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Welcome to the first ISSW in
Europe!

Willkommen zum ersten ISSW in
Europa!

On behalf of the ISSW 2009 Organizing
Committee, we would like to welcome you to
the first ISSW in Europe! When we brought
up the idea of organizing a European ISSW in
Telluride three years ago, our North American
colleagues reacted very positively. We warmly
thank our North American colleagues for the
honour of sharing the renowned ISSW label.

Im Namen des ISSW 2009 Organisationskomitees
möchten wir Sie herzlich willkommen heissen
zum ersten ISSW in Europa! Als wir vor drei
Jahren in Telluride die Idee vorbrachten, einen
europäischen ISSW zu organisieren, reagierten
unsere nordamerikanischen Kollegen sehr
positiv. Wir danken ihnen herzlich für die Ehre,
das bewährte Label ISSW nutzen zu dürfen.

2009 is a timely year for this conference, 10
years after the disastrous avalanche winter in
the European Alps. During the last 10 years we
have seen a boost of development in snow and
avalanche science and its transfer into practice
in fields such as avalanche forecasting, hazard
mapping and mitigation measures.

2009 ist ein passendes Jahr für diese
Konferenz, 10 Jahre nach dem katastrophalen
Lawinenwinter in den europäischen Alpen.
Die vergangenen 10 Jahre waren geprägt von
grossen Anstrengungen in der Schnee- und
Lawinenforschung und ihrer Umsetzung in
die Praxis in verschiedenen Fachgebieten wie
z.B. Lawinenvorhersage, Gefahrenkartierung,
Schutzmassnahmen.

“A merging of theory and practice”, the
tremendously successful motto of the ISSW
opens new opportunities and challenges with
the first European ISSW. Looking back at
past ISSW conferences in North America, the
participants from Europe were mainly scientists
from research institutes. It has been our specific
goal to motivate European practitioners to
attend this ISSW. Simultaneous translations
into English, German, French, and Italian will
hopefully help to promote exchanges between
practitioners and scientists.
We thank all our sponsors and partners for
making the first ISSW in Europe possible. Thank
you for coming to Davos, the cradle of snow and
avalanche research in the Alps, and we wish you
a successful conference!
Jakob Rhyner, Britta Allgöwer, Jürg Schweizer

«Die Verknüpfung von Theorie und Praxis», das
äusserst erfolgreiche Motto des ISSW eröffnet
mit der ersten Durchführung in Europa neue
Möglichkeiten und Herausforderungen. Schaut
man auf die letzten ISSWs in Nordamerika
zurück, so nahmen aus Europa vor allem
WissenschaftlerInnen und ExpertInnen aus
Forschungsinstituten teil. Es ist unser erklärtes
Ziel, die Praktiker aus Europa zur Teilnahme
an diesem ISSW zu motivieren. Auch die
Simultanübersetzungen in Englisch, Deutsch,
Französisch und Italienisch werden hoffentlich
den Austausch zwischen Praxis und Wissenschaft
fördern.
Wir danken allen unseren Sponsoren und
Partnern, welche den ersten ISSW in Europa
möglich machen. Danke, dass Sie nach
Davos kommen, der Wiege der Schnee- und
Lawinenforschung in den Alpen. Wir wünschen
Ihnen eine erfolgreiche Konferenz!
Jakob Rhyner, Britta Allgöwer, Jürg Schweizer
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Bienvenue au premier ISSW en
Europe!

Benvenuti al primo workshop ISSW
in Europa!

Au nom du comité d’organisation ISSW 2009,
nous désirons vous souhaiter chaleureusement
la bienvenue au premier ISSW en Europe ! Il
y a trois ans à Telluride, lorsque nous avons
évoqué l’idée d’organiser un ISSW européen, nos
collègues américains ont réagi de manière très
positive. Ainsi nous avons l’honneur de pouvoir
utiliser le label reconnu ISSW et nous les en
remercions très sincèrement.

A nome del comitato organizzatore del
workshop ISSW 2009, vi diamo il nostro più
caloroso benvenuto al primo workshop ISSW
in Europa! Quando tre anni fa a Telluride
proponemmo l’idea di organizzare un workshop
ISSW europeo, la reazione dei nostri colleghi
nordamericani è stata molto positiva. Cogliamo
l’occasione per ringraziarli per averci concesso
l’onore di utilizzare il prestigioso marchio ISSW.

Pour cette conférence, 2009 est une année
bien choisie, 10 ans après l’hiver avalancheux
catastrophique dans les Alpes européennes.
Ces 10 dernières années ont été marquées par
des efforts importants dans la recherche sur la
neige et les avalanches, et dans sa mise en œuvre
pratique dans différents domaines comme les
prévisions d’avalanche, la cartographie des
dangers et les mesures de protection.

Il 2009 è l’anno giusto per questa conferenza,
perché cade esattamente 10 anni dopo l’inverno
catastrofico che si è abbattuto sulle Alpi
europee nel 1999. Gli ultimi 10 anni sono stati
caratterizzati da grandi sforzi nel settore della
nivologia e dalla loro messa in pratica in diverse
discipline, come p.es. previsione delle valanghe,
mappatura dei pericoli, misure di sicurezza.

“Une fusion de la théorie avec la pratique”,
la devise qui a fait le succès de l’ISSW offre,
avec la première édition européenne, de
nouvelles possibilités et de nouveaux défis. Si
l’on se retourne sur les dernières conférences
ISSW en Amérique du Nord, on constate que
ce sont surtout des scientifiques et experts
d’organismes de recherche de l’Europe qui y ont
participé. Notre objectif avoué est de motiver
les professionnels européens de la neige à
participer à cet ISSW. Les traductions simultanées
en anglais, allemand, français et italien vont
certainement encourager les échanges entre la
pratique et la science.
Nous remercions tous nos sponsors et partenaires
qui rendent possible ce premier ISSW en Europe.
Merci de nous rejoindre à Davos, berceau de la
recherche sur la neige et les avalanches dans les
Alpes. Nous vous souhaitons une conférence très
réussie!
Jakob Rhyner, Britta Allgöwer, Jürg Schweizer

“La fusione della teoria con la pratica”, il
motto dell’ISSW che ha riscosso tanto successo,
inaugura con la sua prima edizione europea
una nuova fase di possibilità e sfide. Volgendo
indietro lo sguardo all’ultimo workshop ISSW
che si è tenuto nel Nordamerica, i partecipanti
europei erano rappresentati soprattutto da
scienziati ed esperti di istituti di ricerca. Il
nostro obiettivo dichiarato è quello di invitare a
partecipare a questo workshop ISSW anche tutti
coloro che lavorano in prima linea. Speriamo
inoltre che un servizio di interpretariato
simultaneo in inglese, tedesco, francese e
italiano contribuirà a favorire lo scambio tra
teoria e pratica.
Cogliamo infine l’occasione per ringraziare
i nostri sponsor e partner, che hanno reso
possibile l’organizzazione del primo workshop
ISSW in Europa. Grazie per la vostra visita
a Davos, la culla della nivologia alpina. Vi
auguriamo una conferenza interessante e piena
di successo!
Jakob Rhyner, Britta Allgöwer, Jürg Schweizer
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Schedule at a glance
Time

Sunday
27 September

8:30

Monday
28 September

Tuesday
29 September

Registration

Registration

Opening
Session 4

Session 1
10:00

Coffee break

Coffee break

Session 2
Session 2

Poster Session

Lunch

Lunch

12:00

Registration

Poster Session

17:30

Ice breaker

SLF guided tour
(optional)

19:00

SILS-GV

Avalanche Divas Night
20:00
Social Events see page 255
Excursions see page 256
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BBQ

Excursions

Quantitat.
Stratigr.

Arificial
Release

Coffee break
Quantitat.
Stratigr.

Coffee break

Arificial
Release

16:00

Avalanche
Education

Session 3

Avalanche
Education

14:00

International Snow Science Workshop, Davos 2009, Abstracts

Time

Wednesday
30 September

Thursday
1 October

Friday
2 October

Registration

Registration

Registration

8:30
Session 6

Session 5

10:00

Workshop
Bauen im
Permafrost

Coffee break

Coffee break

Poster Session

only in
German!

Session 7

Session 8

Coffee break

Session 9

12:00
Closing
Lunch

Lunch

Avalanche
Dynamics

Excursions

Avalanche
Dynamics

Avalanche
Rescue

Coffee break
Avalanche
Rescue

Excursions

Snow as
ressource
Snow as
ressource

17:30

Coffee break
Avalanche
Forecasting

16:00

Avalanche
Forecasting

Farewell Drink
14:00

Workshop
Bauen im
Permafrost

SLF guided tour
(optional)

only in
German!

SLF guided tour
(optional)
19:00

Davos Apéro

Conference Dinner

20:00
Public Event
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Congress Center Davos
Promenade Level
Wing B
Pischa

Wing C

Wing A

Park Level
Wing B

Wing C

Entrance
Plenary
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Talstrasse Level
Wing B

Wing C

Trade Show

Plenary

Wing A
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Your competent partners
for robust and reliable measuring systems
in extreme and alpine
regions!







SPA - Snow Pack Analysing System for liquid water and
ice content, snow density and snow water equivalent
measurments
USH 8 – Ultrasonic Snow Depth Sensor for continuous
and non-contact snow depth measurement
Snow Pillow for measurement of hydrostatic pressure
caused by snow layer
Snow Weather Station a innovative all-in solution
Avalanche Prevention - consulting service

Sommer GmbH & Co KG, Strassenhäuser 27
A-6842 Koblach, T +43.5523/55989 - 0
F +43 5523/55989-19, www.sommer.at

tytec AG, Fabrikstrasse 9
CH-8755 Ennenda, T +41 55 640 91 31
info@tytec.ch , www.tytec.ch

Avalanches Are Fast.
Now Rescuers Are Too.
easy clear guidance thanks to straightforward handling fast quick and precise
location thanks to 360° display and three
antennae effective saves time thanks to
clear overview in the event of several
victims.
www.mammut.ch
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Monday, 28 September 2009
07:00

Speakers Breakfast
Location: Kongress Hotel

12:10

Measurements of weak snowpack layer
friction
Alec van Herwijnen, Joachim Heierli

12:30

Lunch break

08:30 Opening

Snowpack properties and spatial
variations

Avalanche case studies
Location: Plenary
Chair: Richard Marriott
08:40

Mitigating the avalanche hazard on the
Milford Road, New Zealand
Wayne Carran, Ann Carran, Howard B. Conway

09:00

“The White Death” in Quebec since 1825:
from awareness of the problem to risk
management
Dominic Boucher, Bernard Hétu

09:20

The challenges for Scottish avalanche
forecasters observing a maritime snowpack
Mark John Diggins

09:40

The avalanche events of December 2008 in
Ceresole Reale (Piedmont Western Italian
Alps)
Margherita Maggioni, Angelo Caimi, Danilo
Godone, Michele Freppaz, Andrea Bertea,
Marco Cordola, Maria Cristina Prola, Valerio
Bertoglio

10:00

10:20

Experiences arising from the Belalp avalanche
in the canton of Valais, Switzerland
Peter Schwitter, Lukas Stoffel
Coffee break
Location: Foyer

Ort: Plenary
Chair: Jerome B. Johnson
14:00

Modeling variation of surface hoar and
radiation recrystallization across a slope
Edward E. Adams and 11 others

14:20

Tracking changes in buried melt freeze crusts
Michael Andrew Smith, Bruce Jamieson

14:40

Numerical modeling of liquid water
movement in snow cover
Hiroyuki Hirashima, Satoru Yamaguchi, Atsushi
Sato

15:00

Understanding snow transport processes
shaping the mountain snow cover
Rebecca Mott, Michael Schirmer, Thomas
Grünewald, Michael Lehning

15:20

Temporal changes in slope-scale spatial
variability: Implications for avalanche
forecasting
Karl W. Birkeland, Eric Lutz, Kalle Kronholm,
Spencer Logan, Kathy Hansen Crawford

15:40

Coffee break
Location: Foyer

Properties of snow
Location: Plenary
Chair: Hansueli Gubler
10:50

Faceted melt forms, a deadly and
unpredictable weak layer
Bill Glude

11:10

Temperature gradient metamorphism is not a
classical coarsening process
Bernd Pinzer, Martin Schneebeli

11:30

In-situ measurements and temporal evolution
of the thermal conductivity profile of an
alpine snowpack
Samuel Morin, Florent Domine, Laurent
Arnaud, Ghislain Picard, Hans-Werner Jacobi,
Jean-Marie Willemet

11:50

Numerical investigation of factors causing
near-surface metamorphism
Andrew Edward Slaughter, Edward E. Adams
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16:10–18:00
Poster Session 1: Avalanche case studies,
snow and snow cover properties, spatial
variations, avalanche formation, snow
chemistry
Location: Plenary / Foyer
Chair: Charles Fierz
The avalanche cycle of December 2008 in the
eastern part of the southern French Alps:
cross comparison of meteorological and
avalanche data
Cécile Coléou, Nicolas Eckert, Michael
Deschatres
Aosta Valley – (North-West Italy) December
2008 under the banner of avalanches
Valerio Segor
Major avalanches in Eastern Pyrenees and
North Atlantic Oscillation
Carles García, Juan Carlos Peña, Glòria Martí,
Pere Oller, Pere Martínez
Snow avalanches potential and management
of Romanian Carpathians. Case study-Bâlea
glacial valley (Fǎgǎraş massif)-Southern
Carpathians
Voiculescu Mircea

Measuring thermal conductivity of snow: the
problem with needle probes
Fabienne Riche, Bernadette Koechle, Martin
Schneebeli
A new device to acquire high-resolution
vertical profiles of snow specific surface area
L. Arnaud, G. Picard, N. Champollion, S. Morin,
F. Domine, F. Flin, B. Lesaffre, A. Royer, A.
Langlois P. Cliche, D. Six, J.-M. Barnola, M. Fily
Force-controlled shear experiments with
layered snow samples
Ingrid Reiweger, Robert Ernst, Jürg Schweizer,
Jürg Dual
SPA – Snowpack analyzing system
Reinhard Fiel, Wolfram Sommer, Thomas
Rentsch
Systematic assessment of new snow
settlement in SNOWPACK
Walter Steinkogler, Charles Fierz, Michael
Lehning, Friedrich Obleitner

Avalanches and snow mobile traffic around
Longyaerbyen, Svalbard
Markus Eckerstorfer, Hanne H. Christiansen,
Ullrich Neumann

Aerodynamic and surface characteristic length
scales of snow covered flat planes
Christof Gromke, Michele Guala, Benjamin
Walter, Costantino Manes, Michael Lehning

Avalanches in the Sibillini Mounts
(Marche, Italy)
Alessandro Fabbrizio, Giuliano Mainini

Granular phase transition in depth hoar and
facets: A new approach to snowpack failure?
Duclos Alain, Stéphane Caffo, Marc Bouissou,
Jane Blackford, François Louchet, Joachim
Heierli

Visualization of three-dimensional snow:
how to use it in snow education
Martin Heggli, Matthias Jaggi, Bernd Pinzer,
Stephen Steiner, Thiemo Theile, Martin
Schneebeli
Polar snow and firn – Examples from a natural
long-term “experiment”
Maria Winona Hörhold, Johannes Freitag,
Sepp Kipfstuhl
Controlling crystal habit in a small scale
snowmaker
Josephine Anne Bones, Edward E. Adams
Laboratory simulations of surface hoar events
in southwest Montana
Richard Hayden Shertzer, Patrick Joseph
Staron, Edward E. Adams
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Observations of sintering over two seasons in
a mountain snowpack
Edward H. Bair, Jeff Dozier, Robert E. Davis,
Thomas U. Kaempfer, Michael T. Colee, Randall
Mielke, Jane Blackford

Comparison of shock waves provoked by
various artificial avalanche release techniques,
and of their effects on the snowpack
Philippe Berthet-Rambaud
Snow-profiling at Weissfluhjoch
Roland Meister
Measurement of dynamic water-entry value
for dry snow
Takafumi Katsushima, Satoru Yamaguchi,
Toshiro Kumakura, Atsushi Sato
Measuring the water retention curve of snow
Satoru Yamagichi, Takafumi Katsuhima,
Atsushi Sato, Toshiro Kumakura
Wet snow diurnal evolution and stability
assessment
Frank Techel, Christine Pielmeier
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Observations and analysis of two large wetsnow avalanche cycles
Christoph Mitterer, Rebecca Mott, Jürg
Schweizer

Analysis of temporal and spatial snow depth
changes in a steep rock face
Vanessa Wirz, Michael Schirmer, Michael
Lehning

Snow pit measurements interpretation for
snow stability evaluation
Pavel Chernous, Yuri Fedorenko, Alexander
Bozhinsky, Nikolay Barashev

Terrestrial laser scanning for snow depth
observations: An update on technical
developments and applications
Alexander Prokop

Extended column test versus compression test
and rutchblock test: comparison of methods
to assess snowpack stability in Aosta Valley
(NW – Italy)
Elisabetta Ceaglio, A. Obert, M. Freppaz, M.
Maggioni, E. Zanini

The influence of aspect on physical and
chemical properties of the snow cover in
a basin on the Monte Rosa Massif (Northwestern Italian Alps)
Antoine Brulport, Margherita Maggioni,
Michele Freppaz, Gianluca Filippa, Emil
Squinobal

SNOWPACK software application and
comparison with hand-collected snow profiles
in Aosta Valley (NW-Italy)
Elisabetta Ceaglio, C. Cappelletti, P.
Dellavedova, M. Freppaz, M. Maggioni, V.
Segor, E. Zanini
Validation of the SNOWPACK model in the
Dolomites
Fabiano Monti, Anselmo Cagnati, Charles
Fierz, Michael Lehning, Andrea Pozzi, Mauro
Valt
Fracture line profiles in Japan
Shinji Ikeda
Avalanche triggering by sound: myth and
truth
Benjamin Reuter, Jürg Schweizer

Chemical and mineralogical properties of
dust layers in alpine snowpack (Aosta Valley,
North-western Italian Alps)
Elisabetta Ceaglio, Eleonora Bonifacio,
Michele Freppaz, Gianluca Filippa, Ermanno
Zanini
Major element chemistry of inner-alpine
snowpacks, Aosta Valley (NW Italian Alps)
Gianluca Filippa, Michele Freppaz, Mark W.
Williams, Ermanno Zanini
Snow quality in a large city: the case of Torino
(NW-Italy)
Davide Viglietti, Mattia Biasoli, Gianluca
Filippa, Michele Freppaz, Jacopo Gabrieli,
Carlo Barbante, Ermanno Zanini

Where to dig? – On optimizing sampling
strategy
Sascha Bellaire, Jürg Schweizer
Spatially predicting surface hoar crystal size
in sparse forests using shading in satellite
imagery
Cora Shea, Bruce Jamieson
Snow and avalanche: the influence of forest
on snowpack stability
Davide Viglietti, Stephanie Letey, Renzo
Motta, Margherita Maggioni, Michele Freppaz
Blowing snow measurements: Comparison
between different sensors and back analysis
of drifting snow events at Lac Blanc pass
Florence Naaim-Bouvet, Hervé Bellot,
Mohamed Naaim, Christophe Genthon
Online NWP-model data as boundary
conditions for snow drift simulation
Simon Schneiderbauer, Stefan Pirker
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Tuesday, 29 September 2009
07:00

Speakers Breakfast
Location: Kongress Hotel

08:30 Avalanche formation and snow stability
evaluation
Location: Plenary
Chair: Alain Duclos
08:30

Slab avalanche release models, and their
relevence to the practitioner
Blair Fyffe

08:50

The effect of solar warming on snowpack
creep
Thomas Exner, Bruce Jamieson

09:10

Glide avalanche response to extreme rain-onsnow event, Snoqualmie Pass, Washington,
USA
John Stimberis, Charles Rubin

09:30

Validating the Propagation Saw Test on the
slope scale
Cameron Ross, Bruce Jamieson

09:50

Regional stability evaluation with modelled
snow cover data
Michael Schirmer, Jürg Schweizer, Michael
Lehning

10:10

Coffee break
Location: Foyer

10:40–12:20
Poster Session 2: Avalanche forecasting,
avalanche dynamics and protection
measures
Location: Plenary / Foyer
Chair: Ross Purves
Early warnings for extreme snowfall in the
Swiss Alps
Patrick Hächler, Daniel Gerstgrasser
Regional avalanche warning in Norway, a new
concept for a large country
Christian Jaedicke, Steinar Bakkehøi, Frode
Sandersen, Kjetil Brattlien, Anders Solheim
The lower Austria Avalanche Warning Service
– the youngest in the Alps
Arnold Studeregger, Hannes Rieder, Fritz
Salzer
Styrian avalanche service – danger scale 5 –
more than 200 avalanches
Arnold Studeregger, Hannes Rieder
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A new iconographic avalanche bulletin for
the Catalan Pyrenees: a beginning for a future
avalanche forecasting database
Glòria Martí, Jordi Pujol, Jorge Fleta, Carles
Garcia, Pere Oller, Olga Costa, Pere Martínez
Analyzing the environmental effects on the
danger of avalanches using geoinformation
technology
Gerald Gruber, Andreas Hecke, Alfred Wieser
Integration of the snowdrift modelling into
the French operational chain for avalanche
hazard forecasting
Gilbert Guyomarch, Yves Durand, Gérald
Giraud
Estimating the success of artificially triggering
avalanches with the combination of cluster
and discriminant analysis
Reinhard Fromm
Common information platform for natural
hazards in Switzerland
Ingo Petzold, Peter Binder, Cyril Perot, Hans
Romang, Manfred Spreafico, Sabina Steiner,
Jakob Rhyner
Using LIDAR (Light Distancing and Ranging)
data to more accurately describe avalanche
terrain
Christopher Michael McCollister, Robert
Howard Comey
Using high resolution LiDAR data to estimate
potential avalanche release areas on the
example of Polish mountain regions
Paweł Chrustek, Piotr We˛żyk
Avalanche outline mapping with a digital GPS
camera
Roland Meister, Patrik Jeller
Detecting snow avalanches with seismic
stations in North-East Italy: first results of
dataset analysis
Mauro Valt, Damiano Pesaresi
Dendrochronological reconstruction of spatial
and temporal patterns of snow avalanches in
the Patagonian Andes
Alejandro Casteller, Ricardo Villalba, Veronika
Stöckli
Documentation and analysis of avalanche
events
Siegfried Sauermoser, Hannes Hübl
Snow and weather conditions study for the
avalanches on the Lautaret pass road
(French Alps)
Daniel Goetz
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French avalanche research: Experimental test
sites
Xavier Ravanat, Frédéric Ousset
Density measurements in snow avalanche
flow
Betty Sovilla, Martin Kern, Marius Schaefer,
Michel Louge
Comparison and complementarities of
avalanche pressure measurements:
piezo-electric load cells and deformation
based pressure deconvolution
Djebar Baroudi, Betty Sovilla, Emmanuel
Thibert
Automatised range-gated Doppler radar
measurements of a spontaneously released
avalanche at the Vallée de la Sionne test site
Lambert Rammer, Helmut Schreiber, Martin
Hiller, François Dufour, Betty Sovilla, Peter
Gauer, Martin Kern
High-speed video recording in snow chute
experiments
Marius Roman Schaefer, Martin Kern
Scaled laboratory experiments on the
evolution of fluidised avalanches
Josef Koegl, Armin Graf, Lambert Rammer,
Karl Kleemayr, Martin Kern, Peter Gauer,
Gerhard Kapeller, Markus Aufleger
Fundamental studies on applications of MPS
method for computing snow avalanches
Tatsuya Otsuka, Yasuyuki Shimizu, Ichiro
Kimura, Masaya Otsuki, Yoshihiko Saito
Discrete element modelling to compute drag
coefficients of obstacles impacted by granular
flows
Lionel Favier, Dominique Daudon, Frederic
Donze, Jacky Mazars

