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General comments

I really enjoyed reading this manuscript. It provided scientific value, by analyzing fore-
cast and snow/weather model data in a thorough and novel manner with the view of
providing applied value to avalanche risk forecasting and management. It applies de-
cision tree analysis to avalanche problems, based on simulated snow and weather
properties. The data are abundant, documented, structured and relevant, the analysis
and methods are well described and pertinent to the problem, and the focus on the
avalanche problems adds significant new knowledge to the research and operational
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communities. The presentation of the results is adequate and the discussion clear and
to the point. In general, the figures and tables are easy to read. It could add value to
discuss the results in a more generalized context, please consider if any of these points
are relevant based on your data and analysis: How may the results be transferable to
other warning services and other climatic settings? How would the results be if the four
(five) EAWS problems were used instead of the more detailed North American types?
What about using the forecaster name/ID and the day number in his/her forecasting
period as variables, was this tested?

I recommend publication of the paper, after minor revision addressing the detailed
comments below.

Thank you for the positive feedback. We agree discussing the results in a
broader context would add value to the manuscript and have added some discus-
sion about the suggested points. However, we also encourage similar studies be
done in other regions and forecasting contexts to properly understand the ap-
plication of avalanche problems more broadly. We discuss some of these points
based on our experiences working with our datasets, but are hesitant to make
claims about how our results transfer to other contexts.

We expanded our Discussion section to acknowledge the main questions you
raise and where appropriate offer some insights on how our results may transfer
to different contexts. Below we answer your questions more directly:

• Other regions/climates: Our study area of Glacier National Park has a tran-
sitional snow climate and thus the most common avalanche problem types
are storm slab, wind slab, and persistent slab (Shandro et al., 2019). Our re-
sults are likely most relevant for regions with similar climates. We assume
each problem type would have similar influential weather and snowpack
variables in different regions, but the threshold values may be different. Our
study does not include an in-depth analysis of deep persistent slab prob-
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lems common in continental climates or wet slab/loose problems common
in spring, and thus additional studies would be needed to understand their
main influences.

• Other agencies: Recent studies show inconsistencies in the application
of danger ratings between different forecasting agencies, and it would be
fair to assume the application of avalanche problems would follow a similar
pattern.

• European problem types: Analyzing the five EAWS problems would likely
find similar influential weather and snowpack factors for the analogous
North American problems, however the contextual factors could likely be
quite unique since different agencies interpret and apply them differently.
This further supports our recommendation of using this type of data-driven
approach to facilitate expert discussions about current practices.

• Individual forecasters: Our analysis did not include information about the
individual forecasters, but based on similar studies these could certainly
be meaningful influences (e.g. Statham et al., 2018). The number of days
is an interesting variable as it is likely forecasters may not be confident to
change avalanche problems early on their shift. We think these would be
interesting variables to include in internal analysis for specific operations
with the goal of understanding inconsistencies, but the focus of this study
was to highlight some of the more general contextual variables that influ-
ence avalanche problem assessments.

Detailed comments

p235 In In the introduction, it could be mentioned that the utility of snow model data in
operational forecasting is to a certain extent hampered by the quality and representa-
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tiveness of input weather data. If a weather model or weather station fails to catch a
precipitation event, this error will propagate to the snow model simulation and it may
linger on for a long period.

We added a sentence to the Introduction to discuss additional limitations of
snowpack models. The quality of weather inputs in particular is a pertinent issue
that impacts the results of our analysis, so we agree it’s worth mentioning early.

p322 Explain why this period (winter months with dry snow avalanche as primary con-
cern) is chosen. Consider adding more details about the study area, e.g. latitude, tree
line altitude and elevation interval or hypsometry.

The primary reason for our study period is limitations of our data set (there are
few hazard assessments prior to 1 December and we are missing NWP forcings
for some of the spring months). We now explain this in our Methods. We also
added more details about the study area location.

p316 Consider adding “and time period” to the sub-title

Done.

p4Fig1 The sentence “Grid points used before the 2017 model update are shown with
circles and grid points used after the update are shown with squares.” in the caption
makes limited sense to the reader at this stage in the text. Could you explain better?

