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ABSTRACT: Even though avalanche balloon packs have been promoted in Europe since the early
1990s, they have only truly established themselves as an accepted avalanche safety device over the last
five to ten years. This particularly applies to North America, where a stream of regulatory hurdles delayed
the introduction of the new technology. The goal of the present study is to provide an independent, up-to-
date perspective on the effectiveness of avalanche balloon packs to reduce the likelihood of critical buri-
als and to improve avalanche survival. The dataset used for the analysis consists of well-documented
avalanche accident records from Austria, Canada, France, Switzerland and the United States. To ensure
a most appropriate dataset for the evaluation of avalanche balloon packs, the dataset was limited to only
include avalanche involvement records that had the potential to result in complete burial. For the main
analysis, the dataset was further reduced to include only accidents that involved both users and non-
users of avalanche balloon packs to minimize the effect of a likely reporting bias. Using a multivariate ap-
proach to control for other factors contributing to avalanche survival, the present analysis offers a more
comprehensive perspective and more accurately isolates the true impact of avalanche balloon packs than
previous studies.
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1. BACKGROUND

Avalanche balloon packs, also known as ava-
lanche airbags, are a relatively new avalanche
safety device that consists of a backpack or vest
with one or two integrated inflatable balloons.
Once caught in an avalanche, users of avalanche
balloon packs can pull a ripcord to deploy the
stowed balloon(s), which then instantly inflate to a
total volume of roughly 150 liters. In comparison to
other avalanche safety devices that aim to accel-
erate the search and extrication phase of an ava-
lanche rescue (e.g., avalanche transceiver, probe,
shovel), the goal of avalanche balloon packs is to
prevent or reduce the severity of avalanche burial
through the physical process of inverse segrega-

tion. Typical accident avalanches are gravitational
granular flows that segregate in a way that larger
particles are more likely to be found near the sur-
face while smaller particles move towards the
base of the flow (Kern, 2000). The effectiveness of
this process primarily depends on the relative size
difference of the particles within the flow. With the
inflated balloon(s), an avalanche victim, who is
already a rather large particle in an avalanche,
becomes an even larger particle that can take full
advantage of the segregation effect. As long as
the user of the avalanche balloon pack is flowing
freely within the avalanche debris, the separation
effect will be moving the victim towards the sur-
face despite its higher density. Since asphyxia
through burial in snow is the primary cause of
death in avalanches (Hohlrieder et al., 2007; McIn-
tosh et al., 2007; Boyd et al., 2009) and the avail-
able time window for successful live recoveries is
short (Brugger et al., 2001; Haegeli et al., 2011),
staying on top of the avalanche has great potential
for improving avalanche survival.
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The initial concept for avalanche balloon packs
was invented in the late 1970s in Europe (ABS,
2011). While the first commercial product was
available the European market in 1991 (Brugger et
al., 2007), the introduction of the safety device to
the North American market was considerably de-
layed due to a stream of regulatory hurdles. To-
date, there are four different manufacturers of ava-
lanche balloon packs (ABS, Mammut/Snowpulse,
Backcountry Access and Wary) and various com-
panies are currently in the process of developing
their own product (e.g., Arc'teryx and Black Dia-
mond).

The effectiveness of avalanche balloon packs is
supported by various credible scientific studies,
which include the theoretical evaluation of the
concept of inverse segregation in the context of
avalanches (Kern, 2000, Kern et al., 2005; and
Gray & Ancey, 2009), field experiments where
crash test dummies with inflated avalanche bal-
loon packs were exposed to artificially triggered
avalanches (Tschirky & Schweizer, 1996; Kern et
al., 2002; Meier & Harvey, 2010), statistical evalu-
ations of accident records comparing the survival
rates of users and non-users of avalanche balloon
packs (Tschirky et al., 2000; Brugger & Falk, 2002;
Brugger et al., 2003; and Brugger et al., 2007,
Haegeli, 2012a), and most recently an examina-
tion of operational concerns and experiences with
avalanche balloon packs among Canadian ava-
lanche professionals (Haegeli, 2012b).

Building on the existing research that used acci-
dents records to evaluate avalanche balloon
packs, the present study aims to provide a com-
prehensive up-to-date perspective on the effec-
tiveness of avalanche balloon packs using the
latest available information.

We are currently still in the process of collecting
relevant accident information for the final dataset
of our analysis. To avoid possible confusion from
having different statistical results published from
the same study, we decided not to include any
preliminary results in the present article. Instead,
we focus on study design and describe how our
research advances our understanding from previ-
ous studies. Final results of the study will soon be
submitted for publication in a relevant peer-
reviewed journal accessible to the avalanche
community.

