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Abstract
This article focuses on airbag systems of backpacks as the only active avalanche device. It analyses current 
knowledge based on literature review. The goal is the summarization and clarification of this field on the 
basis of numerous surveys and case interpretations. In addition, it also focuses on current state of the on-
market airbag systems. 
We assume that our results will be used for next surveys and for improvement of the recent findings.
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Souhrn
Tento článek se zabývá systémy airbagovými batohů a systémy jako jediné aktivní ochrany před sněhovou 
lavinou. Analyzuje současný stav poznatků na základě rešerše literatury. Cílem je sumarizace a objasnění 
na základě výzkumů a kasuistik v této oblasti při zasypání sněhovou lavinou. Dále se zaměřuje na současný 
stav airbagových systémů, které jsou na trhu. Předpokládáme, že tyto poznatky budou využity pro další 
výzkum a zpřesnění současných poznatků.

Klíčová slova: 
airbagový batoh, hypoxie, záchrana, sněhová lavina

Introduction
High-mountain activities under winter conditions 
have recently been going through a  great boom. It 
is mostly connected with many sport branches such 
as mountaineering, alpinism and freeriding or ski-
-touring which is the most available form of high-
-mountain tourism. In the USA and Canada, it is also 
snowmobile riding (http://avalanche.state.co.us). 
All these activities are conducted at remote areas, 
far from ski resorts what means that it is difficult to 
check them (Brugger 2001, Boyd 2009). Among all 
mountain jeopardies, snow avalanche is one of the 
most serious. Dozens of people die under snow ava-
lanche every year (www.ikar-cisa.org/ikar-cisa). Du-
ring years 1994 – 2003, the median of annual mor-
tality rate of avalanche accidents in Europe and the 
North America was 141 people (Etter 2004).
 Proper knowledge, skills and even equi-
pment are crucial for lowering the avalanche risk. 
There are a few protection devices which can lower 

the avalanche accident consequences. Essential is an 
avalanche probe, avalanche receiver and shovel, whe-
reas other devices are not so common. On the mar-
ket, you can find an artificial air cavity (AvaLung), 
avalanche ball, avalanche cord or airbag backpack.
 Except for airbag backpack, all the remai-
ning devices are only passive ones which lead into 
a conclusion that “friendly help” is very important. 
The first 15 – 18 min is crucial for survival when bu-
ried in the snow (Falk 1994, Brugger 2001). The most 
common cause of death is suffocation (Stalsberg 
1989, Hohlrieder 2007, McIntosh 2007, Boyd 2009, 
Haegeli 2011). A big gap from 4 % (Eliakis 1974) to 
50 % (Grossmann 1989, Jamieson 1996) between pu-
blished surveys can be seen in victims who died 
from immediate avalanche consequences (wounds 
incompatible with life). According to recent study 
(Hohlrieder 2007) conducted in 1996 – 2005 in 
Austria using 105 victims of avalanche accident, 
only 5,6 % of them died from fatal wounds caused 
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by immediate avalanche consequences.
 
Goal
The goal of our article is to analyses the findings 
published in specialized journals and publications, 
focused mostly on snow avalanche rescue devices. 
The surveys are based on casuistic and experi-
ments which were conducted on figurines.
The literature search was conducted by looking 
out specialized articles on specialized servers (web 
of science, web of knowledge) and at the library of 
ČVUT Prague through computer-aided retrieval 
of key words and authors who work on determi-
ned issues.

System and airbag backpack surveys
Airbag backpack is the only active rescue device in 
snow avalanche issue.
Somewhere around 1970, Ruth Eigenman de-
signed a  concept of inflatable vest (Kern 1999). 
Approximately in the same time, a German fores-
ter, Joseph Hohenester watched actions of trees 
and object when buried under a snow avalanche. 
He found out that big-volume objects were pushed 
up onto the surface of avalanche whereas small-
-volume ones were absorbed and subsequently bu-
ried. This effect is called inverse segregation, when 
bigger objects are pushed up onto the surface and 
small ones are pushed down which is caused by 
inverse separation in streamline of granulates (see 
Picture 1). Based on his findings, he presented the 
first avalanche ball.