CLPA – Reflection on the quality of the
testimonies collected during a field
investigation
Romain Gaucher, Mylene Bonnefoy, Xavier
Pasquier-Bernachot
Definition of hazard zones for dense snow
avalanches
Paolo Scotton, Francesca Moro, Stefano De
Toni, Daniele Dalla Valle, Irene Vigni
The solid ortho-image: a new tool to identify
avalanche terrains
Danilo Godone, Margherita Maggioni, Michele
Freppaz
The current state of avalanche risk analysis
and hazard mapping in Uzbekistan
Eleonora Semakova, Sergey Myagkov, Richard
Armstrong
First experiences in applying the “Swiss
Guideline to account for avalanche hazard of
ropeways in ski areas”
Mark Schaer, Stefan Margreth
Finite element models and sensitivity analysis
of the vulnerability of an avalanche protection
gallery
Dominique Daudon, Juline Baroth, Patrycja
Szczurowska, Ma Ying, Pascal Perrotin
Three years snow net project Hafelekar/
Innsbruck
Lambert Rammer, Matthias Granig
Avalanche risk in a changing climate –
Development of a landslide and avalanche
risk model
Heidi K. Bjordal, Jan Otto Larsen
Avalanche protection for construction site
Thomas Rentsch, Ruedi Stüssi

A granular shear model for dense avalanche
flows: Simulation of the Vallée de la Sionne
CB 1 avalanches Nos. 509, 816 and 917 with
RAMMS
Perry Bartelt, Marc Christen

Avalanche problems, their effects on roads
and ski resort planning studies in Sivrikaya
Ovit mountain pass in eastern Black Sea
region of Turkey
Omer Murat Yavas, Gökhan Arslan, Zafer
Yazici, Sinan Demir

Dynamic avalanche modeling in natural
terrain
Jan-Thomas Fischer, Julia Kowalski, Shiva P.
Pudasaini, Stephen A. Miller

Web-based tool to support local avalanche
services with hazard evaluation and
documentation
Sibylle Möhle, Lukas Stoffel

Statistical avalanche run-out modeling using
GIS on selected slopes of Western Tatras
National park, Slovakia
Marek Biskupic, Ivan Barka

Evaluation of avalanche warning strategies
for traffic routes using signal detection theory
Christoph Matthias Rheinberger, Jakob Rhyner

Regional methods for snow avalanche
prediction: the case of Italian Alps
Daniele Bocchiola

A new evaluation tool for of the exposure to
the avalanche risk for the roads
François Rapin, Philippe Bouvet
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Experiences on a storm causing avalanche
cycles in south-west Norway
Njål Farestveit, Sara Skutlaberg
Avalanche risk management along roads –
Case study of Highway 15 “Strynefjellet”,
Norway
Michael Bründl, Krister Kristensen

14:00–17:30
Workshop 1: Avalanche education
Location: Plenary
Chair: Stephan Harvey
14:00 Overview of methods for risk assessment
and decision making in avalanche terrain
Practical risk assessment and decision making
in avalanche terrain. An overview of concepts
and tools in Switzerland
Stephan Harvey, Paul Nigg

Handling of avalanche risk for the “Bonaigua”
and “Beret” roads, Aran valley, Spain
Jordi Gavaldà, Ivan Moner
Total safety in mountain passes
Jürg Rocco

Gestion du risque d’avalanche par les français,
professionnels ou amateurs
Alain Duclos

Artificial avalanche release above settlements
Lukas Stoffel, Stefan Margreth

Tools for risk assessment and decision making
in Canada
Chris Stethem

Ten years of experience with the Wyssen
Avalanche Tower
Samuel Wyssen
12:30

Rules, knowledge, distance and intuition – the
development of risk management skills for
decision-making in avalanche situations
Jan Mersch, Wolfgang Behr

Lunch break

15:30

Coffee break
Location: Foyer

16:00 Human factors
How do leadership styles cope with the
impact of human factors in decision making
in risky terrain?
Miriam Förster
Human factors in avalanche accidents:
Evolution and interventions
Ian McCammon
16:45 Panel Discussion
“To go or not to go?“
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13:45–18:00

14:00–17:30

Workshop 2: Artifical avalanche release

Workshop 3: Quantitative stratigraphy

Location: Ski area Jakobshorn
Chair: Lukas Stoffel

Location: Studio
Chair: Martin Schneebeli

13:45

Meeting point: base station of the Jakobshorn
gondola

14:10

Quantitative measurement of microscale, layered, and bulk snow properties
using micro-penetrometry and a physical
interpretation theory
Jerome B. Johnson

14:30

Outline of explosive control measures
Vali Meier

14:55

Artificial avalanche release to protect traffic
routes and trails – case study of the Gonda
avalanche path, Lavin, Switzerland
Jörg Kindschi

14:50

Snow characterization by optical properties
Mathias Alexander Gergely, Martin Schneebeli,
Kurt Roth

15:20

Coffee break

15:30

Control measures at the Jakobshorn winter
sports resort in Davos
Daniel Kistler

Non-destructive quantification of snowpack
properties
Achim Heilig, Hans Peter Marshall, Olaf Eisen,
Martin Schneebeli

15:40

16:00

Coffee break

16:05

Introduction Daisy Bell
Ernesto Bassetti

16:15

16:20

Demonstration Daisy Bell

Open discussion on future developments
in quantitative stratigraphy and needs for
avalanche forecasting and snow science
Martin Schneebeli

17:00

Instrument demonstrations by participants
of the workshop
Martin Schneebeli

Artificial avalanche release methods at the
Jakobshorn ski area
17:25

Return to the base station of the Jakobshorn
gondola
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Wednesday, 30 September 2009

Safety is Freedom
Henry Schniewind

07:00

Speakers Breakfast
Location: Kongress Hotel

Avalanche education as public service
Klaus Kranebitter

Avalanche Forecasting

Improving avalanche decision strategies –
A proposal
Eike Roth

Location: Plenary
Chair: Patrick Nairz
08:30

Simple calculations of avalanche risk for
backcountry skiing
Bruce Jamieson, Jürg Schweizer, Cora Shea

08:50

The seismic detection of avalanches: an
information tool for the avalanche forecaster
Jean-Pierre Navarre, Ekaterina Bourova,
Jacques Roulle, Yannick Deliot

On superiority of simple solutions to complex
problems and other fairy tales
Bob Uttl, Jan Uttl
Pitfalls in the analyses of accident records:
The meaning of missing values
Bob Uttl, Kelly Kisinger
Avaluator’s obvious clues prevention values
are inflated: Evidence from Canadian
avalanche accidents
Bob Uttl, Kelly Kisinger, Mekale Kibreab,
Jan Uttl

09:10

Use of the models Safran-Crocus-Mepra in
operational avalanche forecasting
Cécile Coléou, G. Giraud, Y. Danielou,
J.-L. Dumas, C. Gendre, E. Pougatch

09:30

The 2008–2009 exceptional snowfalls in the
Italian Alps: threshold sum approach and
analysis of the SNOWPACK model stability
indices
Fabiano Monti, Anselmo Cagnati, Mauro Valt

Trend Analysis of Canadian avalanche
accidents: The Avaluator avalanche accident
prevention card has not reduced the number
of accidents
Bob Uttl, Mekale Kibreab, Kelly Kisinger,
Jan Uttl

09:50

AVALUATION: Estimating the economic value
of the avalanche bulletin
Anna Alberini, Andrea Leiter, Christoph
Rheinberger, Chuck McCormick, Andrew
Mizrahi

Coupling snow survey and education in the
Mont Mars Natural Reserve, Aosta Valley
(NW Alps)
Gianluca Filippa, Michele Freppaz,
Davide Viglietti, Pietro De Poi

10:10

Coffee break
Location: Foyer

10:40–12:30
Poster Session 3: Avalanche education,
avalanche rescue, remote sensing, impact
of climate change
Location: Plenary / Foyer
Chair: Chris Stethem
My career as a researcher
Werner Munter
Avalanche hazard and visitor numbers – a
study in Lochaber, Scotland
Graham Moss
Information value of the avalanche bulletin
for snowsports
Chris Semmel, Florian Hellberg, Paul Mair
Intuition, recognition and patterns – decisionmaking by mountain guides in avalanche
situations
Jan Mersch, Anton Kühberger

Apprehension of the avalanche risk and
decision making process in a medium-high
mountain. The case of the Vosges
(France)
Florie Giacona, Brice Martin
Promotion of secure mountain exploration
by the Anna Pasek Foundation
Pawel Chrustek
Importance and effects of avalanches to
mountaineering activities: Alamountains case
study – Turkey
Nehir Varol, Sinan Demir, Mete Erengil, Zafer
Yazıcı, Mehmet Coskun, Ömer Murat Yavas
Iron man, the steel crash test dummy,
measures forces in an avalanche
Michael J. Jenkins, Timothy M. Samaras
1985–2009 twenty-five years of avalanche
accidents in Italy
Mauro Valt, Igor Chiambretti, Renato Zasso
Map localization of avalanche accidents
in France
François Rapin, Frédéric Jarry,
Michael Deschatres
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Avalanche scenario with double burial
Othmar Hauer, Markus Eck, Michael Schober

Satellite observed SCA and gamma distributed
snow in the HBV model
Thomas Skaugen, Frode Randen

Updating and expansion of a field study to
optimize the search strip width of avalanche
beacons
Marcellus Schreilechner, Markus Eck,
Michael Schober

Snow cover monitoring and modeling in the
Alps using multi temporal MODIS data
Philipp Rastner, Luca Irsara, Thomas
Schellenberger, Stefano Della Chiesa,
Giacomo Bertoldi, Stefano Endrizzi, Claudia
Notarnicola, Marc Zebisch

Searching in parallel: Taking advantage of
multiple searchers in a transceiver rescue
Bruce Edgerly, Dieter Stopper,
Franz Hohensinn

Snow simulation and forecasting through all
Norway: the SeNorge model
Stefano Endrizzi, Thomas Skaugen

Remote activation of avalanche survival gear
Julia Schmideder, Peter Aschauer,
Manuel Genswein

Towards a 25 year snow cover time series over
the European Alps derived from NOAA AVHRR
satellite data
Fabia Huesler, Stefan Wunderle

High resolution imaging for environmental
monitoring applications
Matthias Keller, Mustafa Yücel, Jan Beutel

Automated detection and mapping of rough
snow surfaces including avalanche deposits
using airborne optical remote sensing
Yves Bühler, Andreas Hüni, Marc Christen,
Roland Meister, Tobias Kellenberger

The PermaSense remote monitoring
infrastructure
Jan Beutel, Stephan Gruber, Stefanie Gubler,
Andreas Hasler, Matthias Keller, Roman Lim,
Igor Talzi, Lothar Thiele, Christian Tschudin,
Mustafa Yücel

Trends in annual maximum snow water
equivalent in South-Norway (1915-2008)
Heidi Bache Stranden, Thomas Skaugen

Swiss Experiment – Providing diverse snow
research data sets when and where they are
needed
Nick Dawes, Michael Lehning, Mathias Bavay,
Marc Parlange, Karl Aberer

Recent snow cover variations and avalanche
activities in the Southern Alps
Mauro Valt, Daniele Moro, Renato Zasso,
Paola Cianfarra

SensorWebEnablement – Standards and open
source implementations for observation data
Stefanie Andrae, Gerald Gruber,
Andreas Hecke, Alfred Wieser
Measurements of small scale spatial and
temporal variability of snow depth and SWE
in a small mountain catchment
Thomas Grünewald, Michael Schirmer,
Michael Lehning
Snowpack depth modelling and water
availability from LIDAR measurements in
eastern Pyrenees
Ignacio Moreno, Antoni Ruiz, Jordi Marturià,
Pere Oller, Jordi Piña, Carles Garcia,
Pere Martinez, Julià Talaya
Innovative devices for the SWE estimation at
the basin scale: a field study in the Western
Alps
Barbara Frigo, Germain Bal, Ivan Bevilacqua,
Edoardo Cremonese, Paola Dellavedova
and 7 others
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Results of 50 years of climate reanalyses in
the French Pyrenees (1958–2008) using the
SAFRAN and CROCUS models
Malou Maris, Gerald Giraud, Yves Durand,
Jean-Pierre Navarre, Laurent Merindol
12:30

Lunch break
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14:00–17:30

14:00–17:30

Workshop 4: Avalanche forecasting

Workshop 5: Snow as a ressource

Location: Plenary
Chair: Christine Pielmeier

Location: Pischa
Chair: Hansueli Rhyner

Main challenges and problems
in forecasting

14:05

Climate change and snow reliability
Christian Rixen

Main challenges and problems in forecasting
the avalanche danger for the Swiss Alps
Thomas Stucki

14:25

Adaptation strategies in Zermatt
Christen Baumann

14:45

Optimisation of snow production with the use
of continuous snow height measurements
Jean-Christophe Loubier

15:05

SkiSim – A tool to assess the impact of climate
change on ski season length and snowmaking
Robert Steiger

15:30

Coffee break

16:00

Significance of the simplified Rutschblock test
for avalanche warning in Bavaria
Georg Kronthaler

On the salting of the Horstman Glacier in
Whistler, BC and how the salting affects the
meltwater and downstream environment
Nicolas Teichrob

16:20

Relevance of the snow cover stability test ECT
for avalanche forecasting in Switzerland
Kurt Winkler

Snowfarming – preserving snow over the
summer – a worthwhile practice?
Norbert Gruber

16:45 Panel Discussion

Rain-on-snow avalanches: forecasting the
return to stability
Howard B. Conway, Wayne Carran, Ann Carran
Evolving public uses and the general
avalanche forecast
Bob Comey, Chris McCollister
Reaching avalanche-unaware users in Utah,
U.S.A.
Bruce Tremper
Snowpack observations

Key field observations for supplementing and
localizing the avalanche danger rating
Bruce Jamieson
15:30

Coffee break
Future avenues
Interpretation of prevalent avalanche
scenarios on the basis of the anticrack model
Stephan Harvey, Joachim Heierli
Mind or machine? – numerical avalanche
forecasting
Michael Lehning
Avalanche patterns as aid in avalanche
forecasting
Patrick Nairz

16:40 Panel Discussion
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Thursday, 1 October 2009

14:00–18:00
Workshop 6: Avalanche rescue

07:00

Speakers Breakfast
Location: Kongress Hotel

Location: Plenary
14:00 Opening

Avalanche dynamics and hazard mapping
Location: Plenary
Chair: Margherita Maggioni
08:30

08:50

09:10

14:05 Introduction
Chair: Jakob Rhyner

Alpha-Beta model: Can we learn more from
the statistical avalanche model with respect to
the dynamical behavior of avalanches
Peter Gauer, Steinar Bakkehoi, Karstein Lied,
Kalle Kronholm

Update on hypothermia and medical on-site
triage of avalanche victims
Bruno Durrer
Course curriculum for avalanche rescuers
Manuel Genswein

In-situ and photogrammetric measurements
of avalanche crown transects
Edward Hamilton Bair, Karl Birkeland, Jeff
Dozier
Wireless sensors as a tool to explore
avalanche internal dynamics: experiments at
the Weissfluhjoch snow chute
I. Vilajosana, J. Llosa, M. Schaefer, E. Suriñach,
J.M. Marquès, X.Vilajosana

09:30

Wet snow avalanche impact pressures
Betty Sovilla, Martin Kern, Mark Schaer

09:50

Avalanche hazard investigations, zoning, and
ordinances, Utah, Part 3
David A. Scroggin

10:10

Bruno Durrer, Manuel Genswein

Emergency checklists for first responders
Walter Würtl
Avalanche accidents amongst ski patrollers:
outlook and evolution
Jean-Louis Tuaillon
14:55 Triage
Chair: J. Boyd
Medical triage workshop for first responders
Bruno Durrer
15:35

15:55 Probing strategies
Chair: Manuel Genswein

Coffee break

3-hole-step method with alternative
procedures
Albert Lunde

Avalanche protection measures
Location: Plenary
Chair: François Rapin
10:40

11:00

11:20

Actions of snow avalanche on the snow shed
Ying Ma, Emmanuel Thibert, Pascal Perrotin,
Michel Mommessin

11:40

Avalanche forecasting for road construction
sites at 70 degrees north in Norway
Ole-André Helgaas

12:00

Evolution of avalanche risk reduction on the
Alaska Railroad
David Hamre

12:20

Lunch break
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Benefit vs. costs of alignment procedures in
probe lines
Christophe Boloyan

Investigation on the effectiveness of the
catch-fence “Snowcatcher” as avalanche
protection system
Lambert Rammer, Gernot Stelzer, Martin Kern
PROTECT – A Swiss approach to the assessment
of the effectiveness of mitigation measures
Stefan Margreth, Hans Romang

Coffee break

Probing perpendicular to the snow surface –
Considerations about probing strategies
Bruno Jelk
16:50 Risk management
Chair: Hans-Jürg Etter
Making hard decisions in avalanche rescue
Krister Kristensen
Risk assessment for rescue missions
Andres Bardill
Risk management in avalanche rescue
Reto Keller
17:40

Introduction ICAR
Toni Grab, Hans-Jürg Etter, Bruno Jelk, Bruno
Durrer

17:55

Closing remarks
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14:00–17:30
Workshop 7: Avalanche dynamics

Workshop 8: Bauen im Permafrost

Location: Pischa
Chairs: Stefan Margreth, Betty Sovilla

Ort: Studio
Chair: Philipp Teysseire

Introduction Part 1: Current 2D-3D avalanche
dynamics models in Europe
Betty Sovilla

15:30

09:15–16:45

09:15

Begrüssungskaffee

09:45

Avalanche modelling with RAMMS
(Switzerland)
Marc Christen, Julia Kowalski, Perry Bartelt

Begrüssung und Einführung
Rolf Keiser

10:00

Avalanche dynamics simulation with SAMOSAT
Peter Sampl, Matthias Granig

Bauen im Permafrost: ein praxisorientierter
Leitfaden
Christian Bommer, Marcia Phillips

10:40

Naturgefahren im Hochgebirge
Hugo Raetzo

A review of existing 2D-3D snow avalanche
models at Cemagref, France
Mohamed Naaim

11:00

Geotechnische Eigenschaften von
Permafrostböden
Lukas Arenson

Identification of areas potentially affected by
extreme snow avalanche combining expert
rules, flow-routing algorithms and statistical
analysis
Matteo Pagliardi, Massimo Barbolini, Paolo
Corradeghini, Francesco Ferro

11:20

Permafrostkartierung und praktische
Anwendung
Felix Keller

11:40

Permafrosterkundung Messmethoden
Bernhard Krummenacher

Coffee break

12:00

Mittagessen

Introduction Part 2: Practical application of
avalanche dynamics models
Stefan Margreth

13:00

Geologische Herausforderungen im
Gebirgspermafrost, Überwachung
Hans Rudolf Keusen

Findings on the use of RAMMS for avalanche
computing in connection with hazard
mapping in Chile
Lukas Stoffel

13:20

Laboruntersuchungen von Permafrostböden
Sarah Springman

13:40

Permafrost im steilen Fels
Jeannette Nötzli, Andreas Hasler, Stephan
Gruber

14:00

Verankerungsmethoden im Gebirgspermafrost
Hanspeter Bonetti

14:20

Modellieren von Wärmeflüssen zwischen
Bauten und Permafrostböden
Lukas Arenson

14:40

Kaffeepause

15:10

SAC Hütten und Wege im Permafrost
Reto Jenatsch

15:30

Ein bewegliches Bergrestaurant im Permafrost
Markus Walser

15:50

Bergbahnen im Permafrost
Urs Dietrich

16:10

Sanierung Eissporthalle Schluefweg, Kloten
Peter Sturzenegger

Experiences in avalanche assessment with the
powder snow avalanche model SamosAT
Matthias Granig, Peter Sampl, Christian
Tollinger, Philipp Jörg
2D modeling of Icelandic snow avalanches for
hazard zoning
Eirikur Gislason
Using AVAL-1D to simulate avalanches in
eastern Pyrenees
Pere Oller, Marc Janeras, Hèctor de Buén,
Georgina Arnó, Marc Christen, Carles Garcia,
Pere Martínez
Panel discussion with presenters and audience
Betty Sovilla, Stefan Margreth

16:30 Zusammenfassung und Schlusswort
Charly Wuilloud
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Friday, 2 October 2009
07:00

Speakers Breakfast
Location: Kongress Hotel
Decision making and avalanche education
Location: Plenary
Chair: Walter Würtl

08:30

Adolescents’ perceptions of snow avalanches
Armin Rempfler

08:50

The Nivocheck
Werner Munter

09:10

On probabilities of avalanches triggered by
alpine skiers. An empirically driven decision
strategy for backcountry skiers based on
these probabilities
Christian Pfeifer

09:30

Will a guest ever be able to save your live?
Manuel Genswein

09:50

Avalanche survival strategies for different
parts of a flowing avalanche: Practical
experience from a guide’s perspective
Theo Meiners, Karl W. Birkeland, Perry Bartelt

10:10

Coffee break
Location: Foyer
Outlook and future developments
Location: Plenary
Chair: Krister Kristensen

10:40

Assessing the impact of climate change on
snow avalanche activity in France over the
last 60 winters using change point models
Nicolas Eckert, Eric Parent, Mohamed Naaim

11:00

Could retrieval of snow layer formation
by optical satellite remote sensing help
avalanche forecasting? Presentation of first
results
Rune Solberg, Regula Frauenfelder,
Hans Koren, Kalle Kronholm

11:20

Mobile information systems for avalanche
topics
Christoph Suter, Stephan Harvey

11:40

Risk communciation and political decision
making – Management of natural hazards in
the Canton of Grisons
Christian Wilhelm

12:00

Forecasting Challenges in Utah, U.S.A.
Bruce Tremper

12:20 Closing Remarks
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Mitigating the avalanche hazard on the Milford Road, New Zealand
Wayne Carran1, Ann Carran1, Howard B. Conway1,2
1
2

Downer EDI Works Limited, Te Anau, New Zealand
University of Washington, Seattle, U.S.A.

