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The authors explore trends in the annual number of backcountry avalanche fatalities
in Austria and compare these to four other countries. The temporal analysis is carried
out applying a generalized additive model. The study evaluates whether linear or
non-linear functions describe the annual fatality data best. Additionally, maps showing
the spatial distribution of avalanche fatalities by municipality in Austria are presented.
These are the novel aspects of the presented work. The topic of the study is within the
scope of the journal and will likely be of interest to the journals audience.
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General comments
I would like to address two main issues concerning the manuscript: (1) the insufficient
discussion of the results and embedding of the study within the context of current
research, and (2) the time-period analyzed.
(1) Concerning the first point, potentially relevant studies are mentioned in the detailed
comments below.
(2) The most recent five years (2011/12 - 2015/16) were not considered in this analy-
sis. However, their inclusion would greatly increase the currency of the analysis. This
seems particularly important, as the authors suggest avalanche prevention measures
in their study (abstract and lines 282-286). Extending the data-set until 2015/16 would
allow a comparison to results shown in recent publications, in which (not significantly)
increasing backcountry avalanche fatality numbers were noted during the most recent
years (e.g. United States (Birkeland, 2016) and European Alps (Techel et al., 2016)).
Therefore, I strongly recommend to include these years, not just for Austria, but also
for the other countries.

Detailed comments, by section

Abstract
l. 29: The study addresses backcountry avalanche fatalities, not avalanche fatalities
as written.
l. 30-31: There are numerous studies which showed that the backcountry and
out-of-bounds avalanche fatality numbers are not constant (e.g. France (Jarry, 2011,
Fig. 3); Switzerland (Harvey and Zweifel, 2008); United States (Page et al., 1999);
Italy (Valt and Pivot, 2013); European Alps, France, Austria, Switzerland, Italy: (Techel
et al., 2016)).
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Introduction
l. 43-44: specify the "various" reasons which are of special public interest.
l. 47-48: additionally to Brugger et al. (2001), more recent publications should be
investigated whether this statement is still considered true (see also the before-
mentioned references concerning the abstract)
l. 52: not clear how the citation of Ammann, 2001 is related to the statement by Harvey
and Zweifel (2008)
l. 53-55: additionally, in their annual reports the Österreichische Lawinenwarndienste
(2016) provide a 20-year overview of the avalanche fatalities in Austria (e.g. Fig. 4, p.
33 in the 2016 report)
l. 66-69: there are brief summaries showing long-term trends of Austrian backcountry
fatality statistics in the book by Höller (p. 91, 2015) and also in the 2016 report of the
Österreichische Lawinenwarndienste (2016) (pages 210 and 211, results based on
Techel et al. (2016))

Data and methods
l. 105-111: It should be mentioned, when and how the ICAR data was accessed (URL
or citation). It is unclear which of the mentioned ICAR fatality categories were used in
the analysis.
l. 117-118 and l. 129-130: I find this very difficult to understand. Did you calculate
the trend for each municipality (aggregating the data in terms of location, l. 117-118)
separately and then aggregate it again for the regional analysis? Or did you use the
annual fatality numbers (all of Austria) for the trend analysis, and the total number of
fatalities for each municipality? Please explain this more clearly.
l. 125: You state that in your "opinion" AIC and BIC are better criterion than reporting
p-values. You should explain why using AIC and BIC would be more appropriate
(advantages, disadvantages). Possibly, you could also give a reference.
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Results and Discussion
The results section refers to the graphs and tables, but does not present any data.
Data is presented mostly in the discussion section. The results should be discussed in
more depth than is currently the case.

Trend analysis
The advantage and disadvantage of the proposed statistical approach should be dis-
cussed, as this is the main methodological novelty compared to previous publications
exploring avalanche fatality statistics. In particular, the following points might be of
interest to the reader:

• To what extent do single (or a cluster of) winters with many (or very few) fatalities
influence the trend lines shown?

• In your analysis, you analyze subgroups of the data (e.g. off-piste fatalities only).
One of the arguments Techel et al. (2016) considered relevant for combining na-
tional fatality statistics was the assumption that single multi-fatality events and/or
years with many fatalities potentially could have a large effect on trend statistics.
Please discuss to what extent this may be relevant, in particular for the trend
calculation of the off-piste subgroup, which are characterized by even fewer inci-
dents per year. Please explain whether relatively small accident numbers could
be a reason for the sometimes highly fluctuating trend lines (you already briefly
comment on this for the Austrian data on lines 193-194).

• The 90% confidence intervals shown in the figures is large at the beginning/end
of the time-series. This highlights the greater uncertainty of the trend line calcu-
lation. Readers not familiar with confidence intervals, might miss this point when
looking at the figures. Therefore, I propose to discuss these uncertainties in the
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text.