Picture 1: Inverse segregation. Physical actions of buried objects 
based on their size (ABS)

During Nineties, ABS Company upgraded the ava-
lanche ball. The company developed these balloons 
– airbags as a part of carried backpack in the two sys-
tems. The firs system included two inflatable airbags 
placed at the sides of a backpack (see Picture 2), whi-
le the second system inflated a single airbag behind 
a backpack. The weight of these backpacks was from 

5 to 9 pounds (2,2 – 4,1 kg) according to exact mo-
del. The activation of these airbags was by a handle 
placed in the left shoulder strap. A cylinder with ni-
trogen was than activated through a pipeline. A gas 
leaking from the cartridge placed inside a backpack, 
thanks to Venturi effect which provides sucking out-
side air, got into the airbags of total volume 150 L. It 
filled them with gas during 2 to 3 seconds.

Picture 2: Double airbag (foto Swiss Federal Institute for Snow 
and Avalanche Research, Davos)

Despite the significant popularity of airbag system in 
Europe at the beginning of this century, it was im-
possible to use these devices overseas due to aerial 
transportation of high pressure cylinders which are 
necessary for airbag inflation. 
Finally, development of airbag backpacks in the USA 
was conducted in cooperation with German compa-
ny ABS (Avagear). These airbags were of the 90 L 
volume, semi-circle shape and were inflating around 
ones neck and head (see Picture 3). An advantage 
can be seen mostly in better protection of neck and 
head and thus higher probability of staying on the 
surface when swept by snow avalanche. In the other 
hand, this system decreased movement and spatial 
vision. 

Picture 3: Simple airbag Avagear (foto Swiss Federal Institute for 
Snow and Avalanche Research, Davos) 
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Contemporarily, the lowest volume of airbag has 
been set on 150 L, the velocity of inflation up to 5 
second with 100 % functionality in temperatures 
among -30 to +50°C and ability to keep whole volu-
me for at least 3 minutes. 
The first testing of airbag backpacks was conducted 
between 1994 – 95 under the leadership of Swiss 
Federal Institute for Snow and Avalanche Research 
(Tschirky 1998). This experiment was executed on 
14 figurines, weighing 65 – 85 kg. All of them were 
buried by desk type of snow avalanche. Seven figuri-
nes were equipped by radio-activated airbags while 
the rest seven do not have this equipment. 6 out of 7 
airbags were radio activated and none of the figuri-
nes was buried into lower depth. At least the airbags 
were on surface in all six cases. Meanwhile, 4 out of 8 
remaining figurines were buried partially and 4 were 
buried completely. This was the proof of ABS system 
being successful and working.
Swiss researchers executed an experiment to compa-
re single and double ABS airbags and Avagear air-
bag during winter 2000 – 01 (Radwin 2002). 3 out 
of 13 figurines were equipped with Avagear, 4 were 
equipped with a single or double ABS airbag and 6 
figurines formed a control group. 5 out of 6 control 
figurines were buried completely. 3 out of 7 airbag-
-equipped figurines were buried partially without 
need of additional extrication. 1 stayed on the sur-
face and remaining 3 figurines were buried com-
pletely in head and chest area which meant prompt 
rescue. These were equipped with ABS system while 
Avagear equipped figurines were buried only partia-
lly without need of extrication or on surface. Even 