The Milford road follows the bottom of glacially carved valleys; avalanches from both sides affect
the road. There are few places to hide, and the consequences of being caught in the open can be
serious. Most avalanches are direct action. Access to the start zones is not possible during storms and
forecasters rely heavily on road-level observations of avalanche activity, “indicator paths”, freezing
levels, as well as snow and weather information telemetered from a network of stations. These data,
and high-resolution weather forecasts from the meteorological service are critical. Managing the
deeper snowpack is crucial. Local wisdom says “the new snow will give you a fright, giving you a
dusting or perhaps blowing vehicles off the road, but failure at layers deeper in the snowpack
potentially cause large-scale loss of life”. We have found that aggressive control using large charges
detonated with fast boosters is the most effective way to deal with deep instabilities. Explosives are
placed at targeted locations by helicopter during weather windows. Targets vary both spatially and
temporally depending on the storm characteristics. Effectiveness of the control work depends on
knowing when and where to place explosives; all pockets of instability need to be cleaned out before
the next storm cycle. In addition to increasing with avalanche size, the hazard also increases when
vehicles become immobilized; we enforce “no-stopping” areas, and we ensure that all vehicles are
carrying chains. We strive for a snow-free road policy because the potential for traffic problems
increases significantly with snow or ice on the road. However, it can be a challenge to manage a
snow-free road policy during fast moving storms with rapidly changing freezing levels. Essential to the
success program is trust, teamwork and communication between avalanche and met-service
technicians, road crew, helicopter operators, police, managers and road users.
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“The White Death” in Quebec since 1825: from awareness of the problem to risk
management
Dominic Boucher1, Bernard Hétu2
1
2

Centre d’avalanche de la Haute-Gaspésie, Canada
Université du Québec à Rimouski, Canada

In Quebec, avalanches affect recreational activities, roadways and homes in almost every region of the
province. Since 1825, the number of deaths is provisionally estimated at more than 70, of which almost
30 have occurred over the past forty years. These figures put avalanches in second place amongst
the most deadly of natural hazards, behind rock falls and landslides. The creation of an avalanche
expertise centre in Quebec became necessary after the many incidents that occurred in the Chic-Chocs
Mountains during the 1980–1990 period, and especially after the accidents in Blanc-Sablon in 1995
(2 deaths) and Kangiqsualujjuaq in 1999 (9 people died and 25 were injured). It was these catastrophes
that prompted the authorities to take action. The aim of the Gaspé Avalanche Centre is to improve
avalanche security in Quebec. Its activities and services include public awareness, professional training,
avalanche forecasting in the Chic-Chocs Mountains and support for research and development. We
shall first show the results of a historical survey (72 deaths since 1825) which will allow for a better
understanding of avalanches in Quebec. Then, we shall present the activities and services of the Gaspé
Avalanche Centre, which seeks to reduce risk appropriately and effectively and thus to save lives.

La ‘mort blanche’ au Québec depuis 1825 : de la prise de conscience du problème
à la gestion du risque
Au Québec, les avalanches de neige affectent les activités récréatives, les routes et les habitations dans
presque toutes les régions de la province. Depuis 1825, le bilan provisoire s’élève à plus de 70 morts
dont près d’une trentaine au cours des 40 dernières années. Ces chiffres placent les avalanches
de neige au second rang des risques naturels les plus meurtriers derrière les éboulements et les
glissements de terrain. L’idée d’un centre d’expertise sur les avalanches de neige au Québec s’est
imposée après les nombreux incidents qui s’étaient produits dans les monts Chic-Chocs au cours des
années 1980 et 1990 et, surtout, après les accidents de Blanc-Sablon en 1995 (2 morts) et celui de
Kangiqsualujjuaq en 1999 (9 morts, 25 blessés) qui ont agit comme élément déclencheur auprès des
décideurs. L’objectif du Centre d’avalanche de la Haute-Gaspésie vise à améliorer la sécurité en
avalanche au Québec. Ses activités et services incluent la sensibilisation du public, la formation professionnelle, la prévision dans les monts Chic-Chocs et le support au développement et à la recherche dans
le domaine. Après avoir exposé les résultats d’une enquête historique (72 décès depuis 1825) qui
permet de mieux comprendre la problématique des avalanches de neige au Québec, nous présenterons
les activités et les services du Centre d’avalanche de la Haute-Gaspésie qui constituent une solution
adéquate et efficace pour réduire les risques et ainsi sauver des vies.
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The challenges for Scottish avalanche forecasters observing a maritime snowpack
Mark John Diggins
SportScotland Avalanche Information Service, U.K.
Avalanche Forecasting in the Highlands of Scotland presents many challenges for the SportScotland
Avalanche Information Service forecast team, the maritime climate and latitude of the operational
areas ensure that the weather patterns are complex and often severe, the snowpack is varied and the
stability changes rapid. Additionally, the user groups commonly carry out their mountain activities in
poor weather conditions, a factor influencing the SAIS operational methods. In this paper we will
describe the geography, landscape and reason for the location of the five SAIS observation areas and
present an impression of the working conditions and method in an environment and weather system
that can produce winds of 176 mph (283 km/h) and frequently 40–70 mph (65–115 km/h) and consider
the characteristics of the Scottish snowpack. We will present the avalanche occurrences observed in the
5 areas for the winter 2008–2009 relating the findings to weather conditions at the time and the
stated avalanche hazard, establishing that the avalanche occurrences occurred predominantly during
the snow storm-cycles. Unlike in Alpine countries the mountain user groups who carry out walking and
climbing excursions in the Scottish Highlands are mainly on foot, with very small numbers on ski.
Their general behaviour and objectives are influenced by the scarcity of good climbing and stable
weather conditions. Therefore it is common practice to carry out activities in poor weather and during
considerable hazard conditions. In this regard we will look at data from the winter of 2008–2009 to
identify if indeed, avalanche incidents involving people, occurred during periods of considerable
hazard and poor weather.
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The avalanche events of December 2008 in Ceresole Reale (Piedmont Western Italian Alps)
Margherita Maggioni1, Angelo Caimi1, Danilo Godone2, Michele Freppaz1, Andrea Bertea3,
Marco Cordola3, Maria C. Prola3, Valerio Bertoglio4
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Di.Va.P.R.A., Università di Torino, Italy
D.E.I.A.F.A., Università di Torino, Italy
ARPA Piemonte, Area Previsione e Monitoraggio Ambientale, Italy
Ente Parco Nazionale Gran Paradiso, Italy

December 2008 was characterized by intense precipitations, in particular in the middle of the month
(14th–17th) throughout all the Western Alps. Numerous avalanches occurred causing damages to villages
and viability. In this work we describe the meteorological situation and the intense avalanche activity
that affected the area around Ceresole Reale, a small village at 1570 m a.s.l. in the high Orco
Valley in Piedmont Region. On 17th December the snow height at the village was 250 cm, the
maximum value registered in December, referring to a eighty years long snow data set. In the period
between the 15th and the 16th of December many avalanches occurred. Some of them have been
classified as extreme avalanches and flowed in areas where no avalanches were reported in the past,
overcrossing the limits of the official avalanche map. In particular, 4 simultaneous avalanches released
from Monte Cialme and destroyed 6 houses and 12 ha of forest. The deposit and damages analysis has
shown that the avalanches presented both a dense and a powder part. We estimated that a volume of
snow equal to 100,000 m3 released from 2450 m a.s.l. and flowed into the lake at 1580 m a.s.l. A rough
estimation of the pressure of the avalanches has been done studying the damages caused to forest and
buildings.
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Experiences arising from the Belalp avalanche in the canton of Valais, Switzerland
Peter Schwitter1, Lukas Stoffel2
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Lawinenwarndienst Naters, Switzerland
WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland

On 22 February 1999 a huge avalanche was released below the peak of the Belalp above the village of
Blatten. Fifteen buildings were completely destroyed and a further 24 damaged, and the main
road was buried underneath up to 14 m of snow over a distance of 750 m. Thanks to a prompt and
large-scale evacuation, no injuries or deaths occurred. What action has been taken since to alleviate
the threat posed by similar avalanches? First of all, the avalanche hazard map was revised, and in small
areas within the starting zone snow nets and supporting structures were constructed, including a
structure to control wind-deposited snow. Since 2002, avalanches have been triggered artificially by
charges dropped from helicopters. Plans are being made to install Gasex avalanche control systems.
We will examine organisational aspects of the local avalanche warning service, the experiences of the
10 years following the Belalp avalanche, and the forenamed defence measures.

Erfahrungen mit der Gratlawine bei Blatten, Kt. Wallis, Schweiz
Am 22. Februar 1999 ging die Gratlawine bei Blatten in sehr grossem Ausmass nieder. 15 Gebäude
wurden total zerstört, 24 Gebäude beschädigt und die Kantonsstrasse wurde auf einer Länge von
750 m bis zu 14 m hoch verschüttet. Personen kamen dank rechtzeitiger, grossräumiger Evakuierungen
glücklicherweise keine zu Schaden. Was wurde seither unternommen, um die Situation mit der
Gratlawine zu verbessern? Als erstes wurde die Gefahrenkarte überarbeitet und im Anrissgebiet
wurden kleine Flächen mittels Schneenetzen und Stützwerken inkl. einem Verwehungsverbau verbaut.
Seit 2002 werden Lawinen mittels Helikoptersprengungen künstlich ausgelöst. Die Verwendung von
Gasex-Anlagen ist in Planung. Es wird auf organisatorische Aspekte des lokalen Lawinendienstes und
auf die 10-jährige Erfahrung mit der Gratlawine und den erwähnten Schutzmassnahmen eingegangen.
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Faceted melt forms, a deadly and unpredictable weak layer
Bill Glude
Alaska Avalanche Specialists, U.S.A.
This is a preliminary report on a particularly persistent and difficult-to-predict weak layer we
commonly find in Alaska and the Japanese Alps. It is probably much more widespread but is for the
most part not described in the literature and thus is generally unrecognized. For this report, we have
collected our observations of the conditions under which it forms, its recognition and interpretation,
and the case histories of avalanche cycles we have seen that were caused by it in an effort to spur
further research and sharing of information.
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Temperature gradient metamorphism is not a classical coarsening process
Bernd Pinzer, Martin Schneebeli
WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
The current understanding of snow metamorphism distinguishes two classes: equi-temperature metamorphism and temperature gradient metamorphism. The former is an example of a coarsening process
similar to Ostwald ripening, i.e. larger particles grow at the expense of smaller particles. Observations
of temperature gradient metamorphism in the field and in the laboratory suggested a similar picture
for this process. However, we showed that water vapor transfer in snow under a temperature gradient
is so large that the entire ice skeleton is renewed within a few days. This means that a “particle” of ice
which is usually used to classify snow in the field is completely dissolved after a few days. The concept
of growing and shrinking particles does not hold under these circumstances. Instead, the structure
must be considered a very dynamic population, where new ice mass “is born” and “dies” continuously.
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In-situ measurements and temporal evolution of the thermal conductivity profile
of an alpine snowpack
Samuel Morin1,2, Florent Domine1, Laurent Arnaud1, Ghislain Picard1, Hans-Werner Jacobi1,
Jean-Marie Willemet2
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CEN, CNRM/GAME, Météo-France, CNRS, St Martin d’Hères, France

The thermal conductivity of snow is an important variable of the alpine snowpack. It determines the
rate of heat transfer at the Earth surface in snow covered regions, and its vertical profile governs
temperature gradients which in turn drive snow metamorphism and the modification of snowpack
structure and properties. There is therefore a feedback loop between snow thermal conductivity and
metamorphism. We report on a 3-months long time series of in-situ measurements of the thermal
conductivity of snow at 6 fixed heights in an alpine snowpack in the Mont-Blanc mountain range,
France, at an altitude of 2400 m. Automatic measurements were carried out every two days using the
heated-needle technique. Measurements were checked individually to assess the quality of the dataset
and to ensure that the observed trends are not biased by the analytical technique. The snowpack
height reached 2 m. Results show consistent patterns of thermal conductivity increase throughout the
measurements campaign. The temporal rate of increase is however found to be variable and depends
on the microstructural properties of the snow layers sampled. A case where the thermal conductivity
temporarily decreased over time at the base of the snowpack is also documented. Field results are
compared with the output of the snowpack model CROCUS, which uses a parameterized thermal
conductivity/density relationship. The discrepancy between predicted and measured thermal conductivity values is quantitatively informative in terms of the modeling of densification and the
evolution of snow microstructure throughout the winter season under alpine settings. The use of
thermal conductivity as a diagnostic variable for snow metamorphism studies and modeling will be
discussed.
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Numerical investigation of factors causing near-surface metamorphism
Andrew E. Slaughter, Edward E. Adams
Montana State University, Bozeman MT, U.S.A.
Buried layers of surface hoar or near-surface facets within the snowpack are well known to be the
culprit in a majority of avalanches. Near-surface metamorphism has been the topic of a multitude of
field, laboratory, and analytical investigations. Analytically, a variety of models are capable of
reasonably modeling temperature in the snowpack. Using a computationally efficient 1-D thermal
model, two variance-based methods of sensitivity analysis, SOBOL and FAST, were implemented to
exploit modern computational resources. To the authors’ knowledge, this has yet to be done for
specific metamorphic processes. Each method is based on Monte Carlo simulations of environmental
conditions and snow properties. The resulting sensitivity indices quantify the relative importance of
each input as well as the importance of the interaction between inputs. The sensitivity results for
radiation-recrystallization confirm the conceptual understanding of the process indicating that longand short-wave radiation, as well as the interaction between the two, is the most influential. Surface
hoar was heavily dependent on long-wave radiation, wind speed, and humidity but revealed little
interaction between these terms. Finally, the environmental as well as snow characteristics conducive
to radiation-recrystallization and surface hoar are quantified statistically. A set of probability
distributions is presented for the various governing factors allowing for an optimum scenario to be
established. The numerically determined optimum conditions compared well with recorded field and
laboratory data of near-surface metamorphism. In closing, the research presented here is intended to
be a tool among many for assessing near-surface metamorphism as well as designing additional
experimentation.
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Measurements of weak snowpack layer friction
Alec van Herwijnen1, Joachim Heierli2
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WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
Centre of Materials Science and Engineering, University of Edinburgh, U.K.

An essential stage in the release of an avalanche is the propagation of a fracture through a weak
snowpack layer. As the fracture propagates, the slab looses its support and comes into contact with the
bed surface. In the area of contact, the sliding motion of the slab is constrained by frictional forces.
This particular friction process has received little experimental attention until today. Studies on sliding
friction have mainly been performed on snow samples composed of small rounded grains in direct
contact. In the present study we determine the friction coefficient of weak layers by analysing video
records of snow samples sliding down-slope after a weak layer had fractured. The slab and the bedsurface are then in indirect contact as the interface consists of the collapsed weak layer. The experiments
were carried out in the mountains of British Columbia, Canada, and in the mountains around Davos,
Switzerland , between 2002 and 2009. Assuming Coulomb-type friction the initial acceleration of the
snow sample is used to determine the friction coefficients. The measurements show an initial friction
coefficient on the order of 0.6 and the tendency to decrease thereafter. This is accompanied by the
gradual erosion of the interface between the slab and the bedsurface.
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Modeling variation of surface hoar and radiation recrystallization across a slope
Edward E. Adams1, L. Mc Kittrick1, A. Slaughter1, P. Staron1, R. Stertzer1, D. Miller1, T. Leonard2,
D. McCabe2, I. Henninger2, D. Catharine2, M. Copperstein2, K. Laveck2
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Montana State University, Bozeman MT, U.S.A.
Yellostone Club Ski Patrol, Big Sky, MT, U.S.A.

Faceted ice crystals (plane faced grains) are frequently observed in investigations of slab snow avalanches. Morphologies of this sort can develop while near the snow surface. Then, when subsequently
buried, may form a weak interface layer leading to an avalanche. For this reason, Researchers at
Montana State University in collaboration with snow safety personnel from the Yellowstone Club Ski
Patrol have been investigating environmental conditions associated with near surface metamorphism.
Two meteorological stations were used to correlate conditions with daily observations of grain
structure at the snow surface. The field sites, one with a northern the other with a southern exposure,
are meadows of 30° slope surrounded by trees and rock. In addition, radiation recrystallization and surface hoar morphologies have been replicated in the laboratory by simulating natural conditions. An
energy balance model was used to estimate variations in near surface temperature conditions. LIDAR
data is used to produce digital elevation maps at a one meter spatial scale. The model accounts for
thermal properties of the vegetation and rock outcropping as well as snow, sun position, shadowing
and surface to surface or surface with sky radiation. The modeling emphasis presented is on days when
radiation recrystallization and surface hoar were observed. Based on field and laboratory results
metamorphic development is assumed to be driven by the magnitude of the near surface temperature
gradient in the case of radiation recrystallization and mass deposition for that of surface hoar.
Calculation of these indicators reveals a spatial variation in the metamorphism across the slopes.
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Tracking changes in buried melt freeze crusts
Michael A. Smith1, Bruce Jamieson1,2
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Dept. of Civil Engineering, University of Calgary, Canada
Dept. of Geoscience, University of Calgary, Canada

