associated with a single danger level, and overlaps were rare”. No surprise, as this is the
definition of Group A: high compliance. You may even say “in almost all cases” instead of “most”.

— L259: “fair—a few—size 1”, shouldn’t it be size 2?

— L263: “indicating greater overlap in the use of the same factor combinations for different danger levels” (Also see
instance in L259.) What it is that overlaps? It looks like several factor combinations (more combinations than the matrix
suggests) led to the one (issued) danger level. This happened more often than in Group A — which obviously
corresponds to the definition of compliance....

2.5.2 Interpretation

Comparisons of the obtained results with benchmark situations are appreciated. In some instances, | would like the authors
to double check their statements and adapt the wording if needed.

— L225: The conclusion: “Thus, the data imply that neither natural release ...” does not seem in line with the stability
classes in table Al. In the class “fair” skier triggering still seems possible, but “difficult”. Please consider revision.

— L255 and following: these paragraphs talk about compliance. Please consider to shorten and condense the message.
Also see section Minor comments.

— L268: “neighboring cells” How do we know? The choice was a different size, frequency class or possibly even stability
class? Well, what does “neighboring” actually mean here?

— L276: The mentioned shared patterns (e.g. poor-some-size2 == moderate) seem to be pretty classic situations. Could
you make the link to frequently observed situations in research articles such as Techel et al. (2020) or Schweizer et al.
(2020) or Schweizer et al. 2003? Can you corroborate the matrix-suggested danger level with even more data from
field studies? | assume, if you can do so, a decision will emerge for one single danger level in this field.

— Glide snow avalanches and wet-snow avalanches (linear fracture lines) are exclusively natural releases. The authors
recall that statement in L304 and discuss differences between forecasting services. The defining document of EAWS
however mentions “artificial triggering of wet-snow avalanches” in the category “very poor - poor”. Apart from
communication/training issues in the forecasting services, | assume that incoherence related to the understanding of
avalanche types, release processes and stability classes are at the origin of the differences the authors identify.

— L351: In Figure 1 the mentioned cells correspond to levels “moderate”/”considerable” or “considerable”/”high”. Do
you mean: all forecasting services from one group assigned the same one danger level to the field? Please improve the
wording to be clearer.

— L353: “The reasons for this discrepancy remain speculative. Divergent use...” How can the option be ruled out that
forecasters had a danger level in mind when they chose from the look-up table and simply chose a field producing the
preferred danger level? Good consistency between forecasting services in many other dry-snow situations suggests
that forecasters are able to estimate factor classes with a certain reproducibility among each other. The option of
reverse engineering, i.e. “choosing a field representing the preferred level” unfortunately seems quite plausible.



L375: appropriate level of granularity: Obviously, current risk management methods can neither exploit sub-danger
level classes (cf. even in the reduction method the slope angle estimates, probably precise around 2-3°, remain the
limiting factor) nor exploit stability classes, frequency classes or size classes directly.

L382: rarely used cells: Have data from all relevant climate zones been considered? (One could even ask if tests have
been done over sufficiently long periods that even less frequent situations could occur sufficiently often to be picked
up by the data analysis.)

L391: “High matrix compliance means narrower set of cells was used”. Does “narrower set” refer to Figures 3 and 5?
If so, the lower spread in the data means that the issued and the matrix-suggested danger levels more often agreed.
Isn’t that the definition of compliance? The conclusion that the “matrix helps standardize assessments” (L394), so yield
consistent danger level ratings for the same factors, seems to be based on a circular statement.

L408: “In our analysis, the most notable differences related to the classification of snowpack stability for wet- and
glide-snow avalanche problems. Although these avalanche types are generally associated with natural avalanche
occurrence”. Avalanche problems and avalanche types are two distinct concepts. Please keep them apart. Moreover,
the statement on wet and gliding snow could be more straightforward. Wet and glide-snow avalanches are exclusively
due to natural release — except for coincidence of human presence. Weak layer wetting and snow gliding do not require
human intervention.

L422: “could also be shaded white to indicate higher uncertainty” Do you mean that these cells are not plausible, as
they do not (sufficiently often) occur in nature?

L453: please explain the term “effective” in this context

L454: “supporting consistent danger level assessment”, please provide evidence, for example “as reflected in our
analysis of.../ xy% of the forecasters issued ....”

L458: inconsistencies in wet-snow situations. The concept of the stability classes (very poor — poor — fair -good) does
not seem to accommodate well wet- and glide-snow situations. In fact, it has been developed for dry-snow stability.
The analysis that some forecasting services (group F) almost only use “very poor” to describe wet-snow situations is
interesting. The rule of “using very poor for wet-snow”, however, only seems to work as all danger levels are present
on the panel “very poor”.