when there was a small quantity of subject in the ex-
periment, justification of airbag system was proofed. 
They play a big role in localization and rescue in case 
of complete burial of head and chest.
Concerning casuistic data processing of real avalan-
che accidents, Brugger 2007 worked with 1504 victi-
ms of 752 avalanches in Switzerland amongst 1990 
– 2000 and 2002 – 2003 (1296 people, 86,2 %) and 
in Austria between 1998 – 2004 (208 people, 13,8 %) 
where 35 were equipped with airbag system. 34 out 
of these 35 survived (97,1 %), while the only decea-
sed was pressed at a tree and died from immediate 
avalanche consequences. During these events, there 
were 7 out of 35 airbags malfunctioned or not acti-
vated at all. In one case the airbag was inflated into 
a backpack and additional one did not work due to 
an empty cylinder. Remaining 5 airbag systems were 
not activated by users. 6 out of 28 people (21,4 %) 
who activated their airbag system were completely 
buried but in all cases the airbag were visible on top 
of the avalanche and so the victims survived.
Haegeli (2014) compared critical burial, wounds and 
mortality rate from the aspect of airbag backpack us-
age and shows that jeopardy is dramatically lower. It 
is proofed not only for inflated airbags but also for 
not inflated ones (see Table 1). 
According to Chardon (2007), the airbag backpacks 
are very successful in providing higher safety to their 
users and so in lowering mortality rate during ava-
lanche accidents. This study even claims that using 
these systems is 95 % successful concerning burial 
and wounds of user (see Table 2).

a) Airbag use Critical burial Risk of critical burial Fatality Mortality

No Yes No Yes

No 49 62
} 54%

77 40
} 34%

Yes-non-inflated 15 13 22 10

Yes-inflated 60 14 19% 66 8 11%

Absolute risk reduction   -35pp Absolute mortality reduction -23pp

b) Airbag use Critical burial Risk of critical burial Fatality Mortality

No Yes No Yes

No 49 62 56% 77 40 34%

Yes-non-inflated 15 13
}27%

22 10
}18%

Yes-inflated 60 14 66 8

Absolute risk reduction   -29pp Absolute mortality reduction -17pp

Table 1: Critical burial and death rate reduction with a) inflated airbags b) not inflated and inflated airbags (pp: percentage points) (Haegeli 2014)
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Enquete Suisse de 1991 – 2005 
χ2 = 12,123

EPI Avec ABS ou-
verture

Sans ABS ou 
non utilisé

Total

Vivants 76 6 82

Morts 1 3 4

Total 77 9 86

Enquete France (Tarentaise) de 2005-2006
χ2 = 8,42

χ2 = 8,42

Vivants 12 25 37

Morts 0 26 26

Total 12 51 63
Table 2: Avalanche accident evaluation in Switzerland and France 
during 1991 – 2005 (airbag backpack usage) (Chardon 2007)

Contemporary airbag systems
As mentioned previously, there are a  few systems 
which are all, except for JetForce type, based on cy-
linder system. Gas from these cylinders inflates bags 
which, depending on backpack system, swell along-
side a  backpack, behind head or around head and 

body of user.
JetForce system utilizes a ventilator for inflating its 
airbags. The ventilator is a  part of a  backpack (see 
Picture 8). For comparing particular system, use 
Table No. 4.

 Figure 1: Difference between mortality while using airbag system (Brugger 2007)

Picture 4: Airbag system scheme (ABS)
 
1/ airbag
2/ cylinder
3/ head with hint spine
4/ airbag pockets
5/ inflating and deflating valve
6/ launching handle
7/ shoulder stripe
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• 1. ABS
German company ABS is a pioneer among airbag 
backpack producers. It announced the first working 
airbag backpack in 1985. This system is being used 
by BERGANS, DAKINE, DEUTER, HAGFLÖS, 
ORTOVOX, SALEWA, THE NORTH FACE, VAU-
DE, HEAD SALOMON, SALEWA, ATOMIC com-
panies. The system works with complete back unit at 
which different volume backpacks can be attached 
by zipper. This system is not removable except for 
ORTOVOX Company which uses M.A.S.S. (Modu-
lar Airbag Safety System). Two independent airbags 
of 85 L volume are inflated alongside the backpack 
while each of them has its own inflating/deflating 
valve. Launching handle can be placed both onto 
right or left shoulder strap. Launching itself is exe-
cuted by pulling a handle which activates pyro-ligh-
ter inside the handle. The lighter perforates cylinder 
placed inside a  backpack through pipeline. After 
such inflating, removing both cylinder and handle 
is necessary. ABS system can be equipped by remote 
control.