• Often, the 90% confidence band is relatively wide, which raises the question
whether the reported trends can be interpreted as statistically significant. For
instance, the trend line of the Swiss off-piste fatalities drops in the nineties and
rises in the 2000’s. However, the max of the confidence interval in the 1990’s is
about as high as the minimum in 2000. Therefore, I wonder if the peak around
the year 2000 can be considered statistically significant. I recommend you show
which of the trends are statistically significant.

You show in Table 2 that the non-linear model is preferable for all the European
countries (except for Austrian off-piste fatalities). This is a main result of the study.
However, I suggest you discuss potential reasons for the Austrian off-piste fatality
trend line being linear, when all the other European trend lines are non-linear.
The trend line for the Swiss backcountry fatalities (Fig. 3) drops from almost 30 in
1983/84 to approximately 15 in the mid-1990’s (Fig. 3). This seems like a very strong
decrease and is in contrast to the slight but not significant decrease shown/described
for the 1990’s (e.g. Fig. 3 in SLF (2016) or in Techel et al. (2016)).
On lines 186 to 194 you note a peak in the fatality numbers for Austria in the 1980’s,
and conclude that higher precipitation during these years might explain this. Looking
at off-piste fatalities only, you do not note this peak for Austria. These two statements
seem contradictory. It may also be of interest that several authors noted increased
numbers of recreational avalanche fatalities in years with less snow (e.g. Luzian, 2000;
Valt et al., 2009; Valt and Cianfarra, 2012).

Regional analysis
The regional analysis showed spatial clusters in two regions (Arlberg and Sölden, Fig.
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7 and 8). However, an in-depth discussion of potential reasons for these hot-spots is
lacking. For instance, visually comparing the clusters shown in Fig. 8 to the size and
spatial distribution of ski resorts in Austria (map in Fig. 1 and list of top 20 winter sport
municipalities in Fleischhacker (2016)), seems to indicate that these clusters correlate
to the spatial distribution of ski resorts in Austria (and hence a greater number of
recreationists riding off-piste?). Even though Fuchs et al. (2015) explored the spatial
distribution of houses and residents exposed to snow avalanches, the spatial pattern
looks again similar to those in Fig.s 7 and 8. with the highest density in the Arlberg
and southern Tirol regions.
In general, I would consider it benefitial if you could include other relevant parameters
in the spatial analysis. For instance, the spatial clusters of off-piste fatalities could be
compared to the distribution and size of the ski areas in the municipalities in Austria
(e.g. the data behind the map in Fleischhacker (2016)), while calculating the density
of fatalities per surface area above a critical elevation might show if these clusters
are related to Alpine topography (e.g. in a Swiss study Techel et al. (2015) consid-
ered the elevation range where more than 95% of the recreational accidents occurred).

In the methods section (lines 143-147) you describe the use of Markov random
fields to identify the regional hot spots. In the results section and Fig. 7 and 8, it
remains unclear how this method was used and what results were obtained. Please
highlight what results were gained using this method.
On lines 262-264 you state that you cannot compare spatial patterns to other countries
due to lack of information. However, at least for some countries or regions, spatial
patterns have been explored and explanations for clusters were given. Relevant
publications might include Spencer and Ashley (2010, for the western United States),
Logan and Witmer (2012, for Colorado) or Techel et al. (2015, for Switzerland).
While Spencer and Ashley argued that these clusters are the areas with the highest
concentration of winter sport activities, Logan and Witmer showed that most accidents
occurred in areas which are highly accessible (closeness to roads). Techel et al.
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concluded that a higher risk to be involved in a backcountry avalanche accident was
also correlated to regions with a more frequent shallow snowpack and persistent weak
layers. These were not always the regions with the highest number of fatalities.

Conclusion
l. 287-297: It is indeed difficult to verify the influence of increased numbers of recre-
ational activity in winter backcountry. The study by Fleischhacker (2016) might provide
a suitable reference indicating trends observed in Austrian winter sport regions. A
recent study by Winkler (2016, in German) or Winkler et al. (2016, in English) has
explored the trends in the number of winter backcountry users in Switzerland during
the last two decades. Potentially, this study may be of interest when discussing
backcountry usage trends.

Figures

Fig. 1 and 2:
The caption should mention that a 90%-confidence interval is shown. Grid lines would
be helpful.

Fig. 3 to 6:
The x-axis labeling of the right plot (off-piste) is difficult to read. Maybe leave some
space between the plots.
The caption should mention that a 90%-confidence interval is shown.
Grid lines would be helpful.
All these figures, and possibly also the Austrian data for the years 1983/84 until
2010/11 could be presented in a panel plot with the same axis-limits for all countries.
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This would facilitate the comparison between the different time-series.

Fig. 7 and 8:
The color choice is difficult to read for colorblind readers. I suggest using any of the
color schemes proposed e.g. by Brewer (1994); Neuwirth (2014); Zeileis et al. (2009).
Because most readers will be unfamiliar with the Austrian Alps, a map showing the
mountainous areas relevant for avalanching - for instance the surface area above
1500 m - would be helpful for comparison.
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