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ABSTRACT: AvaSAR is the first fully formalized rule and flow chart based decision support tool for 
companion and organized avalanche rescue. The companion rescue version includes the modules 
“Search and Excavate” as well as “Emergency Call & Basic Organization”, which defines for the first 
time emergency call priority based on quantitative criteria such as the ratio between available re-
sources and the number of buried subjects, proximity to organized rescue services, or likelihood of a 
find with companion rescue means. The risk-benefit in the first hour of companion rescue is almost 
always very high. Operating in the burial duration range where each minute is worth 2 to 3% of proba-
bility of survival of each buried subject, the components of the risk-benefit assessment had to be 
reevaluated and is strictly limited to avoiding slopes with similar characteristics.  

The organized rescue version required a more detailed risk benefit assessment for all components of 
the rescue mission, in particular because even at the fastest possible time of arrival on site, the moder-
ate residual survival chances often only allow to justify a limited deployment consisting of few, but highly 
trained rescuers. When the residual hazard would not allow a to expose terrestrial rescuers, the 
flowchart leads to evaluating the availability of airborne search means and the option of excavate the 
buried subject while attached to the helicopter, leading to more options to save the lives within an ac-
ceptable upper risk threshold for the rescuers. A systematic evaluation of the probability of detection 
based on the accident type, location and involved user groups leads to the most survival chance opti-
mized sequence of action in prioritizing helicopter time and search means. The search tactical logic of 
the flowchart is based on the generic search theory, and therefore constantly takes the interaction be-
tween the key variables search speed, precision and resolution into account and leads to the best pos-
sible fit between probability of detection, surface search speed and ultimately, probability of survival. 

KEYWORDS: Avalanche Rescue, Organized Rescue, Companion Rescue, Survival Chances, Proba-
bility of Detection. 

1. INTRODUCTION 

The rapid decrease of survival chances in ava-
lanche rescue requires a swift, efficient and effec-
tive rescue effort. A flowchart-based decision 
support tool is useful to avoid mistakes with po-
tentially tragic consequences in stressful situa-
tions. Furthermore, such protocols have a very 
important function in sharpening the mindset of 
companion and organized rescuers in a manner 
which lets them analyze situations and act with a 
strictly probability of detection and survival 
chance determined focus. 

2. METHODS 

Risk-Benefit considerations are the first step of 
AvaSAR Companion and AvaSAR Organized 
Rescue. 

 

Based on the fact that companion rescue starts 
immediately after the avalanche has occurred, 
the likelihood to save lives is much higher than in 
organized rescue. At the same time, the average 
level of expertise and available intelligence in 
companion rescue is lower than in organized res-
cue and the likelihood for secondary avalanches 
to bury the companion rescue party is statistically 
very low in the first hour after the initial event. 

Taking the exceptionally stressful situation of a 
companion rescue into account, only very sim-
plistic and easy to apply criteria to exclude unsus-
tainably high risks were considered. Furthermore, 
in companion rescue a slightly increased per-
sonal risk tolerance is justified by the fact that in 
most cases, the buried subject(s) are closely re-
lated to the companion rescuers. In summary, 
companion rescue offers a high benefit in terms 
of survival chances of the buried subject and in 
avoiding a severe personal loss for the compan-
ion rescuer. In organized rescue, the risk benefit 
assessment contains more factors and risk toler-
ance is limited by the fact that the rescue mission 
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takes place in an institutional setting where res-
cuers participate as part of an occupational full or 
part time activity. Organized rescue arrives with 
some time delay on scene, which on one hand 
reduces survival chances and on the other hand, 
hazards may increase in starting zones, in partic-
ular during longer SAR missions. 

Most rescue missions are triggered by an emer-
gency call from the party affected by the accident. 
Satellite based communication devices allow to 
pass the emergency information quickly and reli-
ably from almost any place in the world by simply 
pressing an SOS button. Other types of commu-
nication devices may only work in positions in the 
terrain which allow to establish a radio or mobile 
phone connection to the closest base station or 
radio repeater. In many countries, there is neither 
radio nor mobile phone coverage outside popu-
lated areas. In case the emergency call is not 
possible from the accident site, critical time and 
at least one person will be lost to alert organized 
rescue. In the first 35min, approximately 2% to 
3% survival chances are lost per minute for each 
buried subject. After 35min, the gradient of loss of 
survival chances is considerably lower. AvaSAR 
Companion Rescue includes an “Emergency 
Call” module, giving advice for the critical deci-
sions which need to be taken in case alerting or-
ganized rescue is not possible from the accident 
site. Evaluating the criteria allowing to identify the 
cases with a high likelihood for a rapid search and 
excavation of the buried subject(s) with the avail-
able companion rescue resources based on the 
survival curve, median size of debris and median 
rescue times was required to set the thresholds 
for cases where all available resources shall ini-
tially be invested in trying to save as many lives 
as possible. 