Picture 5: ABS System (ABS) and its launching 

 2. MAMMUT SNOWPULSE
Swiss company SNOWPULSE was founded in 
2006. In 2011 is bought by MAMMUT SPORTS 
GROUP AG which started to use Snowpulse sys-
tems in their backpacks. There are two separate sys-
tems that cannot be mixed up and might be used 
only in specific backpacks determined for one of 
the systems. PAS (Protection Airbag System) infla-
tes airbag around users head; neck and chest (see 
Picture No. 6). RAS (Removable Airbag System) 
utilizes an airbag inflating behind users head and 

shoulders (see Picture No. 7). Volume of airbags is 
150 L. Both of these systems are removable so they 
might be used with different compatible backpacks. 
RAS system is compatible with MAMMUT, SCO-
TT, OAKLEY, FERRINO JONES backpacks. PAS 
system is currently used by MAMMUT. Pulling 
a  launching handle causes inflating of the airbag. 
The handle must be loaded before use by special 
crank. In case the system is not loaded, the cylinder 
cannot be attached.

Picture 6: PAS Mammut Snowpulse System (MAMMUT) and its 
launching

Picture 7: RAS Mammut Snowpulse System (MAMMUT) and its 
launching
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Picture 9: Scott Alpride System (SCOTT) PRAS and its launching

• 5. BCA FLOAT 

BCA Float is often used airbag system overseas. The 
system can be described as a light one with an airbag 
of 150 L volume which is activated by a launching 
handle while its airbag is filled with air running out 
of a cylinder. BCA Float system is removable when 
more than 200 usage of the airbag is guaranteed. 

Picture 10: BCA Float System (BCA)

• 3. PIEPS JETFORCE
As mentioned previously, this system does not use 
a cylinder for inflating its airbags yet electric ven-
tilator powered by Li-Pol battery is used. Repeated 
inflating is, according to producer, possible up to 
four times, depending on temperature. Inflated 
airbag is of 200 L volume and is completely rea-
dy after 3,5 seconds. It is automatically re-inflated 
during next 3 minutes if the pressure is reduced. 
After 3 minutes, the ventilator reverses its working 
and deflates the airbag. That is how additional 200 
L air cavity forms to help a victim to survive. The 
battery must be charged. This can be checked by 
LED integrated in the handle. JetForce system is 
used by PIEPS and BLACK DIAMOND compa-
nies, Pieps Company is own by Black Diamond.

Picture 8: Pieps JetForce System (PIEPS) and its launching

• 4. SCOTT ALPRIDE

SCOTT company system has been inspired by air-
plane and ship safety vests. For inflating an airbag 
of 150 L volume it uses two small cylinders filled 
with mixture of CO2 and argon. The same cylin-
ders are used in safety vest systems what results 
in recognition by International Standards of Ae-
rial Transportation Association (ATA). Scott bac-
kpacks are very light (system weights 1,1 kg) and 
in addition, a launching handle is asymmetric and 
revolving and can be inserted into any shoulder 
strap. Alpride system is used by SCOTT and MI-
LLET producers.
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Conclusion
As particular studies have shown, the airbag safety 
device has its reason. It is obvious that airbag sys-
tems increase a  chance to survive when swept by 
a snow avalanche. It is necessary to point out that 
airbag backpacks serve to increase a  chance to 
survive not to help their users to dare more risky 
behavior with bigger level of danger.
It also must be said that not even the latest techni-
cal devices can eliminate the risk when moving in 
avalanche terrain. Except for the airbag backpacks, 
which are still only recommended, the passive ava-
lanche set (an avalanche probe, avalanche receiver 
and shovel) must be used.
Even if airbag backpack provably lowers the ava-
lanche death, its effect is not definite. It also can-
not prevent from some of the immediate avalanche 

consequences which kill 8 % victims of avalanche 
accidents (Falk 1994, Brugger 2001). According to 
the same statistics, 52 % of avalanche victims are 
digged out dead.
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