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ABSTRACT:

Avalanche airbag backpacks have been shown to be effective at reducing avalanche

fatalities. However, they are yet to be considered mandatory safety equipment, which has long con-
sisted of a transceiver, a shovel, and a probe. Evidence shows airbags reduce mortality by decreasing
likelihood of burial. In addition, airbags probably reduce likelihood of trauma by providing a cushion and
possibly delay asphyxia once buried by creating an air pocket. The data suggests airbags reduce mor-
tality at a rate similar to transceivers. Despite this, airbags are not considered standard safety equip-
ment. Multiple barriers exist for universal adoption, including cost, size, weight, and lack of community
support and recommendations from professional societies and associations.
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1. INTRODUCTION

All The avalanche airbag backpack was first pa-
tented by German skier Peter Aschauer nearly
four decades ago. Early inspiration was report-
edly based on the experience of forest ranger
Josef Hohenester, who found that when he
hauled large game on his back, he floated more
easily in snow. Aschauer first demonstrated his
airbag at Internationale Fachmesse fur
Sportartikel und Sportmode (International Trade-
fair for Sporting Goods and Sportswear) in Mu-
nich in 1985. After nearly four decades, airbag de-
sign and functionality have been refined.

Avalanche airbags work based on the property of
particle physics called granular convection. In a
flow, particles of larger volume migrate to the top.
Airbags increase the volume of users by 150 L or
more and thus assist in keeping the user at the
top of avalanche debris.

Airbags are widely available in Europe and North
America. Airbags use two general systems, in-
flated by either compressed gas canisters or elec-
tronic fans. Canister airbags come with multiple
configurations and gasses, such as air, nitrogen,
argon, and carbon dioxide. In some models, com-
pressed air canisters are refillable. Other systems
use one or two single-use disposable canisters.
Electronic fan airbags are powered by a re-
chargeable lithium-ion battery or a capacitor with
battery backup. Both add significant weight, bulk,
and expense compared to a standard, non-airbag
backpack.

The benefits of canister airbags are that they tend
to be lighter and less expensive. The downside is
that canisters are not easy to refill or replace, are
not standard among manufacturers, and can be
limited for airline travel and shipping by regula-
tions, especially in North America. For multiple

deployments, canisters pose difficulty for practic-
ing, for rearming an airbag that needs to be used
more than once, and for sharing extra canisters in
groups that use different airbag brands. The ad-
dition of extra canisters to a backpack increases
both cost and weight.

The benefits of an electronic fan airbag are that
multiple deployments and airline transport are
simpler. This makes practicing easier and less ex-
pensive. A potential problem is that they rely on
power and electronics, which may be affected by
cold temperature and availability of power for
charging.

2. PUBLISHED RECOMMENDATIONS

Avalanche airbags are used in backcountry areas
around the world. Many organizations have pro-
vided recommendations regarding their use. Be-
cause of the varied infrastructure, legal, and gov-
ernmental issues around the world, this review
will only examine selected current recommenda-
tions in North America.

In 2024, a Wilderness Medical Society (WMS)
practice guideline reviewed the avalanche litera-
ture. Similarly in 2024 an International Commis-
sion for Alpine Rescue guideline reviewed air-
bags. Both reinforced the effectiveness of airbags
to prevent snow burial. However evidence is in-
conclusive if they decrease morbidity and mortal-
ity by preventing trauma or prevent asphyxia once
buried by creating an airpocket. which also
demonstrated effectiveness.

Despite these guidelines, other publications do
not mention the utility of airbags. The textbook
used by the Wilderness Medical Society Diploma
in Mountain Medicine course omits mention of air-
bags altogether.



The three main North American avalanche organ-
izations—American Avalanche Association (A3),
Canadian Avalanche Association (CAA), and
American Institute for Avalanche Research and
Education (AIARE)—have no formal recommen-
dation for airbag use on their websites or in their
publications, as confirmed by published infor-
mation, websites, and personal communication
with the three agencies. For A3 airbags are part
of the core curriculum for only one course titled
Avalanche Rescue; this is one of five courses that
range from basic to advanced. For AIARE, air-
bags are considered “additional safety equip-
ment” in their 2021 student manual. In the CAA
2016 risk handbook, airbags are mentioned only
once in discussion of risk statistics.

3. OVERVIEW OF LITERATURE

Like many topics in wilderness and mountain
medicine, the literature on avalanche airbags is
sparse. One study found that airbags reduced
mortality from 19% to 3%. Another study reported
on 245 accidents involving 424 injuries and a 19%
overall mortality rate. A subset of the data looked
at 66 accidents with both airbag and non-airbag
users. In this subset, all non-critically buried fatal-
ities were due to trauma. Mortality reduction of
critical burials decreased from 34% to 11% with
use of an airbag.

Of note, airbag deployment failure and device fail-
ure were found to be significant in both studies.
One study found a 20% failure rate (7/35 partici-
pants) and another found a 20% failure rate
(61/307 participants); this was due to user error,
device failure, or device damage during ava-
lanche.