We revised to caption to avoid reference to the model update.

p1125 Could you add a summary of selected variables? It may improve the reader’
ability to catch up in the text.
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We added some more details about the number of variables of each type
(weather, snowpack, contextual) selected for the analysis. We believe a com-
plete list of the variables is too long for the main body of the text (94 and 56 vari-
ables for the two datasets, respectively), and is better suited for the appendix.
We added some more textual summaries to help the reader follow the variable
selection method and the resulting dataset used for the decision trees.

p124-5 It is not only precipitation controlling weak layer and slab formation events,
thus this sentence could be moderated or elaborated a bit more. And to what extent
are other relevant variables verified, such as temperature gradients, wind, humidity,
density, grain size, etc?

Our analysis only verifies the snow height and daily snowfall amounts and does
not consider other weather or snowpack variables. This would be a much more
detailed analysis with non-trivial methods. The goal of our verification was to
highlight that models can capture some of the dominant seasonal snowpack
processes, but are also prone to errors on a case-by-case basis. We agree our
explanation of the impacts on weak layer and slab formation could be explained
better. The crux of our argument is the sensitivity analysis of Richter et al. (2020)
who show weak layer formation in SNOWPACK is most sensitive to precipitation
and air temperature inputs and slab properties are most sensitive to precipitation
inputs. NWP models generally have greater uncertainties in precipitation than
air temperature, hence the timing of precipitation is likely the main source of
uncertainty when it comes to capturing weak layer formation with snow cover
models forced with NWP data. We have revised our explanation of what our
verification says about weak layer and slab formation.

p15 Fig6 Please describe what BT and BTL are in the caption.
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Description added to this caption (and other captions that were missing abbre-
viation descriptions).

p188 The sentence is missing a word, maybe “we” in front of “found”?

We improved the wording of that sentence.

p1820 Was it as low as 0.4?

Low wind speed thresholds in our trees are an artifact of the HRDPS 10 m wind
speeds being lower than typical values observed in the field. This is an example
of our Discussion in 4.2 about the “types of variables” being more important
than the specific thresholds and that knowledge of specific model setups are
needed to interpret the values in these trees.

p2122 Please specify what is referred to as “these trees” (left branch . . . left branch)

added “for surface problem types”

p2215 Sparse or lacking field observations from high elevation, especially during peri-
ods with poor weather or visibility, could be another factor supporting the use of heuris-
tics by forecasters. Another points that could be brought into the discussion is that the
forecasters find it difficult to distinguish storm slab and wind slab, and the two problems
may coexist in different parts of the terrain according to how wind-affected the snow it
is. Another point concerns the cornice problem, which is partly the effect of the terrain
– suggesting snow and weather variables are less relevant when defining the problem.

We appreciate the additional discussion points and have added these ideas to
Sect. 4.1.
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p2227 It could be noted that how well precipitation from NWP models agree with ob-
servations could vary significantly, according to weather situation, topography, type of
models etc.

Added a comment to the effect.

p245 Consider adding something like “, entry and exit” after “presence”

Done.

p246 Missing “as” after “such”?

Done.

p2411 Could be other reasons than forecasting practice, e.g. lack of information, in-
complete process understanding, or the fact that fading out may generally be a more
gradual and slow process than the onset of problems. Here it would be interesting to
include data on which forecaster produced the forecast, as individuals may enter and
remove problems in different ways - or it may even differ according to day number in
the forecasting period the forecaster is on duty. This could be something to consider
bringing into the discussion.

We added a phrase about some of these extra considerations for removing prob-
lems, and added some notes about the potential role of individual forecasters to
the Discussion.

References

Several references are missing a description of where the paper is published, please
add this information

C7

Some references are difficult to understand how to retrieve, please add a better de-
scription or an appropriate URL or DOI

We updated our references to complete their publication location on DOI/URL
details.

Please refer to the final publication, rather than the discussion paper Thank you for
the updated citation.
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