Melt freeze crusts are a frequent occurrence in the mid-latitudes, often forming due to rain or wet
snow in the fall. Once buried, such crusts are frequently found with facets at their boundaries, and in
many instances crusts have been found at the bed surface of deep slab avalanches. Although faceting
and weakening at the boundaries and in the interior of crusts under low temperature gradients has
been documented, few long term systematic observations exist. This omission is potentially important,
as an understanding of these processes may improve forecasting for deep crusts that are not easily
observed. For the past two winter seasons, the University of Calgary Avalanche Snow and Avalanche
Research group (ASARC) has monitored naturally-occurring crusts in the Columbia Mountains of
Western Canada. Mid-winter snow depths of 3m are common in this region, making it an ideal location
for long-term observations of natural crusts under low temperature gradients. Properties such as grain
form and size, density, temperature and hardness were monitored on a weekly basis. During the
winter of 2008, progressive weakening of bonds was observed in the interior of a crust despite the
vertical temperature gradient never exceeding 5.5°C/m. Failures and propagation during snowpack
tests transitioned from the crust top to the interior over the same time period. Starting in the 2008–09
field season, the specific surface area (SSA) of three crusts was measured weekly using near infrared
digital photography, resulting in 23 observations over two months. These observations include
the transition to near-isothermal snow, where significant structural changes were observed as temperatures approached 0°C. This paper details these and other results and relates them to past reports
from practitioners.
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Numerical modeling of liquid water movement in snow cover
Hiroyuki Hirashima, Satoru Yamaguchi, Atsushi Sato
National Research Institute for Earth Science and Disaster Prevention, Japan
Liquid water movement in snow cover is an important aspect of wet-snow metamorphism, and
understanding it is vital in forecasting wet-snow avalanches. Despite its importance, it has been oversimplified in the numerical snowpack model, and the reproducibility of the water content profile has
been rather poor. In general, estimations of liquid water flux in porous material are based on hydraulic
conductivity and capillary force. The saturated hydraulic conductivity in snow was formulated by
Shimizu (1970), and the unsaturated hydraulic conductivity and capillary force were measured and
parameterized by Sugie and Naruse (2000) and Yamaguchi and Sato (2007). Using these parameterizations, we developed a new model that, given the initial parameters of water content, grain size,
and snow density, and the boundary condition of water supply, can simulate water movement in an
unsaturated condition. Using this model, we conducted a simulation of water movement at the
boundary between layers of fine rounded grains and coarse rounded grains. A water-saturated layer
formed at the boundary between the fine rounded grains and the underlying coarse rounded grains.
The layer did not form under adverse layering conditions. The results suggested that we could well
simulate water movement in snow cover using this model. However, the present version of this model
is restricted to several specific snow conditions. Therefore, we are trying to create a general formula
that describes hydraulic conductivity and capillary force as functions of snow density and grain size.
Our goal is to incorporate this model into the larger numerical snowpack model and thereby improve
simulations of wet-snow metamorphism and the forecasting of wet-snow avalanches.
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Understanding snow transport processes shaping the mountain snow cover
Rebecca Mott, Michael Schirmer, Thomas Grünewald, Michael Lehning
WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
In alpine terrain the snow cover is inhomogeneously distributed as a result of wind and precipitation
interacting with the snow cover at various scales. This inhomogeneous snow distribution is one of
the main factors when estimating avalanche danger in mountainous terrain and leads to large
uncertainties in estimating snow water storage. The aim of this study is to achieve a better understanding of snow deposition and drifting and blowing snow at different scales, analyzing major drift
events of an accumulation period. We want to examine features at the ridge scale as well as on smaller
scales, in particular we investigate two huge cross-slope accumulation zones. We expect the mean local
flow patterns to give us insight into the formation of locally predominant deposition due to snow drift
as well as ridge scale deposition which is mainly driven by preferential deposition of precipitation.
Wind fields were computed with the atmospheric model Advanced Regional Prediction System (ARPS).
The applied numerical grids have high horizontal resolutions of 5 m and less. Calculated wind fields
were used as input for a model of surface processes in alpine terrain (ALPINE3D) in order to quantify
preferential deposition and redistribution of snow via saltation and suspension. We used a unique data
set consisting of a high density network of automatic weather stations and Terrestrial Laser Scanning
measurements of snow depth to validate model results. The snow distributions were measured in a
high spatial resolution at the end of the accumulation season 2007/2008 and before and after major
snow drift events during the season 2008/2009. The results show that the observed snow deposition
patterns have their correspondence in the mean flow field computed for those small scales. A
semi-quantitative reconstruction of the snow deposition is possible at those scales, despite the oversimplification inherent in mean flow and snow transport simulations.
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Temporal changes in slope-scale spatial variability: Implications for avalanche forecasting
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Understanding slope-scale spatial variability is critically important for avalanche forecasting, since
knowing patterns of snowpack characteristics is necessary for figuring out the optimal location for
stability tests or for placing explosives. Many studies over the past 25 years have addressed the wide
variations observed in the mountain snowpack. However, less research exists on how such patterns
might evolve or change through time. This research investigates temporal changes in spatial variability
on a slope in Montana, U.S.A., within a forest opening. After identifying trends across and up the
slope, we extensively sampled adjacent plots at approximately one week intervals using both shear
frames (approximately 70 tests per day) and the SnowMicroPen (greater than 150 profiles per day).
Results show that spatial variability of stability (measured with a shear frame) and weak layer microstrength (measured with the SMP) increased through time until a loading event on the slope decreased
the spatial variability. Our results quantitatively demonstrate why avalanche forecasting is easier when
the snowpack is unstable, but then becomes more difficult as slopes stabilize and stability test results
become more variable.
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The avalanche cycle of December 2008 in the eastern part of the southern French Alps:
cross comparison of meteorological and avalanche data
Cécile Coléou1, Nicolas Eckert2, Michael Deschatres2
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In December 2008, abundant snowfalls have occurred in the eastern part of the Southern French Alps
and close to the Italian border during a meteorological event known as “Retour d’Est”. The important
accumulation of new snow, with local increase of drifting snow, favoured the release of dry snow
avalanches and the development of powder clouds. Some of the events have shown very long runouts
and have exceeded the historical limits registered in the French CLPA avalanche map. Whereas it is easy
to evaluate the magnitude of punctual events on given paths, quantifying the magnitude of avalanche
cycles that affect a mountain range during several days implies finding right spatial and temporal
scales. For the studied cycle, data from various sources have been collected and analysed. The French
avalanche chronicle EPA gave information about all the events that occurred on selected paths. Avalanche that exceeded their historical limits recorded in the CLPA have been counted. They have been
documented using local information sometimes provided by the newspapers. Meteorological measurements from automatic stations and from the nivo-meteorological network have been used to detail
the successive snow precipitations. This data has been supplemented by results from numerical modelling of the snow cover that are used for assessing snow stability at the massif scale.
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Aosta Valley – (North-West Italy) December 2008 under the banner of avalanches
Valerio Segor
Ufficio neve e valanghe Valle d’Aosta – AINEVA, Italia
The winter of 2008–2009 was marked in the entire Alpine range by numerous, abundant snowfalls. In
particular, the Aosta Valley was affected by heavy snowfalls between 14 and 17 December 2008 and
these can be considered ‘exceptional’ as regards the quantity (150–200 cm of fresh snow in three days)
and the intensity (peaks of 6 to 10 cm per hour). This event was followed by a high increase in temperature on 20 to 23 December (0°C at 3000–3200 m a.s.l.). At this time, the highest degree of avalanche
danger 5-very high was reached. The consequences to the territory were felt with large-size avalanches, which caused serious damage: structural damage to buildings, many interrupted roads, disrupted
electric and phone connections, damage to the woods. In relation to this event 420 natural releases
were surveyed; 20 % of them were attributed to phenomena that had never been previously assessed.
Some of these involved areas that, in living memory, had been considered exempt from this type of
problem, awakening the perception that avalanches can condition everyday life, even this day and
age. Whereas in the old days, mountain villages could be cut off during the winter, nowadays it is
necessary to maintain efficient road conditions with the main built-up areas. This includes drawing up
contingency plans to deal with the emergency by local risk assessment and by procedures to protect
communication lines. During this winter season, it was necessary to intervene directly on the avalanches body building up a new shape in order to channel further avalanches.
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Major avalanches in Eastern Pyrenees and North Atlantic Oscillation
Carles García1, Juan Carlos Peña2, Glòria Martí1, Pere Oller1, Pere Martínez1
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The number of major avalanche episodes registered in Eastern Pyrenees (north-east of the Iberian
Peninsula) is correlated to the North Atlantic Oscillation (NAO). The NAO is one of the most important
and recurrent patterns of atmospheric circulation variability in the Northern Hemisphere and affects
the behavior of surface temperatures and precipitation in Western Europe. The link between NAO and
major avalanches activity is done by applying the cumulative NAO index proposed by Keylock (2003).
The link among avalanche activity and fluctuation of NAO index exists in Iceland, but is not detected in
the French Alps. This study supposes an essay about what happens in areas further from the centres of
the dipole of NAO. Results show a negative correlation between major avalanches activity in Eastern
Pyrenees and NAO index; it is even higher respect to the cumulative NAO index. The cumulative index
NAO reflects the cumulative effect of snow accumulation in the starting zones as precipitation is
affected by the fluctuation of NAO. Consequently, the sign of the correlation is negative since it has
been demonstrated that increase of precipitation in Eastern Pyrenees is linked to negative values of
NAO index. Nevertheless, results from the different nivoclimatic regions in Eastern Pyrenees suggest a
different response of avalanche activity respect to NAO, confirming Pyrenees as a complex nivoclimatic
boundary. Finally, the time evolution of the major avalanche events for this index has been analyzed to
observe possible tendencies, also taking into account the future NAO evolution suggested by some
global warming scenarios.

46

International Snow Science Workshop, Davos 2009, Abstracts

P 105
Snow avalanches potential and management of Romanian Carpathians. Case study-Bâlea
glacial valley (Fǎgǎraş massif)-Southern Carpathians
Voiculescu Mircea
West University of Timisoara, Romania
This study focuses on Bâlea glacial valley-Fǎgǎras¸ massif, a representative glacial mountain units in the
eastern part of Southern Carpathians. The Fǎgǎras¸ massif has of approximately 1500 km2 and is a like a
huge ridge (80 km long) with an east-west orientation and is distinguished by its massivity and the
highest altitudes: Moldoveanu 2544 m and Negoiu 2535 m. They also show the most important inherited glacial relief and present-day periglacial processes. Snow avalanche potential based first, on the
analysis of the terrain factors: elevation, declivity and aspect, using the GIS Softwares and the topographical maps, the satellite images and as the direct observations on field and the informations of
members of Mountaineers Rescuers and secondly, on the analysis of the climatic variables: solar radiation, temperature, snowfall quantities, days with snow, type of snow, months with a snow layer,
thickness of snow layer and wind. Snow avalanches management presents some classical forms as
snowpack support structures and drainage systems, snow shed and deflecting dikes. Another important form of snow avalanche management in Fǎgǎras¸ massif was in 2003 when the Programme of
nivometeorology was set within the National Administration of Meteorology R.A. in partnership with
Météo France, Centre d’Études de la Neige-Grenoble with a work laboratory at Bâlea Lake, at 2070 m.
The purpose is to study snow conditions, monitors the frequency of snow avalanches as well as avalanche triggering conditions. It is an important issue as Romania has joined European Union countries
in both monitoring and snow avalanche hazard prevention. After the European snow avalanche risk
scale was launched in 1993-1994, Romania adopted it due to the need for unique snow avalanche
prevention criteria. A good deal of the area in the Romanian Carpathians, are areas exposed to avalanches. They are recorded in the European Spatial Planning Observation Network (ESPON).
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Avalanches and snow mobile traffic around Longyearbyen, Svalbard
Markus Eckerstorfer, Hanne H. Christiansen, Ullrich Neumann
University Centre in Svalbard, Longyearbyen, Norway
Systematic snow avalanche observations, in the Norklima CRYOSLOPE Svalbard research project 2007–
2009, represent the first comprehensive study of snow avalanches in a high arctic maritime landscape.
The main focus is on snow avalanche types, their spatial distribution, chronological occurrence in the
snow season, frequency and associated meteorological and snow pack conditions. Snow avalanches as
a natural hazard have been familiar to inhabitants of the Alps and Scandinavia for centuries, while it is
a more recent experience in high arctic Svalbard, where less people traditionally used the terrain.
As a result of increasing population, snow mobile transportation has increased. This activity takes place
in a high relief landscape affected by snow avalanches. In addition, this development occurs when
global climate models project future substantial increases in temperature and precipitation especially
in the Arctic. Therefore, improved knowledge on the effect of climatic changes on snow avalanches is
increasingly important in the European part of the Arctic. This paper presents the methods used to
collect observations on snow avalanches, the snow pack and meteorological data in the 70 km most
used snow mobile tracks in Svalbard, to identify the main snow avalanche controlling factors. We also
have measured the amount of traffic along the main snow mobile tracks in our snow avalanche
affected study area, for evaluation of the size of risk in high risk periods. Finally, we exemplify the high
arctic maritime snow climate as an additional type of snow climate, and emphasize its characteristic
meteorological, topographical and snowpack factors.
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Avalanches in the Sibillini Mounts (Marche, Italy)
Alessandro Fabbrizio, Giuliano Mainini
Macerata, Italy
Generally we are capacities to think that the avalanche is an event that happens in high mountain or
inhabited centers near alpine zones in concomitance of exceptional snow falls. Hard work to believe
that also the Appennine zones, in particular the Sibillini Mounts can be interested from destructive and
sometimes tragic events. Animated from the great passion for going in mountain and for the study of
the snow and avalanches we present a chronological history with also technical considerations on
avalanches of the Sibillini Mounts of which news is had. The scope of this job is to show that also little
ones mountain groups reserve surprises such to make to remain astonished also mountain people
accustomed to see most very wide scenes. Since many of catastrophic avalanches have interested ways
of communication and inhabited centers and also ski resorts, we hope that this communication
is taken like an invitation to take the due countermeasures regarding these events from the local
administrators and managers. We have developed four sections: (1) Catastrophic avalanches on
inhabited centers and road, (2) Spontaneous Avalanches that interest alpine and ski touring routes, (3)
Avalanches provoked from visitors, and (4) Avalanches on ski resorts.
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Visualization of three-dimensional snow: how to use it in snow education
Martin Heggli, Matthias Jaggi, Bernd Pinzer, Stephen Steiner, Thiemo Theile, Martin Schneebeli
WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
Traditionally, the shape of snow crystals is studied on a snow tray. Therefore, snow is implicitly
considered as a material composed of individual grains. However, doing this, the structural information
is lost, comparable to trying to understand the significance of structure from a pile of rubble. Most
mechanical and physical properties of the snow can only be explained by considering the threedimensional (3D) architecture of the snow microstructure. We give an overview of the methods used to
visualize this 3D structure of the snow, which can be easily used in a class room, as anaglyph images
and animations. We will present and explain images of the major snow classes and several interfaces
and weak layers. We also give an overview of current techniques which can be used to collect samples
in the field and how they can be processed later using high-resolution micro-tomography. The imaging
of layers at the scale of a few centimetres is now possible with the newly developed replica technique
and fast computers. This makes the technique available to image layer transitions, as they often occur
in weak layers.

50

International Snow Science Workshop, Davos 2009, Abstracts

P 110
Polar snow and firn – Examples from a natural long-term “experiment”
Maria W. Hörhold, Johannes Freitag, Sepp Kipfstuhl
Alfred Wegener Institute for Polar and Marine Research, Germany
Polar snow and firn represents the result of snow metamorphism at very long time scales of many tens
of years and in a broad variability of climate conditions. At polar ice sheets the diverse snow types of
firn layers and the long term behavior of their microstructure and density with depth and at different
sites can be studied. We present microstructure properties of polar snow and firn obtained by X-Ray
Micro-Computer-Tomography from various sites in Greenland and Antarctica with different annual
mean temperatures and accumulation rates. We will show and discuss the evolution of threedimensional microstructural features such as coordination number, shape factor or specific surface area
with depth and time at the different sites. In order to parameterize the evolution of microstructure
with time we map out universal characteristics and regional distinctions of the polar snow- and firn
microstructure.
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Controlling crystal habit in a small scale snowmaker
Josephine A. Bones, Edward E. Adams
Department of Civil Engineering, Montana State University, Bozeman MT, U.S.A.
The crystal habit, plates or columns, for snow crystals formed in the atmosphere is primarily controlled
by the temperature at which growth occurs. The secondary feature of the crystal, plates versus dendrites and columns versus needles, depends on the degree of supersaturation of the air. By controlling
these two parameters, crystal habit was influenced in a Subzero Science and Engineering Research
Facility by following the general methodology established by Nakamura in 1978 in Japan. This protocol
has been utilized by the WSL Institute for Snow and Avalanche Research SLF. For this project room
temperature for crystal growth was controlled via the environmental simulator. A vapor source for the
air above was created by heating a pan of water creating a humidifier. Water vapor was transported
low velocity cross-flow fans into a chimney where hemp strings served as nuclei for crystal growth.
Room temperatures were chosen following crystal habit categories coinciding with previous research.
Many trials resulted in rime or a mixture of rime and other crystal habits. When the crystals were not
rime, the habit coincided with the expected habit based on the temperature of growth. Plates,
dendrites, columns and needles all were successfully created. The occurrence of rime appeared to be
dependent on the rate of humidification and the transport wind velocity. Further research shall
address the occurrence of rime in an attempt to produce more distinct crystals. The current research
demonstrates the potential for a low-cost, small scale snowmaking system allowing some control of
the crystal habit.
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Laboratory simulations of surface hoar events in southwest Montana
Richard H. Shertzer, Patrick J. Staron, Edward E. Adams
Montana State University, Bozeman MT, U.S.A.
As part of an ongoing collaboration between Montana State University researchers and the Yellowstone Club ski patrol, environmental conditions resulting in the formation of surface hoar were
recorded at weather stations and applied in the laboratory to produce similar crystal growth. Previous
efforts to generate surface hoar in a laboratory condensed water vapor onto snow that was cooled
from beneath by a refrigerated plate. For the experiments discussed herein, this cooling effect was
achieved by a longwave radiation exchange between a temperature-controlled ceiling and the snow
surface, more closely emulating nature. Other controlled environmental conditions included relative
humidity, air temperature, and wind speed. Water vapor was supplied to the snow surface by a
humidifier adjacent to the sample. Surface hoar was successfully grown with relative humidity near
80 %, incoming longwave radiation of 200 W/m2, and air and snow surface temperatures of
approximately –10 °C and –20 °C, respectively. The initial rounded snow and the resulting surface hoar
crystals were imaged in situ with a hyperspectral camera, yielding reflectivity data for the different
samples. The images were examined spatially using fast Fourier transforms and by statistical methods.
Initial results indicate discernible patterns in the crystal deposition and a statistically significant change
in the reflectivity. The successful formation of surface hoar in a controlled environment provides
opportunities for future study of thermal characteristics, strength, and micro-structure. The ability to
predict and detect surface hoar formation will aid avalanche forecasters in their decision making and
mitigation efforts.
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Observations of two seasons of sintering in a mountain snowpack
Edward H. Bair1, Jeff Dozier1, Robert E. Davis2, Thomas U. Kaempfer2, Michael T. Colee1,
Randall Mielke1, Jane Blackford3
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Univeristy of California - Santa Barbara, Donald Bren School of Environmental Science and
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University of Edinburgh, School of Engineering and Electronics and Centre for Materials Science
and Engineering, Edinburgh, U.K.

A number of advances have been made recently in refining sintering theory in snow. To add to this
active area of research, we present results from a two-year study. The study tracks multiple layers,
starting at a variety of initial conditions and subjected to different temperature gradients, from
deposition to melt at two different sites on Mammoth Mountain, California. We examine samples with
optical microscopy under cross-polarized light, with low temperature scanning electron microscopy,
and with an x-ray spectrometer. Between collection and microscopic observation, we transport and
store samples at cryogenic temperatures to minimize changes. Based on temperature gradients, we
separate our observations into kinetic and isothermal regimes. Under kinetic conditions, we find rapid
growth in neck ratios during the first three days. This is correlated with the magnitude and direction of
the vapor pressure gradient. Under isothermal conditions, we find larger neck ratios and slower
sintering rates. Densification occurs under both regimes, but at different rates. Due to strong temperature gradients which exist at the surface, we cannot apply classic sintering models to new snow, but we
can still examine changes in bonding. We examine soluble impurities and their implications for liquidphase sintering in “dry” snow. We compare spatial distributions of impurities at multiple time steps to
quantify if and how impurities change over the season. As a case study, we examine sintering changes
in a weak layer which was responsible for destructive avalanches in December 2008, including one
which severely injured a Mammoth patroller. We compare avalanche control results which failed on
this weak layer with its microstructural evolution.
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Measuring thermal conductivity of snow: the problem with needle probes
Fabienne Riche, Bernadette Koechle, Martin Schneebeli
WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
Thermal conductivity is a very important physical property of snow because it determines snow
metamorphism, together with the temperature gradient. It is well known that thermal conductivity
depends also on the microstructure. A lot of measurements of thermal conductivity of snow have been
reported in the literature with different methods such as guarded heating plate which is a steady state
method, and transient methods using mainly needle probes, and large differences in parametrizations.
In this study, we compared thermal conductivity measurements of six different snow types, covering
most of the relevant types found in the Alps, to former experimental and theoretical results. Measurements were made using a new guarded heating plate apparatus and a single needle probe. As the
thermal conductivities measured with the needle probe were systematically lower than the ones
measured with the heat plate apparatus, we studied the structural impact of the insertion of a needle
on snow microstructure. We compared micro computed tomography measurements before and after a
needle measurement. The result shows that the insertion of the needle probe in the snow structure
leads to important variations of the snow structure and the local density around the needle. These
variations create an error up to 50 % in the thermal conductivity measurement made with the needle
probe. We conclude that needle probe measurements are prone to a large systematic error and
increased uncertainty in the measurements. Our new measurements will be a very useful dataset to
validate existing parametrizations in snow models and to test new ones.
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A new device to acquire high-resolution vertical profiles of snow specific surface area
L. Arnaud1, G. Picard1, N. Champollion1, S. Morin1,2, F. Domine1, F. Flin2, B. Lesaffre2, A. Royer3,
A. Langlois3, P. Cliche3, D. Six1, J.-M. Barnola1, M. Fily1
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Specific surface area (SSA) is an important variable characterizing the complex microstructure of snow.
It represents the surface area of the air/ice interface for a given mass of snow and is directly related to
the effective grain size or the optical diameter. The application range is wide and covers the physical
evolution of snow (metamorphism), photochemistry and optical and microwave remote sensing
(radiative transfer). We present a new device based on the NIR reflectance approach that complements
and improves previous devices and suits our research work on microwave remote sensing in Antarctica.
For this particular application, the profile of SSA needs to be measured with a high vertical resolution
up to 10 m depth or more. POSSSUM (Profile Of Snow Specific Surface area) measures the reflectance
at 1310 nm along the face of a drilling hole (126 mm in diameter). A laser diode illuminates the snow
at nadir incidence angle and the reflected radiance is measured at 3 zenithal angles (20° ,40° ,60°)
for 2 azimuthal angles (0° and 180°). The vertical resolution is limited by the laser footprint, which is
about 1 cm in diameter. The distance between the instrument and the snow varies in the hole and
is assessed accurately in order to estimate the hemispherical reflectance from the 6 radiances. The
validation of the system took place in the spring 2009 in the Alps within the framework of an intercomparison with other techniques such as methane adsorption, tomography, NIR photography and
integrating sphere. First results show reflectance profiles consistent with stratigraphic observations,
ie. a general decrease of the SSA with depth. The advantages and disadvantages of this method are
discussed.
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Force-controlled shear experiments with layered snow samples
Ingrid Reiweger1, Robert Ernst1, Jürg Schweizer1, Jürg Dual2
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Natural dry-snow slab avalanches start with a failure within a weak snow layer. In order to understand
the mechanical behavior and the failure mechanism, we performed loading experiments with layered
snow samples under controlled conditions in a cold laboratory. For simulating loading conditions
similar to the natural snowpack, we designed and built an apparatus where a snow sample can be
tilted by a ‘slope angle’ and is loaded via the gravitational force. The deformation within the snow
sample was measured optically with a pattern recognition algorithm. Shortly before failure we
observed a concentration of deformation (softening) within the weak layer. The snow samples’
response to an applied load strongly depended on the loading rate. For fast loading rates, the sample
fractured quickly without much preceding deformation at a relatively low force. For very slow loading
rates, the sample did not break at all but exhibited creep behavior. In the intermediate region the
sample broke after significant deformation. These results support the assumption that the dominating
mechanisms for snow deformation are the competing processes of breaking and sintering of bonds
between grains, which have different characteristic time scales.
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SPA – Snowpack analyzing system
Reinhard Fiel1, Wolfram Sommer1, Thomas Rentsch2
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The Snow Pack Analysing System (SPA) is a new and unique system for automatic and continuous
measurement of all relevant snow parameters like snow depth, snow density, snow water equivalent as
well as contents of liquid water and ice. The SPA offers a modern data gathering with high resolution.
Snow depth is measured with an ultrasonic pulse sensor, compensating the temperature influence
automatically. Using different measurement frequencies, the components water, ice and air of the
snow show different dielectric constants. The volumetric content of the single phases can be defined
by measuring the complex impedance along the flat ribbon of the SPA sensor. The specific volume
contents are equal to the liquid water and ice content in the snow pack. With this information the
snow density can be calculated. The SPA-System is not affected by ice layers. The SPA-System can be
installed simply and conveniently. It can be integrated either into existing weather stations or
established as a new station. Central part of the SPA-System is the measurement and control device. It
analyses the input data and transfers it by a RS 232 to a data logger. For hydropower companies and
flood prevention authorities the precise monitoring of water resources on catchment scales is
indispensable for the prognosis of snowmelt runoff, which in return is relevant for flood prevention. In
agriculture and mining estimations of the infiltration into the soil are of basic interest. Snow density
and liquid water content are fundamental parameters for the risk assessment of wet snow avalanches.
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Systematic assessment of new snow settlement in SNOWPACK
Walter Steinkogler1,2, Charles Fierz1, Michael Lehning1, Friedrich Obleitner2
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New snow settlement in the very first hours and days after a snowfall is not fully understood.
Modelling errors at this initial stage propagate through a whole winter season, thus affecting a correct
modelling of crucial snow cover properties such as density, temperature distribution and snow depth.
Up to now, parameter tuning for settling in SNOWPACK was mainly done by visual comparison of
modelled with measured settling curves. This can be accomplished by tracking model layers that
correspond to positions of combined settlement and temperature sensors (snow harps). As a result,
verification of model performance with in situ measurements is possible. Furthermore, using such a
harp as a lower boundary condition, snow cover evolution above this harp can be analysed irrespective
of earlier simulation errors. Here we use comprehensive data sets obtained during a number of snowfall periods. In addition to snow harp data, high resolution density profiles taken in the days following
a snowfall provide for further verification of the simulated snow cover evolution. Based on these
observations, we present a systematic approach to assess the performance of the model both during
and a few days after snowfalls. This sensitivity study allows locating the most important model
parameters that influence the settlement of freshly deposited snow but also points to the importance
of both type (grain and bond sizes) and state (temperature) of snow within the topmost snow cover
layer at the onset of snowfall. Additionally a new temperature parameterisation is implemented,
which improves model performance.
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Aerodynamic and surface characteristic length scales of snow covered flat planes
Christof Gromke1, Michele Guala2, Benjamin Walter1, Costantino Manes3, Michael Lehning1
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The surface roughness is of great importance for all kind of turbulent exchange processes within the
near-ground part of the atmospheric boundary layer. In terms of atmospheric flows, the aerodynamic
roughness lengths z0 is used to express the surface roughness implications on wind flow and turbulent
momentum transport. Despite its significance, still a considerable uncertainty on the appropriate
choice of the parameter z0 for snow covered surfaces exists. This is expressed in the variety of values
for z0 which, even for orographic less structured areas, spans two orders of magnitude. In the SLF cold
atmospheric boundary layer wind tunnel, located at 1650 m a.s.l. in Davos/Switzerland, aerodynamic
roughness lengths z0 have been estimated from flow measurements over new-fallen snow, naturally
deposited on flat planes. Complementary, employing the random field approach, surface characteristic
length scales have been extracted from semivariograms of snow-air-interfaces obtained by digital
image analysis of surface photographs. Bringing both approaches together reveals evident correlations
between the two sets of length scales. Generally, increasing aerodynamic roughness lengths
are accompanied by increasing surface characteristic length scales. This suggests the existence of a
relationship between the two length scale sets. However, the current data base is still too small and
inconclusive to derive a sound founded relationship but rather indicates trends. More investigations
are necessary in order to enlarge the database and to allow the development of a relationship which
could be used to easily determine aerodynamic roughness lengths without the need of elaborated
installing costly flow measurement equipment.