In the companion rescue “Search & Excavate” 
module, ensuring “Greatest Good for the Great-
est Number” is implied by a burial depth criterion 
in combination with a criterion testing if there is 
shortage of resources and therefore, strategies to 
invest the spare resources in the most promising 
cases need to be applied.  
Concerning the excavation procedure, all  
AvaSAR versions refer to the snow conveyor belt 
system and provide a compact summary of the 
most important criteria indicating in which con-
stellation the snow conveyor belt shall be applied 
taking burial depth, the number of available res-
cuers and slope inclination into account. 

During the last few winter seasons and in a geo-
metric analysis of the problem occurring when a 
probe hit is impossible from the surface of the de-
bris, it became obvious that the previous recom-
mendation of placing the reference probe 1.5m 

upslope of the suspected burial location is subop-
timal as it leads to an unnecessary large increase 
of excavation volume.  

The generic search theory, describing how prox-
imity to the search target and the level of com-
plexity of the search influences the appropriate 
choice of and interaction between search speed, 
search precision and the resolution of the search 
system sets the base for every single considera-
tion of airborne and terrestrial search. The ulti-
mate goal of all AvaSAR algorithms is to lead the 
rescuer to the most lifesaving sequence of action, 
which means the best possible ratio between 
search times and probability of detection.  

3. RESULTS 

AvaSAR Companion Rescue includes an “Emer-
gency Call” with cut-off times to determine when 
it is an advantage to invest all available resources 
in the first 15 and first 35min to save as many lives 
as possible on-site, before sending resources 
away to alert organized rescue in case an emer-
gency call is not possible from the accident loca-
tion. In case rescue seems feasible within 15min, 
the survival chances are >85% and the likelihood 
for the buried subject to be already in a critical 
medical condition is low, therefore survival de-
pends less on very fast arriving professional med-
ical care.  Besides the ratio between available 
companion rescuers and buried subjects, the 
training level, size of the debris as well as poten-
tial for the buried subject(s) to be in distinct terrain 
traps shall be taken into consideration in the quick 
on-site evaluation of “Is it realistic to have all bur-
ied subjects excavated within 15min after the ac-
cident?” There is little tolerance for uncertainties 
related to non-visible parts of the debris, accessi-
bility and the number of buried subjects in this 
analysis in order to justify an affirmative answer. 
In case success within the first quarter hours 
seems unrealistic, the 35min criterion is applied. 
If it seems realistic that organized rescue arrives 
within the first 35min after the accident, in which 
survival chances decrease 2 to 3% per minute, it 
is justifiable to send companion rescuers away to 
alert organized rescue, in case there still is a suf-
ficient number of rescuers available on-site to res-
cue the remaining buried subject efficiently. This 
is determined with by the “2 or more rescuers per 
remaining buried subject?” criteria, taking median 
burial depths as a resource criterion for efficient 
excavation into account.  After 35min, the gradi-
ent of decrease of survival chances becomes dis-
tinctively lower, thus in case the arrival of orga-
nized rescue does not seem realistic before this 
cut-off time, all companion rescue resources shall 
be invested on-site and only afterwards people 
shall be sent to alert a rescue team.  
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Optimizing survival chances in the “Search & Ex-
cavate” module is based on the “Burial depth ≥ 
1,5m?” combined with the “2 or more rescuers per 
remaining buried subject?” criteria.   
The reassessment of the required distance be-
tween the suspected burial location and the posi-
tion of the reference probe in case a probe hit is 
impossible from the surface of the debris has re-
vealed a mistake in the existing recommendation. 
Instead of taking the correction potential in each 
one of the 1m burial depth removal steps into ac-
count, it was assumed that the initial 1.5m offset 
needs to be able to correct most of the potential 
errors. Allowing a correction of 50cm in any direc-
tion in each meter of increase of excavation depth 
leads to a negative incline of the front or side 
walls of the snow conveyor belt of <27°, which is 
ergonomically feasible from an excavation tech-
nique perspective. Furthermore, practical experi-
ments have shown that the cohesion of the debris 
is in the vast majority of cases, in particular in 
deeper layers, sufficient to sustain a negative in-
cline of the front and side walls of <27° without 
collapsing.  