2. STUDY DESIGN

2.1 Research questions

Our study aims to answer the following three re-
search questions:
 How effective are inflated avalanche bal-

loon packs for reducing the likelihood of
critical burials and improving the survival
rate among individuals seriously involved
in avalanches?

 How often do avalanche balloon packs fail
to deploy and for what reasons?

 How effective are avalanche balloons
when deployment failures are taken into
account?

2.2 Increased sample size

Earlier studies on the effectiveness of avalanche
balloon packs were limited considerably by the
small amount of the available data on accidents
involving avalanche balloon packs. In all but one
study, the datasets used for the analysis were col-
lected by the WSL Institute for Snow and Ava-
lanche Research SLF in Switzerland and the total
number of records of balloon pack users ranged
from 35 (Brugger et al., 2007) to 60 (Brugger et
al., 2003). As a consequence, the possibilities for
advanced statistical analyses were quite limited
and the extrapolation of the results to other geo-
graphic regions was questionable.

Due to the growth in avalanche balloon pack us-
age in recent years, the number of accidents in-
volving avalanche balloon packs has also
increased considerably. This trend is clearly re-
flected in national avalanche accident databases,
which have accumulated a substantial amount of
new information on these types of accidents since
the publication of the last study on avalanche bal-
loon packs.

For the present study, relevant avalanche accident
records from Austria, Canada, France, Switzerland
and the United States were combined to compile a
large comprehensive dataset that offers new op-
portunities for statistical analyses. As of August
15, 2012, our dataset consisted of 164 avalanche
accidents with a total of 266 seriously involved
individuals. Seventy-five percent of these individu-
als (200 of 266) were wearing avalanche balloon
packs during their involvements, while the other
25% (66 of 266) were not equipped with the de-
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vice. The dataset includes self-reported accidents
as well as accidents that were officially investigat-
ed (e.g., due to fatalities or organized rescue
efforts).

2.3 Strict case definition

Even though an in-depth understanding of the type
of avalanche involvements used in the analysis is
crucial for the proper interpretation of derived per-
formance measures, the majority of existing stud-
ies lack a description of the criteria used to include
victim records in their datasets.

Since avalanche balloon packs are designed to
prevent or reduce the severity of avalanche buri-
als, the present study focused exclusively on ava-
lanche involvements with the potential for
complete burial. This requirement was implement-
ed by employing the following two criteria during
data collection. First, accidents were only consid-
ered for our dataset if the destructive size of the
avalanche was 2.0 or larger according to the Ca-
nadian avalanche size classification (CAA, 2007).
By definition, avalanches of size 1.5 or smaller are
too small to bury a person. Second, individual vic-
tim records were only included in the dataset if
they were seriously involved in the flow of the ava-
lanche and/or partially or completely buried. Mar-
ginally involved individuals (e.g., only slightly
moved at the edge of the avalanche, remained
standing during their entire involvement, or man-
aged to ride out of the avalanche) were excluded
from the dataset. The combination of these two
criteria together ensures a most meaningful da-
taset for the evaluation of avalanche balloon
packs.

2.4 Control group selection

Most existing studies on the effectiveness of ava-
lanche balloon packs drew their control groups of
non-avalanche balloon pack users from large ex-
isting national avalanche accident databases and
compared their survival rate to the survival rate of
a considerably smaller sample of known ava-
lanche balloon pack users (see, e.g., Brugger et
al., 2003). While this type of comparison was the
only possible approach to examine the effective-
ness of avalanche balloon packs given the small
amount of available data at the time, it is suscepti-
ble to a likely reporting bias towards non-serious
involvements with avalanche balloon packs.

Since avalanche balloon packs are a relatively
new avalanche safety device, it is likely that ava-
lanche accidents involving avalanche balloon

packs are reported more frequently than other
avalanche accidents. This reporting bias is likely
most pronounced for small avalanche accidents
with non-serious outcomes that normally remain
unreported. As a consequence, evaluations using
this type of control group likely overestimate the
effectiveness of avalanche balloon packs

To overcome this challenge of self-reported acci-
dent records, the avalanche balloon pack analysis
of Brugger et al. (2007) only included accidents
from Switzerland that were officially investigated
and included in the accident database of the WSL
Institute for Snow and Avalanche Research SLF.
While this approach ensured the comparability of
the user and non-user samples, it also reduced
the sample size of users and limited the geograph-
ical extent of the dataset to Switzerland.