60

International Snow Science Workshop, Davos 2009, Abstracts

P 122
Granular phase transition in depth hoar and facets: A new approach to snowpack failure?
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Depth hoar and faceted crystal layers consist of a granular aggregate of polyhedral grains of ice. When
left undisturbed, these aggregates exhibit the properties of a granular solid (Gs): the order, position
and packing fraction of the grains remain unchanged in time. On the other hand, when mechanically
disturbed, the same aggregates exhibit the properties of a granular liquid (Gl): the grains start to flow
and the packing fraction can suddenly increase. Fundamental physical characteristics of this granular
phase transition such as repeatability, reversibility of cycles, and energy of activation are explored in a
number of simple field experiments recently carried out in the French Alps. The granular phase
transition is repeatable at will in both directions but the packing fraction of the final state may not be
identical with the packing fraction of the initial state. In order to activate a full Gs-to-Gl transition
in a 1 dm3 container, an energy barrier of the order of 0.01 J/dm3 to 0.1 J/dm3 must be overcome. The
observed granular phase transition poses new questions regarding crack nucleation and crack
propagation in interfaces between slab layers and layers of depth hoar or facets. Indeed, actions such
as skiing or snowboarding may activate local granular phase transitions near the interface, which in
turn may activate interfacial fracture by anticracking. The study of the granular phase transition has
therefore a large potential for deepening the understanding on how slab avalanches occur when
depth hoar or facets are involved in the fracture process.
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Comparison of shock waves provoked by various artificial avalanche release techniques,
and of their effects on the snowpack
Philippe Berthet-Rambaud
IMND Engineering, France
The preventive release of avalanches by explosion is one of the main methods used to protect ski areas
and transport infrastructures in wintertime. The two main explosives categories are solid and gas
mixture. These methods generate shock waves that affect the snow in different ways. The effects
depend, on the one hand, upon the positioning of the explosives in the snowpack and, on the other
hand, upon the quality of the snow and the type of explosion used (detonation or deflagration). The
aim of this study therefore is: First of all, to characterise, by experiment, the direct incident wave
caused by the different explosion methods used to release avalanches and to compare the amplitude
of the aerial overpressure-underpressure phases, speeds, and affected area. Second, to evaluate the
effect of this wave on the snow, depending on the snow quality. A specific protocol is applied to
evaluate the snow’s absorption and wave transmission capacity. The snow will either concentrate the
effect with maximum intensity or dissipate the effect over a greater surface area with broader intensity
distribution. It was thus possible to carry out a preliminary measurement campaign during the winter
of 2008–2009. The results of this campaign are presented and compared with other published results.
In the long run, these data can lead to the improvement of artificial avalanche release systems, so that
avalanche control can be optimised depending on the site and snow conditions, such as powder, slab
or heavy snow.

Comparaison des ondes de chocs émises par différentes techniques de déclenchement
artificiel des avalanches et de leurs effets sur un manteau neigeux
Le déclenchement préventif des avalanches constitue un des principaux outils de sécurisation des
domaines skiables et infrastructures de transport en hiver. Deux grandes catégories peuvent être
distinguées selon que la technique à recours à de l’explosif solide ou à l’explosion d’un mélange
gazeux. Or, ces sources vont générer des ondes de chocs et des effets différents sur la neige, d’une part
selon la position par rapport au manteau neigeux et d’autre part selon la qualité de la neige et le
régime de l’explosion (détonante ou déflagrante) . L’objectif de cette étude est ainsi : (1) de d’abord
caractériser expérimentalement l’onde directe incidente issue de différentes sources d’explosion
utilisées pour déclencher des avalanches et de comparer l’amplitude des phases de surpression-dépression aériennes obtenues, les vitesses en jeu, la surface sollicitée etc. (2) d’évaluer l’effet de cette onde
sur la neige en fonction de sa qualité : un protocole spécifique est initié pour évaluer l’absorption de la
neige ainsi que sa capacité à transmettre l’onde pour, soit focaliser l’effet avec une intensité ponctuelle
maximale soit le diffuser pour intéresser une plus grande surface avec une intensité plus répartie. Une
campagne préliminaire de mesure a ainsi pu être réalisée pendant l’hiver 2008–2009 dont les résultats
sont présentés et confrontés à ceux de la littérature. A terme, ces données doivent permettent
d’améliorer les systèmes de déclenchement artificiel pour optimiser les chances d’avalanche en fonction des conditions de site et de neige (poudreuse, plaque, lourde).
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Snow-profiling at Weissfluhjoch
Roland Meister
WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
Snow and avalanche research in Switzerland started shortly after 1932, when the cable-way was built
from Davos to Weissfluhjoch/Parsenn. To refresh their winter memory, the researchers went out in
the surroundings to examine the snowpack. They did so to study the fundamentals of avalanche
formation, say they filled the modules in the Shoda diagram with realistic content. Also important
were documentation of avalanche accidents and verification of the warning procedures. A short
overview is given to the methods, techniques and results of snow-profiling at that famous place and
elsewhere. Soon, the scientists felt lazy to dig snow holes and thought about handy instruments to
remotely check the snow cover. In early 1936, Robert Häfeli developed a tube to examine the strength
properties of snow layers – the Swiss rammsonde was born. The story is described thru the decades.
Swiss military alpine services adapted snow-profiling methods and gauges. They became orderly ones,
also abroad. The civil network for avalanche warning was refined and time profiles were designed for
snow cover evolution at the stations. In the late 1970ies, stability checks as the Rutschblock test found
the way back from military to the institute. Acceptable practices in snow cover examinations and site
selection involve thinking in the power of ten, follow the measurements error propagation and take
into account temporal and spatial variations. It is explaied, why digging snow holes is not superfluous
also in our days, beside the consideration of electronic gauges and model outputs. Depending on the
different decision making processes, different types of snow profiles are recommended, say scientific
ones and quick pits. For the most, the heavy rammsonde tubes can be replaced by light snow saws,
opening the field for new rituals.
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Measurement of dynamic water-entry value for dry snow
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In soil physics, many people have discussed about mechanisms of developing preferential flow based
on dynamical processes. But, in snow science, there are few studies on the preferential flow though
the preferential flow governs a part of runoff process in snowpacks. The homogeneous dry sand has
the water-entry value which is the threshold value of capillary pressure to start infiltration into the dry
sand. The water cannot infiltrate in the situation that the capillary pressure at the wetting front is less
than the water-entry value. The preferential flow is developed in the upward-negative gradient of the
capillary pressure along the upper part of the wetting front, which is appeared in the case of the
water-entry value larger than the capillary pressure above the wetting front. Because the preferential
flow can be formed in the homogeneous dry sand which has the water-entry value and is provided the
certain downward water flux, the capillary pressure profile and the water-entry value at the wetting
front in the homogeneous dry snow are important to study the preferential flow in the snowpack.
In this study, the dynamic water-entry values measured with the tensiometers were observed in the
homogeneous dry snow. The measured water-entry values were close to the air-entry value in
the water retention curve for the drying process. The preferential flows were also observed in this
experiment. On the other hand, the water-entry value in the initially wet snow was not observed
and the preferential flows were not formed.
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Measuring the water retention curve of snow
Satoru Yamagichi, Takafumi Katsuhima, Atsushi Sato, Toshiro Kumakura
Snow and Ice Research Center, Japan
The unsaturated hydraulic conductivity of snow is the most important parameter in describing water
penetration, but very few attempts have been made to measure it (Sugie and Naruse, 2000; Yamaguchi
and Sato, 2007). Based on their experimental results, Yamaguchi and Sato (2007) suggested the
possibility that the unsaturated hydraulic conductivity of snow depends upon grain size. In this study,
we report on the experimental results of the water retention curve (WRC) of snow (addressing the
behaviors of unsaturated hydraulic conductivity), and we discuss the relationship between the WRC
and related snow characteristics. WRCs were measured using a method based on the principle of the
hanging water column. To investigate the relationship between grain size and the WRC, we used
granular snow samples of various grain sizes. Our experimental results revealed that there are many
similarities between the WRC of snow and that of sands. As a result, to analyze the WRC of snow, we
attempted to apply the van Genuchten Model (VG model, 1980), which is a standard model in the field
of Soil Analysis. Some parameters in VG model have a strong relationship with sample grain size. These
dependences support the suggestion that snow’s unsaturated hydraulic conductivity is dependent
upon grain size, as was suggested by Yamaguchi and Sato (2007). Our results suggest the possibility
that by incorporating grain size parameter into the VG model, the unsaturated hydraulic conductivity
of snow can be determined through modeling the WRC.
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Wet snow diurnal evolution and stability assessment
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Wet snow avalanches pose a threat to snow recreationists and to infrastructure such as mountain
roads. The timing of wet snow avalanche formation is difficult to predict. The loss of strength is more
important than stress imposed by additional loads. Processes leading to weakening, such as water
infiltration can be gradual or sudden. Therefore, the time scale of observations is essential. A
questionnaire among 40 international avalanche professionals aimed at determining common practice
in assessing wet snow stability during first and repeated wetting events. It turns out, that only few
respondents use different stability tests for dry and wet snow. 14 respondents consider tests in wet
snow useful. The test considered most useful is the shovel shear test (ST). In view of the responses, we
sampled 31 locations during first and repeated wetting cycles in the Swiss Alps. We compare the results
of one rutschblock test (RB), four extended column tests (ECT) and two ST from the morning and the
afternoon. Additionally, vertical liquid water content profiles and snow profiles are analyzed. Moist
and very soft persistent weak layers most often produce unstable test results, where the failure
character is a collapse. Observed ponding horizons did not produce failures. As in dry snow, the RB is
comparable to the ECT in wet and moist snow. The diurnal change of stability is approximated in the
morning by removing the surface melt-freeze crust before ECT-testing. The ST is suitable to test deep
instabilities. These procedures can be used for wet snow stability assessments.
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Observations and analysis of two large wet-snow avalanche cycles
Christoph Mitterer, Rebecca Mott, Jürg Schweizer
WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
Wet-snow avalanches threaten mountain communities and communication lines. Their formation as
well as the snowpack processes leading to wet-snow instability are poorly understood. Forecasting
wet-snow avalanches is a great challenge and poses great difficulties for local authorities. Better
knowledge about the processes leading to wet-snow instabilities is therefore very important. During
the winters of 2007–2008 and 2008–2009 two distinct wet-snow avalanche cycles occurred in the
surroundings of Davos, Switzerland. We analyzed meteorological data, in-situ snowpack information
and mapped avalanche extent. In addition, the snow cover model SNOWPACK was used to fill the gap
where snowpack data, such as volumetric water or snow temperature, were not available. The analysis
focused on the causes of instability: loading and/or weakening due to water infiltration. The full
energy balance was calculated using meteorological data and extrapolated to the investigation area
using the model ALPINE3D. The two avalanche cycles show that wet-snow avalanches can occur in a
short time span. Precipitation amounts and the type of precipitation, i.e. rain or snow, played an
important role during the first avalanche cycle, while terrain parameters such as aspect and slope angle
combined with liquid water infiltration patterns were crucial during the second wet-snow avalanche
cycle. Although different meteorological conditions prevailed during these two avalanche cycles,
it appears that wet-snow instabilities are depended by snow stratigraphy, rapid increases in air
temperature and water infiltration patterns.
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Snow pit measurements interpretation for snow stability evaluation
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Numerous measurements of snow thickness, density, shear strength, friction coefficient and temperature made in the Khibini Mountains are analyzed to understand their input into misinterpretation of
snow stability and avalanche release. Examples of spatial and temporal difference of the characteristics
controlling snow stability as well as numerical description for some of them are submitted. Possibilities
of simulation of the spatial and temporal distributions of the characteristics are considered. An
influence of snow characteristic variability and measurement method errors on snow stability
assessment are evaluated. Some practical conclusions for snow pit measurements carrying out are
suggested. The work was supported by RFBR (grant 08-05-00883-).
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to assess snowpack stability in Aosta Valley (NW – Italy)
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Numerous snowpack stability tests have been developed and are available for practitioners and local
administrators to assess avalanche hazard level. The purpose of this work is to test the extended
column test (ECT) in order to evaluate the possibility to include it in the ordinary survey activity carried
out by the Snow and Avalanche Service of the Aosta Valley Region. The study area is located in the Lys
Valley at 2727 m a.s.l. Snowpack stability has been evaluated on a slope with inclination of 30–35°,
North-Eastern aspect and chosen in a safe and easily reachable area. Since March 2009 periodic surveys
have been done when snow and meteorological data suggested possible snowpack instability, also on
the basis of the Snow and Avalanche Bulletin. Snow characteristics were described according to Italian
standard procedure (AINEVA) and stability test data from extended column test (ECT) were compared
with the more commonly used compression test (CT) and rutchblock test (RB). In the first two experiments all the three tests gave negative results. In some ETC tests the fracture initiated, but did not
propagate. All the other experiments had positive results, fractures involved the same snow layers and,
in the ECT, propagated within one or two additional loading steps from fracture initiation. As ECT
seems to give same results as CT and RB and it is faster to prepare, it might replace them in the
ordinary Snow and Avalanche Service snow surveys. It is then important to continue testing it during
the whole next season.
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SNOWPACK software application and comparison with hand-collected snow profiles
in Aosta Valley (NW-Italy)
Elisabetta Ceaglio1,2,3, C. Cappelletti1, P. Dellavedova2,3, Michele Freppaz1, Margherita Maggioni1, V.
Segor2, E. Zanini1
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Fondazione “Montagna Sicura”, Valle d’Aosta, Italy

The SNOWPACK model, developed by the WSL-SLF Davos (CH), attempts to simulate snowpack layering
and physical characteristics throughout the winter using relatively simple meteorological inputs. The
purpose of this work is to test the model for making it a useful tool for the avalanche danger forecast
made by the Snow and Avalanche Service of the Aosta Valley Region. The study area is located near
La-Thuile (NW-Aosta Valley) at 2044 m a.s.l., where an automatic weather station is present. Two study
sites were chosen: one on a flat area, very close to the automatic weather station, and the other few
meters apart on a slope with inclination of 32° and North aspect. Since February 2009 periodical snow
profiles were dug. In the flat area, the comparison between SNOWPACK layouts and hand-collected
data showed good results. Snowpack thicknesses are similar, with variations of 5–20 cm, probably due
to snow spatial variability and terrain morphology. Hand hardness index and density values are quite
corresponding, temperatures are equal, except for some differences in snowpack surface layer. Concerning grains shape and size, the main difference is that model often finds depth hoar included into
snowpack, which is not found in the snow profiles. In the inclined site, the comparison showed many
differences related to almost all variables. This first study case shows that SNOWPACK model has good
application on flat terrains and it has to be improved on not-flat northern terrains. We will continue
testing the model during the whole next season.