The evaluation of the best ratio between search 
times and probability of detection benefits of intel-
ligence concerning the likelihood of being search-
able by electronic search tools. Where the acci-
dent takes place, at which time of the year and 
the activity of the missing party allow assump-
tions, which then lead to an optimized sequence 
of action in AvaSAR. In the context of a search 
with multiple search tools, search speed is not 
only influenced by proximity and complexity, but 
as well depending on the search tool and the de-
ployment method in terms of terrestrial versus air-
borne. Following the AvaSAR flowchart from top 
to bottom reflects the aspects of surface search 
speed as it starts with the fastest possible search 
tools and deployment methods at the top (air-
borne transceiver search) and ends with the slow-
est search means at the bottom. Optimizing sur-
vival chances requires not only considering the 
most likely mean of detection, but equally the 
most likely burial areas and survival chances in 
different parts of the debris. These criteria are re-
evaluated by the AvaSAR algorithm in each pro-
gression of the search.  

 

Fig 1: AvaSAR Companion Emergency Call & 
Basic Organization  

 

Fig 2: AvaSAR Companion Search & Excavate  
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Fig 3: AvaSAR Organized Rescue 
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Fig 4: AvaSAR Organized Rescue (Terrestrial-only) 

 

4. DISCUSSION 

The simplified hazard and risk assessment in 
companion rescue, limited to “avoiding slopes 
with similar characteristics”, reflects on one hand 
the generally better risk/benefit ratio given by the 
extraordinary high benefits in relation to the very 
low statistical risk of a secondary avalanche in a 
companion rescue setting. In organized rescue, it 
is of utmost importance to pay close attention to 
the fact that the overall risk of the mission in-
creases linear to the increase of the number of 
exposed rescuers, while at the same time, the 
benefit, which shall be in sustainable ratio to the 
risk, decreases rapidly. The coincidence that the 
exponential increase in availability of resources 
falls in a period where the survival chances are 
often already reduced by 70 to 80% remains a 
challenging point to remember for decision mak-
ers in organized rescue missions. Different world  

regions have the main challenges in different 
phases of a mission. In North America, there is a  
lack of sensibility for the urgency of the situation 
and in cases where it is possible to arrive on 
scene rapidly, one should avoid losing survival 
chances with unsustainably restrictive adminis-
trative hindrances and overly excessive safety re-
quirements. On the other hand, in Europe, it is im-
portant to limit exposure of rescuers once the ex-
pected benefit is low. The overall challenges of 
the risk -benefit picture in organized avalanche 
rescue clearly speaks in favor of smaller, highly 
trained rescue teams with fast response times in 
contrast to larger, less qualified teams with slower 
response times. 
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In case of an unsustainable risk-benefit for a ter-
restrial search and rescue mission, the concept of 
smaller, highly trained teams allows to immedi-
ately switch the strategy to airborne searches and 
helicopter-attached excavation and extrication. 
The advantages of airborne searches and heli-
copter-attached excavation is unfortunately still 
underestimated and even if the required means 
are available, often only seen as a “mean of last 
resort” instead of an excellent choice of tools to 
quickly save lives in delicate situations.  
At the same time, the importance of having an av-
alanche dog available as the first arriving re-
source on-site is often strongly overestimated 
when looking at the low percentage of cases 
where dog searches where critical to make a live 
saving find. While avalanche dog teams have ad-
vantages in certain, statistically decreasing num-
ber of cases, upholding a fast departure of rescue 
and medical resources beyond the cut-off times 
and criteria mentioned in AvaSAR Organized 
Rescue will lead to an unnecessary loss of sur-
vival chances for the vast majority of patients and 
buried subjects which do not favor of an early 
presence of an avalanche dog team on-site.  

The cut-off times and criteria of the Companion 
Rescue “Emergency Call” module are based on 
the assumption that there is a high likelihood to 
find those who were caught by the avalanche 
when looking for visual, auditive and transceiver 
signals, which are all part of the signal search ap-
plied in companion rescue. In case of buried sub-
jects with no visible parts and no transceiver, the 
likelihood for companion rescue to be efficient is 
strongly reduced. Therefore, the companion res-
cue “Search & Excavate” module includes a 
fallback criterion to immediately send people 
away to alert organized rescue in case even a 
thorough visual search does not lead to a find.  
When an airborne search is carried out by a heli-
copter in a situation where a terrestrial search 
would be possible from a risk-benefit perspective, 
the benefit of the additional search speed needs 
to be carefully considered in case there are no 
other means of transport available to bring other, 
equally life-saving resources to the accident site 
in an early stage of the rescue mission.  

 

 

 

 

 

5. CONCLUSIONS 

AvaSAR is a systematic, fool-prove, flowchart-
based decision-making support tool for compan-
ion and organized rescue. AvaSAR, in combina-
tion with the AvaLife protocol, represent an  
all-encompassing set of training and decision-
making support tools indicating how to act and 
use the available resources in any possible situa-
tion in the most life-saving manner.  
The publication of AvaSAR concludes more than 
three decades of research and development in 
avalanche search and rescue. The protocols are 
available at MountainSafety.info in multiple lan-
guages.  
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