The present study uses a different approach to
minimize the impact of the reporting bias. For the
comparative analyses between users and non-
users, the complete sample (all known accidents
involving avalanche balloon pack with avalanches
of size 2.0 or larger) is reduced to only accidents
that involved both users and non-users of ava-
lanche balloon packs. Users can either be defined
as individuals with only deployed balloon packs to
examine the impact of inflated balloon packs, or as
individuals wearing avalanche balloon packs (de-
ployed and not deployed) to examine for overall
impact of avalanche balloon packs including non-
deployments. In addition to avoiding the reporting
bias, this approach also results in a more uniform
and balanced dataset with respect to additional
contributing factors. However, it also reduces the
size of the dataset considerably and shifts it to-
wards more serious accidents. These side effects
have to be considered when interpreting the study
results.

2.5 Multivariate perspective

The likelihood of a critical burial and the chance of
survival for an individual involved in a serious ava-
lanche clearly depends on more factors than just
the use of an avalanche balloon pack. While
Brugger et al. (2007) showed that avalanche bal-
loon packs have a significant impact on avalanche
survival in a European dataset, the survival rate
also differed significantly with respect to degree of
burial, depth of burial, slab width, year of accident
and country. Similarly, survival rates varied with
size of the avalanche, local terrain characteristics
and location of the victim on the slab when the
avalanche was triggered in the Canadian dataset
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used by Haegeli (2012a). While the Canadian da-
taset did not include any trauma fatalities, one can
assume that severity of personal injuries also has
a significant effect on survival rates.

Despite these obvious additional contributing fac-
tors, all of the existing studies have only used
univariate comparisons to examine the effective-
ness of avalanche balloon packs as small samples
of avalanche balloon pack users simply did not
allow for more advanced statistical analyses. Due
to the larger size of the present dataset, this study
has the opportunity to use a multivariate approach
to control for the effects of additional factors and
properly isolate the effect of avalanche balloon
packs on the likelihood of critical burials and ava-
lanche survival.

2.6 Analysis approach

The three research questions are examined in the
following steps. First, the effect of fully inflated av-
alanche balloon packs on the likelihood critical
burials and the survival rate is examined using
multivariate logistic regression models. Odds rati-
os and relative risk reduction values for significant
contributing factors can be derived directly from
the coefficients of the logistic regression models.
As pointed out earlier, the dataset for this analysis
only includes records of victims that were involved
in accidents with both users and non-users of ava-
lanche balloon pack to avoid issues from a likely
reporting bias.

In addition to estimating the main effect of ava-
lanche balloon packs, which describes the aver-
age impact of the safety device across the
conditions covered in the dataset, the logistic re-
gression analysis can also highlight conditions
when avalanche balloon packs perform significant-
ly better or worse than average (i.e., interaction
effects). This information can provide a valuable
perspective on the limitations of avalanche balloon
pack applications.

The second step of the analysis uses the complete
dataset of avalanche balloon pack users to calcu-
late the frequency of deployment failures and to
examine the underlying causes. This analysis can
provide insights about possible design weakness-
es of avalanche balloon packs and frequent users
errors.

In the final step of the analysis, the frequency of
non-deployments is used to scale the relative risk
reduction values of fully inflated avalanche balloon
packs derived in the first step. The adjusted rela-

tive risk reduction values provide an overall as-
sessment of the effectiveness of avalanche bal-
loon packs that takes non-deployments into
account.

3. FUTURE

The present study offers an up-to-date perspective
on the effectiveness of avalanche balloon packs
based on the latest available data. However, the
currently available dataset is still relatively small
and only supports statistical analyses of limited
complexity.

To further improve our understanding of how ava-
lanche balloon packs and other factors affect ava-
lanche survival, it is critical to systematically
collect detailed avalanche accident information.
Particular focus should be given to improve the
collection of detailed information on victims who
were unharmed with or without the use of ava-
lanche balloon packs. Naturally, fatalities or vic-
tims with major injuries are investigated in greater
detail, but detailed information on accidents with
less serious outcomes is equally important for fu-
ture studies.

Since insightful statistical analyses require large
datasets, we also encourage international collabo-
rations and the combination avalanche accident
datasets. To ensure compatibility among the vari-
ous datasets, it is important to develop consistent
observation protocols and recording guidelines
that facilitate the exchange of avalanche accident
information worldwide.
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