70

International Snow Science Workshop, Davos 2009, Abstracts

P 132
Validation of the SNOWPACK model in the Dolomites
Fabiano Monti1, Anselmo Cagnati1, Charles Fierz2, Michael Lehning2, Andrea Pozzi3, Mauro Valt1
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Starting in winter 2004, the snow cover model SNOWPACK has been operational at the Avalanche
Forecasting Centre of Arabba (Dolomites, Italy). Snowpack characteristics, such as snow depth, temperature, hardness, density, wetness but also snow microstructure, layering and stability, are modelled
using data from automatic weather stations. Until now there has been no statistical validation of
SNOWPACK for the Dolomites climate area. Throughout the 2007–2008 winter, snow pit observations
were performed weekly in a study plot close to the automatic weather station of “Monti Alti di Ornella”. Snow profiles were compared to simulation results in both qualitative and quantitative way.
Early in the season, the agreement between measured and simulated snowpack characteristics is good
(74 %). The quality of the simulations decreases with the start of the melt season. Generally snow
depth is well simulated, although the model tends to underestimate the snow depth early in the
season and to overestimate it late in the season. Analyzing the effects of wind on the snow cover, we
show that SNOWPACK was not able to simulate the densification of the surface layers under high wind
conditions (wind crusts). We introduce and describe an empirical “wind effect” function providing
additional densification under high winds. This additional compaction leads to improved simulations of
snow density and other parameters, especially in the second half of the season.
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Fracture line profiles in Japan
Ikeda, Shinji
Niigata University, Japan
In recent years, the scientific analysis about structural weakness has developing. These recent studies
had performed based on the experiences of avalanche forecasters and numerous data in North
America and Europe. However, because of modern avalanche forecast doesn’t exist, there is little
accumulation of the experience and data for snowpack analysis in Japan. Therefore, usability of these
results about structural weakness for Japanese snow climate has not confirmed. We had examined
the characteristic of the avalanches by comparing fracture line profile collected in Japan with present
study results about structural weakness to confirm usability of structural weakness in Japanese snow
climate. As a result of the analysis of 20 fracture line profiles in Japan, most of avalanches had related
to persistent weak layer, however that had related with precipitation particles are not rare. Even more,
it suggested that critical points of fracture depth, weak layer thickness, hand hardness difference,
grain size difference, are important also in Japanese snow climate.
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Avalanche triggering by sound: myth and truth
Benjamin Reuter, Jürg Schweizer
WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
It remains a popular myth that avalanches can be triggered by noise. We will take a closer look and
compare the impact of sound, the supersonic boom caused by low flying military aircrafts and
explosives on the snow cover. Avalanche release by explosives is the method of choice for avalanche
mitigation and for achieving infrastructure safety by avalanche control services. Explosions lead to
high pressures and acceleration rates. Wave propagation is possible in three media: in the air, within
the snow cover and through the ground. Shock and pressure waves, which propagate in the air due to
the explosion, reach the air-filled pores in the snow and may affect the ice matrix. A preliminary order
of magnitude analysis shows that the effect of the three triggers (sound, supersonic boom, explosive)
is on the order of 1 to 100 to 1000.
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Where to dig? – On optimizing sampling strategy
Sascha Bellaire, Jürg Schweizer
WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
Snow slope stability evaluation is often based on single tests within a slope. However, we know that
snow cover properties and stability may vary at the slope scale. Reliably estimating the slope scale
variability requires many samples, probably up to 100. As this is unpractical, it has been proposed to do
at least two tests – about 10 m apart – on a given slope. In addition, if small column stability tests are
used (such as the compression test), it seems reasonable to perform two tests at each of the two
locations. Differences between the two tests at one location allow one to assess the small scale
variability (and/or the test uncertainty), whereas differences between the pairs may hint at the slope
scale variability. We analysed 22 slopes each with four pairs of stability tests. In about 61–73 % of the
cases the two stability tests at a specific location provided consistent results. Comparing the different
sampling locations on a given slope (~10 m apart) showed that in many cases (59–75 %) differences
between sampling locations were rather small. Based on our analysis, we suggest an interpretation
scheme and an adjusted sampling procedure.
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Spatially predicting surface hoar crystal size in sparse forests using shading in satellite
imagery
Cora Shea1, Bruce Jamieson1,2
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Surface hoar size and location can relate directly to avalanche initiation trigger points. Using 288 point
samples of surface hoar crystals sized up to 17 mm, we present a relationship between point surface
hoar size and the greyscale value of satellite imagery around each point. We found that the best
crystal-size-versus-greyscale correlation occurs at a greyscale value averaged over a radius of 40 pixels,
or about 4 m for the photography we used. From this, we present a practical and empirical model
which predicts spatially distributed crystal sizes using only point samples of surface hoar size and
greyscale values of the surrounding satellite imagery. Essentially, smaller crystal sizes correspond to
lower (darker) greyscale values, and larger crystal sizes correspond to higher (lighter) greyscale values.
The model scales its predictions by expected maximum crystal size and expected maximum luminosity,
both of which come from the single point measurement paired with its satellite imagery. When
verified at a different location and different surface hoar formation cycle with crystals up to 7 mm, the
model predicted the correct size to within 2 mm of actual crystal size, 70 percent of the time. Both
model and verification data were collected in plots of 40 x 40 m. As shading usually corresponds
physically to trees in our images, we physically relate the success of the model to the concept of sky
view. We also discuss the limitations and implications of this purely empirical model, and propose
future improvements based on surface temperature measurements.
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Snow and avalanche: the influence of forest on snowpack stability
Davide Viglietti1, Stephanie Letey1, Renzo Motta2, Margherita Maggioni1, Michele Freppaz1
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Di.Va.P.R.A., Università di Torino, Italy
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Snow avalanches are among the most important disturbances that affect mountain ecosystems,
influencing forest dynamics, establishment and mortality processes. At the same time forests can affect
the likelihood of avalanche release and can thus protect human settlements and infrastructures.
The forest protective role is largely a function of forest stand structure, snow characteristics and
topography. Starting from winter 2003/2004 the snowpack evolution within forested areas has been
monitored, in order to increase the present knowledge on complex relationship between forest and
snowpack. Since 2005, a specific research was carried out focused on detection and analysis of those
avalanches that released within forested areas. First, an analysis of the Regional Avalanches Cadaster
of the Aosta Valley (Italy) was done to determine the number of avalanches, about 5 %, with a starting
zone located into forested areas. Afterwards, 15 sites were chosen to compare forestry characteristics
with neighbouring areas located at same altitude, exposition and slope, where no avalanches occurred.
The resulting data were used to evaluate the minimum requirement (e.g. tree density, basal area,
canopy cover) that a forest must have in order to supply the protective function with respect to
avalanche site and snowpack features derived from Avalanches Bulletin of Aosta Valley. By increasing
the current data-base, it might be possible to relate forest structural characteristics to the reduction
of snowpack instability. As defence measure from avalanches, in some cases it should be preferable to
use sustainable practices such as suitable silvicultural approach instead of traditional and permanent
defence structures.
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Blowing snow measurements: Comparison between different sensors and back analysis
of drifting snow events at Lac Blanc pass
Florence Naaim-Bouvet1, Hervé Bellot1, Mohamed Naaim1, Christophe Genthon2
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Wind-transported snow is a common phenomenon in cold windy areas such as mountainous and polar
regions. The wind erodes snow from high wind speed areas and deposits it in low wind speed areas.
The resulting snowdrifts often cause problems for infrastructure and road maintenance and contribute
significantly to the loading of the avalanche release area. Even if numerical models help predict and
control drift patterns, accurate evaluations of the input parameters are needed for these numerical
models to remain an open question. Blowing snow mass fluxes and wind profiles are mainly obtained
from empirical relations. As the topography and type of snow could be quite different from one
place to another, further experimental research is needed before using such formulae. Instruments
were set up on our experimental site Col Du Lac Blanc (2700 m) in the Alps to obtain the required data
(roughness, friction speed, threshold friction speed, particles speed, drifting snow mass fluxes). These
instruments include: specific optical instruments (Snow particle counter and present weather sensor
PWS100), acoustic instruments (Flowcapt), 10 meter-mast with 6 anemometers, 3 temperature sensors
and a depth sensor. New data obtained during winter 2008–2009 are compared with empirical
formulae and past experimental data. A series of well documented events were back analysed by the
numerical model proposed in (Naaim et al. 1998).
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Online NWP-model data as boundary conditions for snow drift simulation
Simon Schneiderbauer, Stefan Pirker
Johannes Kepler University, Linz, Austria
In mountain regions the simulation of micro- and mesoscale wind flows is an important base for
particle transport phenomena as snow drift and snow accumulation. The knowledge of the micro-scale
wind field and temperature distributions is a key factor for appropriate modeling of snow accumulation, erosion and snow properties, respectively. In Austria two Numerical Weather Prediction (NWP)
models are operated by the Central Institute for Meteorology and Geodynamics (ZAMG) that provide a
broad range of meteorological data. However, due to the coarse resolution of the NWP models, micro
and meso-scale flow features cannot be obtained by these wide range models. Resolving meso-scale
wind fields actually requires a three-dimensional Computational Fluid Dynamics (CFD) simulation and
cannot be handled by a stratified layer model. Thus, the challenge arises to embed a comprehensive
meso-scale CFD simulation into a wide range NWP model. Thereby, one mayor question is the
appropriate definition of time-dependent boundary conditions for the CFD simulation. In this work,
a mass conserving optimization approach to determine the open boundary conditions from interior
observations is presented. The wind speed and direction at virtual stations can be deduced from the
NWP model by trilinear interpolation. While the boundary wind field is defined by this optimization
approach, the inflow temperature profiles are directly extrapolated from the NWP model. As
an example, the flow over the Grimming Mountain is computed by extracting the time dependent
boundary conditions from the NWP model ALADIN. The results are validated by measurement data
from a weather station located at the Grimming massif. The time series of the wind speed, wind
direction and temperature at the weatherstation are well reproduced by the presented model.
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Analysis of temporal and spatial snow depth changes in a steep rock face
Vanessa Wirz, Michael Schirmer, Michael Lehning
WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
The presence of snow in steep alpine terrain affects many alpine processes, e.g. water management,
natural hazards or permafrost distribution. Hence good knowledge on spatial and temporal
distribution of snow in steep alpine terrain is of high importance. Inaccessibility and alpine dangers in
very steep terrain are the main reasons for lack of studies on snow depth in those areas. The main
goal of this study is to better understand the relevant processes and factors, which affect snow
accumulation, redistribution, erosion and ablation in steep rock faces. For this purpose a high
resolution Terrestrial Laser Scanner was used to achieve precise digital surface models and orthophotos
of a steep rock face. We collected surface data without snow, before and after important snowfall or
wind drift events and ablation periods, which allowed us to calculate absolute snow depth on the one
hand and relative snow depth changes on the other hand. Snow depth measurements, orthophotos
and additional data from automatic weather stations located in the surrounding area, were
qualitatively analysed. An interesting feature is the growth of cornice-like deposition maxima starting
above vertical rock outcrops in the steep wall. The spatial and temporal distribution of snow depth
are statistically related to (i) terrain features e.g. slope angle, aspect or curvature and (ii) resulting
surface processes derived from spatial distributed model outputs e.g. radiation, wind fields or drifting
snow.
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Terrestrial laser scanning for snow depth observations: An update on technical
developments and applications
Alexander Prokop
BOKU, University of Natural Resources and Applied Life Sciences, Austria
In the past years terrestrial laser scanning methodology has become a powerful tool to determine the
spatial snow depth distribution on slopes. With technical improvements of devices, e.g. increased
measurement range, reduced size of beam diameter, scanning speed and a more precise registration
process, the number of applications in the field of snow and avalanche related objectives have
increased. The presentation focuses on examples, such as the documentation of an avalanche hazard
that destroyed a railway track. The mass balance of the avalanche was measured to allow a precise
evaluation of dynamic modeling and risk analyses. Another example involves monitoring activity of the
development of the spatial snow depth distribution on a snow drift exposed slope over 4 winter
seasons. Improvements in applicability of the technical developments of the devices are described and
continuing limitations of terrestrial laser scanning methodology are discussed. An outlook on future
developments of the technology is given.
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The influence of aspect on physical and chemical properties of the snow cover in a basin
on the Monte Rosa Massif (North-western Italian Alps)
Antoine Brulport, Margherita Maggioni, Michele Freppaz, Gianluca Filippa, Emil Squinobal
Di.Va.P.R.A., Università di Torino, Italy
In Alpine ecosystems, snowpacks are characterized by both spatial and temporal variability, as a
function of topographical and meteorological factors. This study aims to evaluate the spatial variability
of the seasonal snowpack at a small scale to quantify the influence of aspect and slope angle on the
snow cover evolution. Three sites were chosen in the Monte Rosa Massif (North-western Italy) at
an altitude of 2600 m a.s.l. with different slope angles and different aspects: North and 25°, South and
25°, flat. In winter 2006–2007, physical snow parameters, pH and Electrical Conductivity were
periodically recorded. The structure and composition of snow displayed significant differences among
sites, with consequences on the snow stability. The snowpack at the flat site was comparable to the
North-facing site in the lower part of the profile, while it was similar to the South-facing site in the
upper part the profile. Concerning chemistry, the nutrient release started at the end of February at the
South-facing and flat sites occurring through different ionic pulses during the winter. On the contrary,
at the North-facing site the release occurred with a unique relevant ionic pulse at the end of April. This
study shows that the physical properties of a snowpack can vary broadly as a function of plot-scale
topography, determining different stability conditions that are not always considered while forecasting
the avalanche risk. The same topographic conditions play a role in the process of solute release, with
different consequences in the nutrient input from snowmelt to subnivian mountain soils.
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Chemical and mineralogical properties of dust layers in alpine snowpack (Aosta Valley,
North-western Italian Alps)
Elisabetta Ceaglio, Eleonora Bonifacio, Michele Freppaz, Gianluca Filippa, Ermanno Zanini
Di.Va.P.R.A., Università di Torino, Italy
In the Alpine area wind-drifted dusts may have two different origins: 1) dusts coming from northAfrican deserts, blown up at high altitude by strong air streams and transferred faraway, 2) materials
originated within the alpine system and locally transported. In the Lys Valley (south-eastern area of
the Aosta Valley Region) a red dust-rich layer was observed in the snow cover during two winters
(2002–2003 and 2003–2004). This material was sampled at two sites (3330 and 1475 m a.s.l.) to
characterize chemical properties. The mineralogical composition of the dust deposition found at the
highest elevation was also determined. Snow layers including the dust deposits show different physical
properties from contiguous layers and represent discontinuities into snowpack. They have a yellowbrown colour, are 3–5 cm thick and have a sediment content of 1.87 kg ha-1. The pH (6.75–6.92)
and electrical conductivity values are higher than those surveyed in other snowpack layers. The concentration of chlorides are above the range of values recorded for European Alps, and suggest that the
snowfall rich in dust was originated by sea air masses. Illite, kaolinite, weathered chlorite and mixed
layer phases are the main minerals in the dust deposit, and only small amounts of quartz, feldspars and
amphiboles are present. Some minerals, together with particle size and grain shape, indicate a
probable Saharan origin, but the presence of primary minerals very common in the Alpine system, also
suggest a possible contribution of local winds.
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Major element chemistry of inner-alpine snowpacks, Aosta Valley (NW Italian Alps)
Gianluca Filippa1, Michele Freppaz1, Mark W. Williams2, Ermanno Zanini1
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Major element chemistry of the snow cover was investigated at 15 sampling sites at about 2000 m a.s.l.
in the Aosta Valley, an inner-alpine region, during late winter 2005–2006. Winter 2005–2006 snowfall
was primarily westerly, due to Atlantic air flows, while southerly flows were not a significant source of
snowfall. The inner-alpine topography and the peculiar air flow patterns determined a unique ion
distribution compared to rest of the Alps. Calcium and magnesium concentrations in snowpacks were
low, consistent with the absence of Saharan dust events and local geological sources. Sodium and
chloride concentrations were higher than the average for the Alps, supporting the influence of the
Atlantic air masses on the ionic composition of snowfall. Sulfate concentrations were in the range of
background concentrations reported for high altitude and latitude sites, indicating that industrial
emissions were not a main source of chemicals for winter 2005–2006. Ammonium and nitrate values
were comparable to concentrations found in other sites of the Alps for low-emission winters. Here we
show that the distribution of chemicals in the snowpacks of inner-alpine valleys may have a different
behavior, compared to the rest of the Alps, resulting in potential differences in the effects of N and S
depositions in such sites. Given the not negligible extent of inner-alpine valleys in the Alpine chain,
such pattern should be taken into account while modeling N and S deposition at a global scale.
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Snow quality in a large city: the case of Torino (NW-Italy)
Davide Viglietti1, Mattia Biasoli1, Gianluca Filippa1, Michele Freppaz1, Jacopo Gabrieli2, Carlo Barbante2,
Ermanno Zanini1
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Winter season 2008–2009 was characterized by heavy snowfall that also occurred in the Po Plain, and
in particular in the city of Torino (NW-Italy). Snowfall quality in a strongly populated area such as
Torino may be heavily influenced by air pollution, both in particulate and gaseous form, and the melt
of this potentially polluted snow may in turn affect water and soil chemistry. Moreover, suspended
particles can also deposit on snow surface and potentially contribute to its enrichment in contaminants. Ten representative sites were selected into Torino in order to represent the diversity of population typical of urban settlements, from urban parks to roadsides. Field studies were conducted during
January and February 2009. Snow profiles were dug at four sampling dates to evaluate snowpack
physical properties (e.g. density, grain types, temperature and layer hardness). Snow was then sampled
at different depths. Samples were processed for the determination of main cations and anions as well
as for detection of main air pollutants. Results will be presented and compared with those coming
from several automatic air quality monitoring stations active in Torino to evaluate the sequestration
capacity of the snow for contaminants. Quantification of chemical properties of snow will provide an
estimate of chemicals loads that will be released into the soil at snowmelt. Subsequent data analyses
will allow gaining insight into the processes of deposition and scavenging of a number of pollutants by
snowfall, with a quantitative discrimination between scavenging and surface deposition processes.
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It is well known that dry snow avalanches release via the failure of a weak layer. Ideas from fracture
mechanics have been used to investigate this process in more detail. However, in all but the simplest
cases this approach does not yield analytical solutions. We discuss the development of a physicallybased stochastic computer model of fracture mechanics which allows for more realistic situations such
as spatial variability within the weak layer, stress re-distribution between weak and strong regions and
the rupture of the overlaying slab. With a combination of practical experience of avalanche forecasting
in the field and the development of these models, we discuss the implications of theoretical work
for the practitioner. Our explanation will explore phenomena well known in practical avalanche
forecasting, such as the existence of so-called “hotspots” on a slope, and an explanation of the inverse
relationship between avalanche size and occurrence frequency. Finally we consider recent
developments, such as the idea of the “anti-crack”, and attempts to incorporate these ideas into
stochastic computer models.
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The effect of daytime warming on snowpack creep
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Snowpack warming is, besides loading by precipitation and wind-transport, one of the major triggers
contributing to natural avalanche release. Established release mechanisms for spontaneous slab
avalanches strongly depend on deformation rates in weak layers, which are affected by temperature
changes. In general, snow as a material can adjust to low deformation rates without weakening. Once
a critical rate is exceeded snow exhibits strain softening and ultimately brittle fracture. Failure of a
weak layer is an important prerequisite to slab avalanche release. Critical slope parallel deformation
rates may be reached in weak layers on sufficiently steep slopes due to increased creep in the overlying
slab, which is heated by solar radiation. Using time lapse photography during the transition from
cold mornings to warm sunny afternoons, we monitored slope normal and parallel displacements of
markers on a vertical snow profile on steep slopes. Three time series of displacements showed
increased snowpack creep and slope parallel deformation rates during solar heating of the near
surface layers. We correlated these changes to measured solar radiation and air temperature.
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Rain on snow events trigger immediate and delayed avalanches as liquid water penetrates the snowpack. The presence of liquid water at the snowpack/ ground interface is a major precursor to glide
avalanche formation. Glide avalanches are difficult to forecast and often occur over a variety of time
scales. Here, we present results from an extreme rain on snow event that triggered a full-depth glide
avalanche near Snoqualmie Pass, Washington, U.S.A. Snoqualmie Pass (921 m) is located in the Central
Washington Cascades and is characterized by a maritime snowpack. The Washington State Department
of Transportation (WSDOT) snow study plot on Snoqualmie Pass recorded 463 cm of snowfall from 13
December 2008 through 6 January 2009. Temperatures were cold with periods of below normal snow
water equivalencies. This period of snowfall and snowpack development was followed by a strong
southwesterly flow of tropical origin that resulted in an extreme rain on snow event. Sensors at the
study plot recorded 300 mm of rain over a 60-hour period. Flooding, slush flows, landslides, and
avalanches resulted from this massive influx of precipitation. Snow heights decreased rapidly over the
period with settlement rates approaching 8 cm per hour. Liquid water infiltrated and flowed through
the snow pack within a few hours of the onset of rain, yet many of the major snowpack failures
occurred 12 to 30 or more hours after the onset of rain and water outflow. A glide avalanche was
recorded some 30 hours after the onset of rain and the establishment of drainage through the snowpack. Increasing glide rates correlate with periods of rapid snow settlement. Here, glide rates
approached nearly 20 cm/hour. Although glide and settlement rates increased during periods of
intense precipitation, glide failure occurred some eight hours after peak precipitation and outflow.
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Over the past few seasons, the Propagation Saw Test (PST) has gained increasing acceptance throughout guiding and highway operations in western North America. University of Calgary researchers
continued to perform the PST throughout the 2009 winter season in order to further validate the PST
by building on a previous study for the slope scale, and by comparing test results to avalanche activity
and expert ratings of propagation on the regional scale. In addition, researchers experimented
with column scaling in an attempt to reduce false-stable predictions previously reported for shallow
soft slabs. In 2009, more than 560 PSTs were performed in close to 100 snow pits in the Columbia
Mountains of British Columbia, Canada to supplement existing data from the previous two winter
seasons. More than 70 PSTs were performed at 28 sites in 2009 where fracture propagation was
observed (e.g. avalanches or whumpfs) or where fracture initiation was confirmed without propagation. This supplements the 33 sites and 67 tests used to previously validate the PST on the slope scale.
Tests on weak layers beyond the skier triggerable range are compared to expert ratings of potential
propagation within those layers, and the combined dataset is compared to the general growth and
decay of regional avalanche activity as tested layers are buried throughout the season. An attempt to
reduce false-stable predictions of the PST by scaling column length with layer depth below a meter
is briefly discussed, supporting the standard test method. A recording standard for the PST is also
presented.
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Regional stability evaluation with modelled snow cover data
Michael Schirmer, Jürg Schweizer, Michael Lehning
WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
Most snow stability interpretations are based on field measurements which are time-consuming and
sometimes dangerous. Furthermore, significant differences between expositions can only be detected
with many field measurements and results are difficult to transfer to other situations. Numerical
modelling of snow cover stratigraphy and stability which is able to represent variations between
aspects could be a solution to those problems. It has previously been shown that simulated snow cover
information is useful for statistical danger level prediction. For this presentation, we combine
simulated slope profiles with measured stability: 700 measured snow profiles with rutschblock score
and release type in the surroundings of five weather stations were rated into three stability classes
applying an existing objective stability interpretation. Snow stratigraphy data including for the four
main aspects were produced for the locations of these five weather stations using the snow cover
model SNOWPACK. With univariate statistics we determined whether (i) existing physically based
stability interpretations implemented in SNOWPACK are applicable for slope simulations; (ii) modelled
snow variables are able to predict measured stability. With expert knowledge and objective
feature selection a set of variables was chosen to obtain an optimal link between the modelled snow
stratigraphy data and the stability rating using classification trees, artificial neural networks and
support vector machines. The interpretation can be used as a support tool for avalanche warning
services to predict particularly dangerous aspects or to study interactions between meteorological and
terrain parameters on slope instability.
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Early warnings for extreme snowfall in the Swiss Alps
Patrick Hächler, Daniel Gerstgrasser
Federal Office of Meteorology and Climatology MeteoSwiss, Zurich, Switzerland
For more than 10 years MeteoSwiss provides warnings in case of expected heavy snowfall in the Alps.
It helps the WSL Institute for Snow and Avalanche Research SLF and the responsible people for road
and railway circulation to assess the risk of big avalanches and to make their decisions. But a forecast
of any extreme event is very difficult. The poster shows how forecasters of MeteoSwiss manage this
problem, from climatological aspects to typical weather situations to weather modeling results. It will
also be shown how quality varies in different parts of the country as well as quality has developed in
the last 10 years.
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Regional avalanche warning in Norway, a new concept for a large country
Christian Jaedicke, Steinar Bakkehøi, Frode Sandersen, Kjetil Brattlien, Anders Solheim
Norwegian Geotechnical Institute, Oslo, Norway
Norway encompasses 324,000 km2 of land area of which over ca. 7 % are mountainsides steeper than
30 degrees. The country stretches approximately 1700 km from south to north and features extreme
variations in normal precipitation and temperatures from one region to another. A normal winter day
can show several seasons in different parts of the country. Yet, the population is scarce and distributed
all over the country, connected by long and avalanche prone transport routes through the mountains.
This poses a major challenge for avalanche warning. Most weather observations are limited to
inhabited areas in low land terrain and there is no network of neither snow nor avalanche observations. Today, avalanche warnings are only issued for local objects of infrastructure and housing like the
Bergen railway or highway 15 connecting east and west Norway. The NGI avalanche warning project in
northern Norway which covers 22,000 km2 is a regional approach that also involves local observers.
General warnings for large areas at a time are only issued by the Meteorological Office when level
high or very high is reached. The Norwegian government has plans to establish a regional avalanche
warning service administrated by the Norwegian Water Resources and Energy Directorate. This paper
presents a draft concept for such a warning service, technical and administrative challenges and
suggestions for their solution based on current technical possibilities and 30 years of NGI avalanche
warning experience.
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The lower Austria Avalanche Warning Service – the youngest in the Alps
Arnold Studeregger1, Hannes Rieder1, Fritz Salzer2
1
2

ZAMG - Steiermark, Austria
Government of Lower Austria, St. Pölten, Austria

The avalanche warning service was established by the government of lower Austria together with the
avalanche experts from the Institute for Meteorology and Geodynamics costumer service Styria in a
very short time. The first regular season was winter 2006/07. A communication and catastrophe management (headquarter for warnings – hydrology – ZAMG – population) was arranged. This new system
proved very effective in February 2009. On 23 and 24 February 2009 the lower Austria avalanche
service declared the highest avalanche danger for the first time (5 – very high). In February 2009 the
sum of fresh snow was over 500 cm on mount Hochkar. The avalanche and the slab avalanche situation
in the transnational area along the 160 km border between lower Austria and Styria shows major
differences of avalanche building weather situations. On the west side of the area between the Ybbstaler Alps to the Mürzsteger Alps there is a big altitude difference. The meteorological conditions for
fresh snow are coming from the northwest to north. The east side of the Alps is influenced by the
meteorological conditions from the east. Next to meteorological parameters, the character of the
terrain is important when it comes to avalanche building: Notorious are the extreme and more than
50° steep sidewalls and channels from the north of the limestone Alps. These were considered classic
backcountry tours in the spring, but in the last years these areas were also skied in winter. Even in the
snow rich northern area of the lower Austrian Alps there are rock-interspersed steep areas under the
boundary of a forest. In this area, every year naturally released avalanches occur.