A third study used a series of planned avalanches
to test dummies equipped with and without air-
bags. Of the five dummies without airbags, burial
depth was a mean of 43 cm and only 1 of 5 was
visible from the surface. In contrast, of 14 dum-
mies with airbags, burial depth was a mean of 15
cm, with all 14 visible from the surface. This study
also found that among the 14 airbag dummies,
with all but 5 the head was visible and with all but
2 the airway was less than 10 cm below the sur-
face.

Similarly, the literature on transceivers is limited
and outdated; most studies on transceivers are
prior to widespread use of modern technology in-
cluding digital processing, multiple antennas,
firmware update capability, and self-checks by
user with an app. But avalanche transceivers re-
duce mortality about equal to airbags once bur-
ied; but they do not prevent burial and do not pre-

vent trauma. One study showed transceivers re-
duced time from burial to companion rescue from
120 to 30 min but did not have a significant reduc-
tion in mortality. Another showed that burial time
was decreased from 102 to 30 min, and mortality
decreased from 68% to 54%, with a transceiver.
A third study confirmed burial time reduction from
125 to 25 min using a transceiver and a mortality
risk reduction from 70% to 55%.

4. BARRIERS TO USE

The important messages from these studies are
twofold. First, airbags are successful at decreas-
ing mortality from avalanches, mostly in reducing
risk of critical burials. But may also prevent
trauma and prevent asphyxia once buried. As
with any device, user error and equipment failure
are substantial problems.

Second, mortality-rate reduction of airbags is sim-
ilar to transceivers, with the limitations discussed
previously.

Despite these studies, airbags are still not univer-
sally adopted as standard avalanche safety
equipment. Several barriers exist to universal use
of airbags.

Availability and equipment challenges. At one
time, airbags were limited in availability in some
regions. This has probably made adoption slow.
However, now airbags are widely available.

Size and weight. Airbags are heavier and bulkier
than standard, non-airbag backpacks. Whereas
an average backpack can weigh as little as 0.5
kg, the lightest airbags are around 2 kg. However
using the size and weight as a reason not to use
an airbag is just a matter of priority. One is priori-
tizing, for example, to take a liter of water instead
of an airbag, both of which weigh about the same.

Cost. Airbags are significantly more costly than
standard packs. However, when cost is elimi-
nated, such as with professionals like guides and
ski patrollers, people still often choose not to use
airbags.

Training. Airbags require additional training for
both recreational enthusiasts, professionals, and
educators.

Community use. The promotion of airbags in local
communities via equipment retailers, social me-
dia, and professional organizations also likely
plays a role. If a community has an important ed-
ucational organization or mountain shop that pro-
motes airbag use, airbags may be adopted more
readily.



Risk tolerance. It's possible that airbags increase
risk tolerance for users and thus may be both a
deterrent and a perceived benefit for users. But
most studies suggest that a) risk tolerance is un-
known and b) it's similar with other safety devices
like helmets.

Guidelines. Professional societies and associa-
tions, in scientific and lay publications and in text-
books, have neither recommended airbags as
standard equipment nor provided much educa-
tion or guidance about them in their curricula. This
likely plays a large role in lack of universal use.

5. KNOWLEDGE GAPS

Aside from preventing burial, other questions
worth considering are discussed below. These is-
sues are important, as they possibly contribute to
lack of adoption of airbags.

5.1 Does the size of the balloon matter for flota-
tion? The standard is a 170-L balloon. A larger
balloon may be more effective at keeping a user
atop the avalanche debris but makes weight,
cost, and design more difficult, including the need
for a larger fan or canister.

5.2 Does the airbag protect one from trauma? Air-
bag use may be encouraged if we had data that
demonstrated protection from trauma, consider-
ing trauma accounts for 25% of fatalities.

5.2 Once buried, do airbags create an air pocket
and/or protect the airway to delay asphyxia? If air-
bags could help prevent asphyxia, as with
trauma, airbags may be adopted more readily.
We know that air pockets and patent airways help
prolong survival. One brand and model of fan air-
bag deflates after inflation. In a recent study, re-
searchers buried 12 volunteers with an airbag-
created air pocket and measured oxygen satura-
tion, end tidal carbon dioxide, heart rate, and res-
piratory rate. Participants with a simulated air
pocket created by an airbag were able to move
their head an estimated 11 cm forward and 7 cm
backward. The conclusion was that it is possible
that an air pocket from a deflated airbag could
prolong survival.

6. CONCLUSION

Airbags have been shown to be effective at sav-
ing lives. Airbag mortality reduction are roughly
equal to transceivers. Yet, standard avalanche
safety equipment. This is due to several barriers
as described above.

Based on the literature, if one wants to maximize
safety in avalanche terrain especially when trav-
eling solo, one should use an airbag in addition to
other standard safety tools.
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