The field with level “1-low” on this panel was chosen in 46% of the wet-snow cases to for level 1 judgements. In dry-
snow situations this field is hardly used (~5%). Regarding wet-snow avalanches, the field does not seem as relevant
as the percentage may suggest. Typical wet-snow avalanches often have volumes >>100m3 as they start within the
snowpack, and rarely come alone due to the widespread nature of the wetting process. Also regarding dry-snow
situations this field does not seem to be very relevant (except for a handful days in early winter maybe) as the
definition of “very poor” stability (e.g.Schweizer Wiesinger, 2001: profile type: 1, 5, 7 and 9, dominant weak layers of
surface hoar or facets; bottom frequently weak with one cohesive slab; RB1/2 whole block) does not go well with
“maximum expected avalanche size 1" and “a few locations”.

Hence, the field with “1-low” on “very poor” stability essentially seems to be justified by wet-snow situations —and is
probably used when marginal avalanche activity / point release only is expected — which does not seem in line with
“very poor” stability. Selected well-documented situations and improved stability descriptions will hopefully improve
the matrix use for wet snow situations.

— L456: “Analyzing finer-granularity factor assessments can reveal tendencies within Matrix fields and may offer a
path toward more specific guidance in cells that currently contain two danger levels “. Finer resolution sounds great,




but it is useful? In the near-future, advances in avalanche forecasting need to strive for clear communication of the
pieces of information required in the risk management strategies that have established in the various user groups. The
danger level is only the first communication vehicle that sets the stage. Fine-tuning the danger level will not necessarily
result in improved risk management performance.

3 Minor comments

— Please find one term to address the danger level that was chosen by the forecasters or that was the result of the look-
up table (issued, forecast, assigned) to improve reading comfort.

— L47: “Ideally, such evaluation would consider both quality - ... “. Consider rewording the examples for “quality” and
“consistency”. The target variables need to be clearly stated. The term “accuracy” maybe better understood in this
context than the term “quality” (even though it’s the original term Murphy used), which is often associated with a
broader meaning.

— L56+L59: Do you prefer “practical” implementation or “operational” implementation?
— L75: Do you prefer to call them “factors” or “components”?

— L173+176: “matrix-derived” or “matrix-suggested”, please identify one single term for the danger level derived with
the help of the look-up table and apply it throughout the manuscript

— L174: “...application of the Matrix: “ The colon does not introduce the following. Consider adding a sentence like: “the
disagreement was computed as ...”

— L218: “[...] specific avalanche problems.” | guess you mean dry- or wet-snow conditions in this context.
— L235: rewording suggested: “...stability was as often described by “very poor” as by “poor”[...]"

— Figure 3: This (nice!) figure illustrates factor estimates and (final) issued danger level. The word “use” in the Figure
caption is too general to be understood (“matrix use”, “was used for a specific...”). Consider using terms like “issued
danger level” and “matrix suggested danger level”, agreement between “issued and suggested/proposed danger
level”. Please consider highlighting (black contours around the cells?) the “matrix-suggested” danger levels.

All axes need to be clearly indicated, please complete: Stability classes, Issued danger level, Frequency classes
— Figures 5: the same comments as for Fig. 3 apply, please consider them to improve Fig 5 equally

— L257:Is there need to talk about avalanche problems (EAWS definition, new snow, wind slabs, ...) in this article? In this
instance, wouldn’t the term “dry-snow avalanche situations / conditions” do the job in order to refer to any release on
dry weak layers, i.e. to exclude the gliding of the entire snowpack and the water-induced loss of stability? If no, please
explain what dry-snow avalanche problems include and how they were determined by the forecasters who
participated in the study.

— L257: “characterized by higher compliance” or finish the comparison, e.g. “higher than ....” or “highest compliance”

— L261: “In contrast, Group C — defined by Pdisagree = 7%, though presumably characterized by high heterogeneity [...]”,
please reword as the conjunction word does not work out well



L266: please explain the observations, for example: poor-some-size2 led to an issued level “3-considerable” in 7 % of
the cases, and to “2-moderate” in 38% of the cases in group A, while in Group C choices were more balanced between
danger levels “3-considerable” (in 26 % of the cases) and to “2-moderate” (in 27 % of the cases).

L328 and the following paragraphs of the discussion section: It may be convenient to start a discussion paragraph with
a concise summary of the observed results.

L344: “most danger levels were most frequently associated”, please be specific

L417/418: consider replacing “strong” with other adjectives to go with the verb “use”, such as: often, frequently, a lot,
many times

L421: consider alternatives for “under-supported”, such as lacking data support, underrepresented in our data
L424: suggest rewording for clarity: “These cells lie in the stability class “fair” and concern all fields of avalanche size 4

or 5, and all fields with frequency many. In the stability class “poor” the fields with avalanche size 5 are concerned and
can now lose their shading color.”