Lawinenwarndienst Niederösterreich – der jüngste Warndienst in den Alpen
Der Lawinenwarndienst wurde durch das Land Niederösterreich mit den Speziellsten der ZAMG Steiermark in sehr kurzer Zeit aufgebaut. Die erste reguläre Saison war der Winter 2006/07. Es wurde ein
Kommunikations- und Katastrophenmanagement (Landeswartzentrale – Hydrologie – ZAMG – Bevölkerung) eingerichtet. Das aufgebaute System hat sich im Februar 2009 als schlagkräftig bewiesen. Am
23.02. und am 24.02.2009 gab es erstmals seit Bestehen des Warndienstes die Gefahrenstufe 5. Im
Februar 2009 gab es eine Neuschneesumme von über 500 cm am Hochkar. Die Schadlawinen- und
Schneebrettsituation in den länderübergreifenden Gebirgsgruppen entlang der etwa 160 Kilometer
langen Steirischen- Niederösterreichischen Landesgrenze weist grosse Unterschiede in der Ausprägung
lawinenrelevanter Wetterelemente auf: Während der westlichere Teil, welcher von den Ybbstaler- über
die Türnitzer- bis zu den Mürzsteger Alpen reicht, wegen des grossen Höhenunterschiedes zum hügeligen Alpenvorland eher noch deutlich vom nördlichen Stau beeinflusst wird, ist der eigentliche Alpenostrand mit der Rax- und Schneeberggruppe bis zu den östlichen Ausläufern des Steirischen Randgebirges besonders anfällig für Wetterlagen mit östlichen Staueffekten. Neben den meteorologisch
bedingten Lawinenfaktoren ergeben sich vor allem auch durch das Gelände selbst grosse Unterschiede:
Berüchtigt sind etwa die extremen Steilflanken oder Rinnen der Nördlichen Kalkalpen mit 50° Neigung
und mehr, welche früher als klassische Firntouren galten, heute aber zunehmend auch im Hochwinter
befahren werden. Und selbst im schneereichen Nordstaugebiet der Niederösterreichischen Voralpen
gibt es felsdurchsetztes Steilgelände unterhalb der Waldgrenze mit jährlich wiederkehrenden Selbstauslösungen, und das in Höhenlagen knapp über 1000 m Seehöhe.
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Styrian avalanche service – danger scale 5 – more than 200 avalanches
Arnold Studeregger, Hannes Rieder
ZAMG - Steiermark, Austria
In 2005 Styria was affected by catastrophic avalanches like no other federal state in Austria. It began
with the passage of a cold front from 18-19 January 2005. This cold front started a phase of adverse
weather including partly heavy snowfall. From 2–4 February 2005 precipitation intensified. There was a
new snow depth of 120 cm in 24 h and a snow depth increase of 300 cm in four days in the range of
the Northern Alps. These amounts of new snow combined with the continuous Northern current
(warm front) led to the highest possible level on the International Avalanche Danger Scale. The
avalanche danger levels in Styria on 2 February 2005, 5 pm, along the Northern Alps as well as on the
Northern declivity of the Niederen Tauern avalanches were triggered which can be categorised as
once-in-a-hundred-years-events. Between 2 and 5 February 2005 there were more than 200 avalanches
registered in Styria. Large areas of protection forest were destroyed which led to the formation of new
avalanche tracks.
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A new iconographic avalanche bulletin for the Catalan Pyrenees: a beginning for a future
avalanche forecasting database
Glòria Martí, Jordi Pujol, Jorge Fleta, Carles Garcia, Pere Oller, Olga Costa, Pere Martínez
Institut Geològic de Catalunya, Barcelona, Spain
From 1989 the Geological Survey of Catalonia, at present Geological Institut of Catalonia has been
issuing daily avalanche bulletins in winter season. From that time until present new needs focused on
the comprehension of the avalanche bulletins has been thought as a motivation in order to change the
shape of the text bulletins. Furthermore building an avalanche forecasting database is one of the tasks
to be reached in main time. Because of these needs during the recent season 2008–2009 the first step
has been to issue a new bulletin based on icons using a new application based on xml format. In one
hand this development has allowed to provide more comprehensible and visual avalanche information
by distributing the contents in a hierarchical way. Thus the icons have been thought as an aid for
the end-user so, the information to be understandable and easy to keep in mind. At the same time, the
hierarchical structure allows the user to reach more detailed information step by step. From the
forecaster point of view the application allows to elaborate the bulletin in a friendly way. In addition
the build up of an avalanche forecast database will be able in future work by exporting the fields
of the xml application. The generation of automatic processes will enable to disseminate further
information: html, pdf, rss, sms, etc.
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Analyzing the environmental effects on the danger of avalanches using geoinformation
technology
Gerald Gruber, Andreas Hecke, Alfred Wieser
Carinthian University of Applied Science, Villach, Austria
Actual and high quality spatial data and information are the foundation in the daily workflow in a
common avalanche warning center. One essential activity is the analysis of spatial data every day. GIS
Technologies offer great capabilities to improve workflows of acquiring, storing, analyzing and
visualizing this spatial data. This paper will outline the potentials of GIS Technologies in detail using
the example of the Carinthian Avalanche Warning Center (Austria). The focus of the presentation will
detail how a GIS based raster model is used for evaluating spatial information of automated generated
weather station data. Based on reclassifying the meteorological factors precipitation, temperature and
wind regarding their influence on avalanche formation we propose a weighted overlay analysis.
Furthermore this basic evaluation of weather data is correlated to the terrain parameters slope, aspect,
curvature and altitude. The terrain data is derived from a Digital Elevation Model (DEM) in a resolution
of 10 m. Finally we visualize the results and provide a basic assessment of potential hazard zones.
The model was tested for the regions Hohe Tauern, Carnic Alps and Karawanken in Carinthia using
weather station data of February 2006 and our results were compared to the evaluation of the danger
zones reported by an avalanche expert in those days. Future developements are partitioning the
observation area in disjoint regions and calibrating the GIS model for each region based on its specific
weather and terrain characteristics. Using standard Web-GIS techniques we will provide optimized
maps as well as more sophisticated analysis possibilities.
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Integration of the snowdrift modelling into the French operational chain for avalanche
hazard forecasting
Gilbert Guyomarch, Yves Durand, Gérald Giraud
GAME/CNRM - CNRS/Météo-France, Grenoble, France
Over the last years, the Snow Study Centre of Météo-France (CEN) has developed several versions of a
model called Sytron for the assessment of the snowdrift events and their consequences on the snow
pack stability and the avalanche hazard estimation. These models are based on in-situ measurements
and observations: Sytron1 simulates the erosion and accumulation of two modelled snow profiles on
the opposite slopes of a virtual crest undergoing wind effects. This model takes into account the
modifications of snow morphology, the amount of snow moved by the wind, the densification of the
accumulated snow, etc. Sytron2/3 (based on the previous one) has been designed to simulate the snow
distribution on a limited domain by taken into account a modelled wind field. Both versions of Sytron
have been validated by using the data of an experimental site. In order to improve the operational
forecasting for avalanche hazard, a new version of Safran-Crocus-Mepra (SCM) including Sytron1 was
developed and first tested over 3 years on the Vanoise Massif. Then, this new version of SCM has been
evaluated over 3 massifs of the Isere department during the last winter season with the collaboration
of the local forecaster team. We will show the principle of the integration of snowdrift modelling into
the operational chain. We will also show preliminary results of the comparison with the current chain
by using the Mepra snow pack stability analysis and the evaluation of avalanche hazard made by the
forecaster, so as 2D simulations on limited areas.
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Estimating the success of artificially triggering avalanches with the combination of cluster
and discriminant analysis
Reinhard Fromm
Federal Research and Training Centre for Forests, Natural Hazards and Alpine Timberline, Austria
The weather conditions play an important role for the success of artificially released snow avalanches.
Statistical algorithms can be used to determine the likelihood of the occurrence of avalanches
which was shown in several previous studies. A homogeneous data set containing avalanche releases
and nivo-meteorological records over years are the basis for this reliable estimation. The use of
two statistical methods offers the possibility to analyse the data set in regard to specific weather
conditions. In the first step the cluster analysis selects days with similar weather conditions; so that
each day is assigned to a predefined group. In detail the k-mean cluster analysis is applied and
significant weather conditions are used for the definition of the initial conditions of each cluster so
that each group represents a typical weather situation (e.g. large snowfall, high air temperature).
In the second step the discriminant analysis is used within each group to separate between avalanche
and non-avalanche days. For each group the coefficients of the discriminant functions can differ. This
permits a best fit of the discriminant function depending on the predominant weather situation. By
using automatic weather stations the weather conditions at the release areas can be estimated and
therefor the discriminant function can be generated locally. The results of the statistical analysis using
observations of artificial released avalanches and records of automatic weather stations in a ski resort
will be shown.
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Common information platform for natural hazards in Switzerland
Ingo Petzold1, Peter Binder3, Cyril Perot1, Hans Romang3, Manfred Spreafico2, Sabina Steiner2, Jakob
Rhyner1
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WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
FOEN - Federal Office for the Environment, Switzerland
MeteoSwiss, Switzerland

With the increasing frequency of hydrological hazard events during the last years, also the problem of
combined rain-snow hazards has increased. The most remarkable event occurred in April 1999, shortly
after the intense avalanche phase, where a combination of intense rain and strong snow melt caused
high floods in many regions of Switzerland. A particular hot spot was the region of the Bodensee (Lake
Constance). This incident triggered an informal cooperation between the official Swiss warning centres
for the individual natural hazards FOEN (Federal Office for the Environment, floods), MeteoSwiss
(national weather service) and SLF (WSL Institute for Snow and Avalanche Research, avalanches). After
a series of further strong flood events, this cooperation became increasingly supported and pushed
by politically. A main outcome is a joint project to launch the so-called Common Information Platform
for Natural Hazards (“Gemeinsame Informationsplattform Naturgefahren”) GIN. The objective is
to achieve a system to allow a combined and user-friendly visualisation of safety relevant data in
real-time along with granting access to all warnings provided by these three centres. After the current
pilot-phase, the platform will be extended next year by public and private data providers as well as by
information on other natural hazards, such as earthquakes,. The functionality of the platform will
continuously be enhanced. The ideas and features of existing warning and information platforms such
as the well-established Intercantonal Early Warning and Crisis Information System IFKIS (for
avalanches), IFKIS-Hydro (for hydrological hazards) and MAP D-PHASE (for meteorological hazards)
will be integrated into the system and should replace them in the future. A further objective is to
strengthen the collaboration between the Swiss warning centres, particularly by the provision of joint
bulletins in critical combined events. In this way, GIN will become the central information hub for
natural hazards events in Switzerland.
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Using LIDAR (Light Distancing and Ranging) data to more accurately describe avalanche
terrain
Christopher M. McCollister1,2, Robert H. Comey1,2
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2

Bridger-Teton National Forest Avalanche Center, U.S.A.
Jackson Hole Mountain Resort, U.S.A.

The Jackson Hole Mountain Resort, located in southwestern Wyoming, U.S.A., is a Class A avalanche ski
area with a very active avalanche reduction program. In 2001 and 2002, around 250 in-bound starting
zones, along with representative class I through V slides, were digitized with a Geographic Information
System (GIS) using a combination of Global Positioning System (GPS) data, a 5 meter Digital Elevation
Model (DEM), and 1 meter black and white Digital Ortho Quads (DOQ). Currently, 30 meter DEMs and
1 meter color DOQs are available for most of the United States. These readily available spatial data lack
the detail to identify small slidepaths, and smooth slope and aspect calculations for larger, identifiable
slidepaths. In cooperation with the Bridger-Teton National Forest and Grand Teton National Park, the
Teton County Conservation District organized a LIDAR (Light Distance and Ranging) flight for the
southeastern Teton Range in the summer of 2008. One of the primary products of LIDAR data is very
accurate and precise bare ground DEMs. This project yielded a 1 meter DEM, along with 15 cm color
DOQs. This poster will show examples of raw LIDAR data and their products, which include hill shades,
and slope and aspect maps. The LIDAR data enables better definition of starting zones, slidepaths, and
avalanche reduction routes, which will also be presented. Finally, the slope and aspect products will be
compared to those derived from 30 meter DEMS. Ultimately, these data create more detailed maps for
archiving and displaying avalanche data.
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Using high resolution LiDAR data to estimate potential avalanche release areas
on the example of Polish mountain regions
Paweł Chrustek1, Piotr We˛żyk2
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The Jagiellonian University, Institute of Geography and Spatial Management, Poland; Voluntary
Mountain Rescue Services (GOPR), Poland; Anna Pasek Foundation, Poland
The Agricultural University of Cracow, Department of Forest Ecology, Poland

Mountains in Poland (with height over 500 m a.s.l.) cover only 3.1 % of total country area, so
avalanches are less serious than in alpine regions. This does not mean that it is not important. Each
year in Polish mountains brings a few fatal accidents caused by avalanches. The greatest tragedy
took place on 28 March 1968, when the avalanche in Karkonosze Mountain area killed nineteen
people. GIS technology is widely used for research on snow avalanches, mainly for creating avalanche
risk and hazard maps. This technology was also used for mountainous areas in Poland. First GIS risk
maps in Poland were created in 2004, for selected parts of the Tatra Mountains. The results seem to be
satisfying, so these activities start to be more common in other regions. The main goal of this study is
to compare different types of Digital Elevation Models (DEM), especially with high resolution DEM
generated from LiDAR (ASL) data, in the context of estimating potential avalanche release areas in
small mountain regions. Study shows how different digital data may influence predictions’ results. Test
sites in the Karkonosze Mountains, Sudety and the Tatra Mountains in Carpathian were chosen for this
study.
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Avalanche outline mapping with a digital GPS camera
Roland Meister1, Patrik Jeller2
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WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
Institute of Cartography, ETH Zürich, Switzerland

Avalanche outline mapping is important for danger verification, accident documentation or cadastral
filing. Beside conventional avalanche data (altitude, aspect, size, etc.) a general outline marked on
maps should be part of the avalanche survey. The experience shows, that manual mapping needs skill.
Field observers often are not familiar with manually drawing the avalanche outline on maps. The task
is delicate and time consuming. Terrestrial surveying instruments as laser scanners are expensive and
air- or spaceborned remote sensing methods are in their infancy. A flexible, low cost mapping system is
presented, which facilitates the procedure. Fotos, taken with a digital GPS camera, are faded in the
monitor panorama view of a digital terrain model after reconstructing position and direction of the
image with the camera specific Exif-informations. In the visualized central projection, the avalanche
outline can be designed easily in the distorting view and polygon data of the outline are stored
for further applications. First experiences show good results, when the camera is exposed correctly.
Although the orientation can be reconstructed. To gain perpendicular view in both, horizontal and
vertical axes, a tripod is advantagously used with spirit level to adjust. Freehand snaps are suitable too.
Some overall considerations to optical distortions show the accuracy of the system in relation to focal
length and distance to the object. A typical medium sized avalanche can be mapped with anaccuracy
three to four times better than conventional manual mapping.
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Detecting snow avalanches with seismic stations in North-East Italy: first results
of dataset analysis
Mauro Valt1, Damiano Pesaresi2,3
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ARPAV CVA -AINEVA, Italy
Ist. Naz. di Oceanografia e di Geofisica Sperimentale – OGS, Italy
Ist. Naz di Geofisica e Vulcanologia (INGV), Italy

The Regional Agency for the Environmental Prevention and Protection of Veneto (Agenzia Regionale
per la Prevenzione e Protezione Ambientale del Veneto, ARPAV) was established in October 2007 to
monitor and prevent environmental risks in the Veneto region, in North-Eastern Italy. The Italian
National Institute for Oceanography and Experimental Geophysics (Istituto Nazionale di Oceanografia
e di Geofisica Sperimentale, OGS), after the strong earthquake (magnitude M=6.4) occurred in
1976 in the Friuli-Venezia Giulia region, started to operate the North-East Italy (NI) seismic network:
it currently consist of 11 very sensitive broad band and 21 more simple short period seismic stations, all
telemetered to and acquired in real time in the Seismological Research Center (Centro di Ricerche
Sismologiche, CRS) of the OGS in Udine. In June 2007 OGS installed in cooperation with the Italian
National Institute for Geophysics and Volcanology (Istituto Nazionale di Geofisica e Vulcanologia,
INGV) a broad band seismic station in Agordo, a site located in the Dolomites mountains in the Veneto
region. During the last 2008/09 winter season, in the whole Dolomites, above the altitude of 1200 m,
between 250 and 350 cm of fresh snow have fallen: similar snowfall events occurred in the last 80 years
only in 1951, 1959, 1960 and 1979. The large amount of snow fell failed to consolidate and in the
Dolomites, the study area of this work, the spontaneous avalanche phenomena was very intense, with
several large avalanches reaching the bottoms of the valleys, and that were also detected by the OGS
seismic network: avalanches of such characteristics were not observed since February 1977 and January
1987. In this work we correlate seismic parameters (such recording lenght) with physical characteristics
of the avalanches triggering them (such runout).
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Dendrochronological reconstruction of spatial and temporal patterns of snow avalanches
in the Patagonian Andes
Alejandro Casteller1,2, Ricardo Villalba1, Veronika Stöckli2
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Instituto Argentino de Nivología, Glaciología y Ciencias Ambientales (IANIGLA), Mendoza,
Argentina
WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland

Snow avalanches are a major natural hazard in a large number of mountainous regions around the
world. Numerous roads and settlements in the Andes are located adjacent to avalanche tracks, for
which little is known about maximum extents or return periods. Utilizing dendrochronological
techniques, we were able to reconstruct occurrence dates and affected areas of past snow avalanche
events. Individual Nothofagus pumilio trees with visible damage of past avalanche disturbances were
sampled in the track, borders and run-out zones of 11 avalanche tracks located at “Loma de las
Pizarras”, Santa Cruz, Argentina. Our analyses indicate that scars, eccentricity variations in the wood,
abrupt growth changes and reaction wood are the main tree-ring indicators associated with avalanche
disturbances in N. pumilio. Based upon a quantitative weighting of the different indicators and on the
sampling height, we calculated an index of avalanche occurrences, which allowed us to determine for
each avalanche track the years with avalanche occurrences. Considering the avalanche activity at a
slope scale in the 11 studied tracks, the years with the largest number of events are 1936, 1966, 1978
and 1995. In addition, climatic records were analyzed in order to explore relationships between years
with avalanche activity and regional monthly variations of temperature and precipitation. We found
that the years with high frequency of avalanche events are significantly correlated with abundant
precipitation. The results of this investigation confirm the dendrochronological potential of N. pumilio
for reconstructing spatial and temporal patterns of snow avalanche events in the Patagonian Andes.
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Documentation and analysis of avalanche events
Siegfried Sauermoser1, Hannes Hübl2
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Austrian Avalanche Control, Innsbruck, Austria
University of Agriculture, Vienna, Austria

Huge avalanches are unfrequent. Therefore the documentation and analysis of these events are very
important for the enhanced understanding of avalanche dynamics and processes. However, snow is a
material that changes its behavior and appearance very fast and hence the documentation and analysis
of an event should happen as fast as possible. In the paper the importance of the enquiry to get good
data for further recalculation and deeper analysis of the event is shown. Typical types of hazard
features and damages are described and an interpretation of these phenomena is tried. The description and in particular the correct interpretation of such indicators is very important for reconstruction
of the occurred avalanche process. Reliable recalculation and deeper analysis of avalanches some times
later is only possible by providing real data, therefore the complete documentation is a very important
task. Some experience was made in the avalanche winter 1999 and the need for standardization of
documentation and analysis was shown. Since then a database and some standardization procedures
were developed in Austria and nowadays different kinds of natural hazards are collected in this
database in a standardized way.
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Snow and weather conditions study for the avalanches on the Lautaret pass road
(French Alps)
Daniel Goetz
Météo-France, France
The aim of the study, with a budget coming from the local council of the Hautes-Alpes departement,
was to establish the snow and weather conditions when avalanches occur on the Lautaret pass
road. For that, historical data of avalanche observations, supplied by the National Forest Office of
Hautes-Alpes and the CEMAGREF (Grenoble), were compared to the corresponding snow and weather
conditions. In the beginning, the study consisted in a statistical processing, with disappointing results.
For that reason, the study has become an expert analysis of the all 73 days with avalanche(s). To do
that, both modelled snow and weather data (French analysis model Safran) and local human
observations were used. On the other hand, the study period was restricted to 1983–1984 to 2005–
2006, in order that enough information was available. We got two kinds of results: (1) climatological
results: avalanche activity according to the corridor or to the family of corridors, variations in number
of avalanches during the study period (23 winter seasons), distribution during the winter season;
(2) expert results: determining of on-the-road avalanches types (5 kinds were identified: recent snow
avalanches, slab avalanches with snowfall, slab avalanches without snowfall, wet snow avalanches with
rain, wet snow avalanches without rain); connection between on-the-road avalanches and avalanche
hazard level (forecasted by Meteo-France); expert forecast rules, mainly intended for avalanche
forecasters who are in charge of Lautaret pass road surveillance.
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French avalanche research: Experimental test sites
Xavier Ravanat, Frédéric Ousset
CEMAGREF, Grenoble, France
1) The experimental site at the Lautaret pass: Since 1972, two sides of the Chaillol mountain are
operated at the experimental avalanche site located at the Lautaret pass (France). Three avalanche
paths are used during the artificial releases by explosives. The altitudes of the release areas range from
2400 m to 2600 m; the altitude of the run-out zones is located around 2100 m. Slope angles are close
to 45° in the release area and 30° in the avalanche flowing zone. Avalanches are released by gas
explosions (GAZEX and AVALEX) for two avalanche tracks, the release in the third one is operated by
explosive using electric shooting. A high-frequency data acquisition system is installed in a risk-free
instrumented shelter. The avalanche paths 1 and 2 are equipped with structures supporting instrumentation which aims at measuring the thickness, the depth velocity profile and the pressure of avalanche
flows. 2) The snow chute at the Lac Blanc pass: At the Lac Blanc pass, located on the Alpe d’Huez
ski resort at 2800 m, the ETNA research unit has set up an experimental device which allows us to
generate steady and uniform snow flows under entirely controled conditions, and to measure the flow
parameters: the mass flow rate, the flow thickness, the velocity profile, the shear and normal basal
stresses. These experiments are performed to develop an improved knowledge of the constitutive laws
governing the flowing snow, and allow us to calibrate the avalanche propagation models. The
experimental set-up consists of: (a) a ten meters long channel with a varying inclination and a snow
feeding system, (b) sensors to measure depth, velocity and stresses, and (c) a data acquisition system.
3) The Taconnaz avalanche path: Taking the upportunity of the new design undertaken for the
avalanche protection system at Taconnaz, the ETNA research unit has scheduled to equip two large
retarding mounds recently built, located at the top of the run-out zone, with sensors to measure
flow velocities and pressures, in the framework of the DYNAVAL interreg project.

Les sites Français d’expérimentations des avalanches
1) Le Col du Lautaret : Utilisé depuis 1972, le site exploite deux versants de la montagne de Chaillol.
Trois couloirs sont utilisés lors des tirs de déclenchement. Les altitudes de départ des avalanches sont
comprises entre 2400 et 2600 mètres ; Les zones d’arrêt vers 2100 mètres. Les pentes sont voisines de
45° dans la zone de départ et de 30 dans la zone d’écoulement. Les déclenchements s’effectuent à
l’aide d’exploseurs à gaz (GAZEX et AVALEX) pour deux couloirs, le troisième étant déclenché à
l’explosif par tir électrique. Un abri de mesure sécurisé héberge une centrale d’acquisition haute
fréquence. Les couloirs 1 et 2 sont équipés de dispositifs visant à mesurer le profil vertical de vitesse et
de pression dans l’écoulement. 2) Le canal d’écoulement de neige du Col du Lac Blanc : A 2800 m
d’altitude, au Col du Lac Blanc, sur le domaine skiable de l’Alpe d’Huez, l’unité ETNA a installé
un dispositif expérimental permettant de générer à volonté et sous contrôle total des écoulements
permanents uniformes de neige dans un canal et d’en mesurer tous les paramètres que sont le débit, la
hauteur, les profils de vitesse, ainsi que les contraintes. Ces essais ont pour but d’avoir une meilleure
connaissance des lois de comportement de la neige en écoulement, et de pouvoir caler les paramètres
des programmes modélisant les avalanches. Le dispositif comprend: (a) Un canal de longueur décamétrique à inclinaison variable et son alimentation en neige, (b) Les capteurs (de hauteur, de vitesse,
de contraintes), (c) Un système d’acquisition. 3) Le site de Taconnaz : Profitant de la réhabilitation du
dispositif de protection paravalanche de Taconnaz, l’unité de recherche ETNA projette d’équiper dans
le cadre du projet Interreg DYNAVAL deux des tas freineurs à l’amont de ce dispositif pour mesurer les
pressions et vitesses des écoulements.
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Density measurements in snow avalanche flow
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In a snow avalanche, force and temperature variations within the avalanche body act on the snow
continuously changing its density. Up to now, no density measurements in moving avalanches have
been performed. As a consequence, in avalanche dynamics, snow is assumed to be incompressible and
its density is estimated to be approximately constant. In order to quantify the error introduced by this
assumption, capacitance sensors have been installed at the Vallée de la Sionne test site and at the
Weissfluhjoch snow chute to measure density in the avalanche flow. The sensors are placed at different
heights in the flow and they are mounted on wedges designed to minimize flow disturbance and flow
compression. The sensors record the dielectric permittivity of snow and we calculate density by using
an empirical calibration curve. The calibration curve is obtained from a “snow press” applied on
representative snow samples collected close to the avalanche path. We present density measurements
performed on both dry and wet snow avalanches. Measurements show a complex signal structure,
which varies considerably between layers. Thus, as a first result, we show that density varies
significantly both in time and space and therefore the assumption of constant density is questionable.
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Comparison and complementarities of avalanche pressure measurements: piezo-electric
load cells and deformation based pressure deconvolution
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The impact pressure of snow avalanches have been measured at the Vallée de La Sionne experimental
test site (Switzerland) using two different types of sensors. The first sensors consist of traditional
piezo-electric load cells, with area of 80 cm2 (diameter 10 cm), installed on the uphill side of an
instrumented pylon. A second “mechanical” type of sensors consists of a 125 cm2 (5 x 25 cm2) steel
cantilever beams installed to the side of the pylon at different heights and extending into the
avalanche flow. The beams are equipped with high precision strain gages to record the deformation
histories during the loading by the avalanche. Pressure is reconstructed from the measured
deformation by deconvolution using a frequency response function (FRF). The FRF is calculated from an
Euler Bernoulli beam model and validated by impact hammer in-situ tests. Pressure values measured
in the same avalanche by both sensors are compared and discussed in terms of sensor form, location
and some other relevant parameters. As the two sensors are located pair-wise close to each others and
their surfaces are differently oriented with a deviation angle of 23 degrees, the two measurements
may be combined to retrieve the resultant vectorial force acting on a given surface. We estimate the
modulus and the orientation of the force and discuss changes in these variables for different flow
regimes.
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Automatised range-gated Doppler radar measurements of a spontaneously released
avalanche at the Vallée de la Sionne test site
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Range-gated Doppler radar measurements provide decisive information about the motion of an
avalanche along the avalanche track. However, up to now, such measurements have been depending
on artificial avalanche release: the device had to be started manually at the time of avalanche release.
We present an automatised Doppler-radar setup that is installed at the shelter of the Vallée de la Sione
test site. The radar measurement is automatically triggered by the geophone triggering device of the
test site and autonomously performs range-gated Doppler radar measurements of the avalanche
velocity along the track. After shortly lining out on the principle of range-gating in Doppler-radar
measurements and on the analysis procedure, we present Doppler-radar data of an avalanche that
spontaneously released at the Vallée de la Sionne test site on 17 March 2009. In particular, we track the
time evolution of the avalanche velocities in the range gates along the avalanche track to obtain a
coherent picture of the avalanche motion from the evolved state to its standstill.
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High-speed video recording in snow chute experiments
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New technologies like high-speed video recording give new insights into the flow properties of snow.
We present results of experiments conducted in the last three winters at the SLF snow chute at
Weissfluhjoch Davos. Time dependent flow-normal velocity profiles obtained by the high-speed movies
are compared to measurements with optical velocity sensors. All measured velocity profiles show very
high shear rates near the ground. The height of the highly sheared zone depends strongly on snow
properties. Above this highly sheared zone the shear rates decrease significantly tending to zero for
certain snow types. Simultaneously shear and normal forces are measured on the running surface
of the snow chute. Although the force patterns differ from experiment to experiment due to different
snow conditions and due to different filling of the chute the quotient of measured shear force to
measured normal force stays almost constant for significant flow heights of the avalanche. Its value lies
in a range between 0.2 to 0.4 for dry, light snow and between 0.4 to 0.6 for heavy, wet snow.
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Scaled laboratory experiments on the evolution of fluidised avalanches
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Scaled chute experiments with avalanche-like flows of dry granular matter have proven to be a useful
tool for the design of technical avalanche protection measures. However, the characteristics of the
generated model avalanches have been restricted to the dense flow state. We use a 8 m long and 1 m
wide laboratory chute with variable inclination to generate avalanche-like flows that exhibit typical
avalanche features such as a rotational head, fingering of the front and a distinct fluidised suspension
layer: by careful choice of model materials and boundary conditions, we have been able to access flow
states where air drag plays a significant role. The model avalanches are characterised in terms of
flow height, basal flow velocity and by the 2D velocity field derived from a PIV analysis of high-speed
camera recordings of the flow through a transparent side-wall of the chute. Furthermore, we
characterise the model flows by dimensionless quantities such as Froude-, Stokes- and Reynolds
numbers. The results indicate that the values of some of the dimensionless characteristics of the model
avalanches match those of real-scale powder avalanches. High-speed video recordings of the impact of
the model avalanches on a scaled snow net demonstrate that the snow net holds back a significant
part of the avalanche mass and that the flow state of the mass penetrating and overrunning the snow
net undergoes a transition from super- to subcritical flow behaviour.
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Fundamental studies on applications of MPS method for computing snow avalanches
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This study presents some considerations on the applicability of MPS method for snow avalanches. MPS
method is a powerful tool to reproduce flow phenomena with large scale surface deformation.
In order to apply this method to snow avalanches, we modified the original model to introduce a
constitutive equation of Bingham fluid and effects of drag force due to air. The modified model was
applied to some simple cases and evaluated the model performances through comparisons
with experimental results. Then, the modified model was applied to the snow absorbing frame. The
computational results showed that the present model can capture the fundamental aspects of
snow avalanche phenomena.
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Discrete element modelling to compute drag coefficients of obstacles impacted by granular
flows
Lionel Favier, Dominique Daudon, Frederic Donze, Jacky Mazars
Laboratoire Sols Solides structures et Risques, Grenoble, France
Passive-protection structures against natural granular flows (snow avalanches, debris flow) are
designed with rough estimas of their drag coefficient. The purpose of this research is thus to propose
numerical tools based on discrete element method (DEM), which can give us the possibility to reach
inner flow properties, overcoming the experimental limitations. A tridimensional discrete element
modelling of a granular material flowing in a canal was developed. For the model validation, smallscale laboratory experiments were conducted. The experimental surface flow properties, as wall
velocity profiles and thicknesses (estimated from image processing), and the impact load against a
normal obstacle were measured during the stationary regime of the flow, and compared successfully
with the numerical results. Optimization of the model was made through the simple tool named
“granular launcher”. Time computation is hugely decreased, and the initial flow parameters (velocity,
density, thickness) are controlled. Using same averaged flow properties obtained with the main model
as initial parameters in the granular launcher, we obtained similar impact loads during the stationary
regime for both models, which validated this tool. So, the granular launcher was used to study the
influence of various physical parameters on the drag coefficient. Between them, the most important
effects were found in the case of a variation of the Froude number (in the range 1.6–11.2), dimensionless number comparing inertia and gravitational forces within a flow, and the local adhesion.
The results highlighted the increasing contribution of the inertia in relation to the gravitational
contribution, as the Froude number is increased. It was also shown that increasing local adhesion
tends to thicken the contact network and to increase the contact persistency. Consequently, local forces
between elements are more effectively transmitted towards the obstacle, which finally leads to an
increase of the drag coefficient.
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A granular shear model for dense avalanche flows: Simulation of the Vallée de la Sionne
CB 1 avalanches Nos. 509, 816 and 917 with RAMMS
Perry Bartelt, Marc Christen
WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
Avalanches Nos. 509 (7.2.2003), 816 (6.3.2006) and 917 (26.3.2008) are three medium sized, mixed
flowing avalanches released from the Creta Besse 1 (CB 1) starting zone of the Vallée de la Sionne test
site. Information concerning the release and entrainment volumes, leading edge velocity, internal
velocity, flow heights, deposit distribution as well as avalanche granulometry is available for these
avalanches. We used the numerical simulation model RAMMS to simulate all three avalanches, using
both the standard Voellmy model and a newly developed constitutive model that relates frictional
shear to the kinetic energy associated with the random movement of the snow granules. Because the
avalanches released from the same starting zone, we were able to ascertain how starting mass,
entrainment and snow properties influence avalanche speed and mass deposition. We were able to
predict maximum flow velocities and flow heights with the Voellmy model, but not the evolution of
avalanche velocity from head to tail. By accounting for the influence of random kinetic energy on the
flow friction we could accurately calculate the speed and duration of the avalanche front as well as the
near steady-state behaviour of the slow moving avalanche tail. We were therefore able to better
predict the deposition and stopping behaviour of the avalanches using constitutive coefficients based
on the Vallée de la Sionne measurements. The case studies reveal the limitations of the constitutive
models and where model improvements are necessary in future.
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Dynamic avalanche modeling in natural terrain
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The powerful avalanche simulation toolbox RAMMS (Rapid Mass Movements) is based on the
depth-averaged hydraulic system of equations with a Voellmy-Salm friction relation. The two empirical
friction parameters μ and ξ correspond to a dry Coulomb friction and a viscous resistance, respectively.
Although μ and ξ lack a proper physical explanation, 60 years of acquired avalanche data in the Swiss
Alps made a systematic calibration possible. RAMMS can therefore successfully model avalanche flow
depth, velocities, impact pressure and run out distances. Pudasaini and Hutter (2003) have proposed
extended, mathematically rigorously derived model equations accounting for local curvature and twist.
A coordinate transformation into a reference system, applied to the actual mountain topography of
the natural avalanche path, is performed. The local curvature and the twist of the avalanche path
induce an additional term in the overburden pressure. This leads to a substantial modification of the
Coulomb friction, the free-surface pressure gradient, the pressure induced by the channel, and the
gravity components along and normal to the curved and twisted reference surface. This eventually
guides the flow dynamics and deposits of avalanches. In the present study, we compare the friction
parameters obtained by using the simulation of the extended model equations of Pudasaini and
Hutter with those of the standard Voellmy-Salm formulation in connection to the RAMMS software.
To do so, RAMMS is improved by incorporating the topographic effects. Real events of the Swiss
avalanche database are simulated, and compared against the laser scanning data of avalanche
deposits. Our analysis provides yet another step in interpreting the physical meaning and significance
of the friction parameters used in the RAMMS computational environment.
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National park, Slovakia
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Without doubt avalanche runout distances play a key role in landuse planning within avalanche prone
areas. The Ziarska valley in Western Tatras is considered as one of the most avalanche prone valleys in
the whole area of Carpathian Mountains. This environment represents a perfect opportunity for
studying and modeling extreme avalanche runouts. The valley is frequently visited by backcountry
skiers as well as roads and several cabins are located there. Therefore a careful land use planning with
respect to extreme avalanche runout is crucial. First of all avalanche release zones were estimated by
using an existing model proposed by Hresko. This model was changed and calibrated using avalanche
data extracted from a database which is maintained by Slovak Centre for Avalanche Mitigation. The
alpha-beta regression model developed in Norway has been used for estimating avalanche runouts.
This model is calibrated for use in Western Tatras. Topographical parameters from well known extreme
avalanche paths have been collected using GPS. Data processing and model calibration have been
elaborated in GIS environment. GIS has been also used for calculation of probable avalanche runout
distances. Acquired model variables have been compared with variables from different mountain
ranges. Finally the results were visualized by creating the fly-through simulations and 3D views. Winter
season 08/09 with catastrophic avalanches showed the importance of avalanche runout modeling.
Many installations have been damaged due to improper land use planning without respect to extreme
avalanches. Comparison between model calculation and extreme avalanche events from winter season
08/09 showed correlation.
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Regional methods for snow avalanche prediction: the case of Italian Alps
Daniele Bocchiola
Politecnico di Milano, Italy
Regional statistical methods carry considerable bearing on prediction of natural events, including snow
avalanches in mountain ranges. These methods trade the time variability of the involved variables
for their spatial distribution and increase sample dimensionality for model estimation, so coping with
shortness of usually available data base as compared to the high return periods required for hazard
mapping. In turn, regional methods require accurate assessment of homogeneous regions, where data
pooling can be carried out. In the Italian Alps, the guidelines set out from AINEVA association, inspired
to Swiss Procedure, endorse hazard mapping based on design avalanches with release depth predicted
using the three day snow depth H72 with return period up to 100 years. Considerable uncertainty is
entailed in such prediction, due to the average length of the observed H72 series, of twenty years or
so. Here, I illustrate the application of a regional approach based on index value to predict H72 for
a case study area of Northern Italy. I then show use of a regional method to estimate daily avalanche
series. First, I calibrate a regional statistical model to simulate daily snow fall, and thence H72. I then
use data from avalanche sites to evaluate avalanche release probability, volume and runout, and show
application of the method for the same site. The regional approach allows prediction of avalanche
hazard and also increases our knowledge of avalanche dynamics in time, e.g. for study of their
ecological and morphological effects.
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CLPA – Reflection on the quality of the testimonies collected during a field investigation
Romain Gaucher, Mylene Bonnefoy, Xavier Pasquier-Bernachot
Cemagref, Grenoble, France
A catastrophic avalanche occurred in 1970, and killed 39 people in a tourist center located in the ski
resort Val d’Isère, Savoie, France. In reaction, the french government gave Cemagref named at this
time CERAFER (Grenoble, Isère) the responsibility of developing avalanche mapping in the whole
french mountains, which is the CLPA (localization map of avalanches phenomena). The scope of the
project is based on two distinct methods. The first one consists in an expert approach with photo
interpretations and observations on sites to find avalanche signs in landscapes. The second is turned on
historical phenomenon. Information is taken from archives and witnesses memories. We find our
information by interviewing people who live and who work in mountains (forest office, ski resorts
managers, inhabitants…). Data collected are often very ancient, variable or conflicting. Therefore, we
are now considering the question of the quality of testimonies, and trying to find unbiased criteria to
value it. For example, we try to test the precision of the information in asking several times the same
question in different ways. We also consider the fact that the witness may have an interest to minimize
or emphasize information. This problem is now in the center of our reflections in order to improve the
quality of our product. We could present a poster about the principals and methods of the CLPA, its
uses, its limits and perspectives of evolution concerning the testimonies collected.
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The paper describes a procedure for the determination of snow avalanches Hazard Map developed
after the observation, over some years, of the behaviour of some avalanches sites located near Trento
(IT). The dynamic of granular avalanches is simulated by means of a 1-D numerical model with variable
width, based on the rheology of Savage and Hutter. The snow mass of the avalanche is defined
estimating, statistically, the seasonal precipitation of fresh snow and snow density, and estimating the
surface of the accumulation catchment. To the above mentioned parameters are assigned different
values associated to different return periods. The physical parameters of the numerical and mathematical model are calibrated on the basis of the knowledge of extreme events, when available, to
whom is associated, arbitrarily, a return time. The physical parameters vary along the flowing and the
stopping zones depending on the return time and on the roughness and slope distribution along
the flowing channel depending especially on previous avalanches events. It is hypothesized that, in the
stopping area, the avalanche can follow different trajectories, defined on the basis of the local
topography and on the assumption that the most likely trajectory can be modified by unpredictable
causes of deviation. The criterion used for the definition of areas subjected to different hazard
degree is the stopping distance. The hazard zone is divided in three areas associated to three different
return periods.
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The solid ortho-image: a new tool to identify avalanche terrains
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In mountain areas the correct identification of avalanche terrains is mandatory in order to avoid, or at
least prevent, avalanche accidents in inhabited areas. Moreover, the localization of these terrains is
also useful in remote areas with the purpose of increasing the overall knowledge of the investigated
territory and in the prevention of avalanche accidents during tourist or generally outdoor activities.
Generally, the identification of avalanche terrain in large areas is carried out through stereovision
devices with aerial images. This approach needs the use of specific software and hardware in order to
accomplish the analyses in the best way. The solid ortho-image is a new image that can improve terrain
analysis allowing the operator, whether skilled or not in photogrammetry, to accomplish complex
analysis. The solid image conjugates in a unique support the chromatic information of a traditional
photogram and the three-dimensional one of a digital terrain model. By moving the cursor on the
image the operator is thus able to spot avalanche terrains by image interpretation but is also helped
by the three-dimensional content of the support; the final output is a 3D plotting of avalanche areas.
These data can be directly employed in avalanche mapping or as input in avalanche modelling.
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The current state of avalanche risk analysis and hazard mapping in Uzbekistan
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The mountain and foothill regions of the Uzbekistan Republic occupy about 12 % of the country. They
are located in the East and South - East (Tien-Shan and Gissaro-Alay mountains). The development
and recreational activities in the mountains are threatened because of frequent, highly destructive
avalanche activity, which is widely spread over the mountain terrain. Therefore, it is necessary to
develop a general mean scale map assessment of avalanche danger. Such a map is an informative tool.
It takes on special significance for representation of avalanche characteristics and patterns and possible
damage. Accordingly avalanche hazard maps are important for decision making about risk assessment.
The objective of this paper is the presentation of some preliminary results of this avalanche danger
mapping. New criteria for potential hazard evaluation were developed for the specific conditions of
Western Tien-Shan mountain regions. The modern geographical information technologies allow
automation of the process of identification of avalanche prone zones as well as processing of different
types of information such as topographic maps of different resolution, satellite images, field
observation data, and other types of data. It is assumed in this work that potential avalanche danger
exists irrespective of the extent of human activities and future development projects in the mountains.
However, an actual avalanche risk appears only when human activity is present in close vicinity to
avalanche prone areas. The application of collected information about the regime and spatial pattern
of avalanches and preceding meteorological conditions are included in a database with a digital
elevation model allowing avalanche risk assessment for little-studied remote areas of the mountains of
Uzbekistan. This work represents the beginning of a collaborative avalanche danger assessment project
with the University of Colorado, with funding provided by the Civilian Research and Development
Foundation (CRDF).
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First experiences in applying the “Swiss Guideline to account for avalanche hazard
of ropeways in ski areas”
Mark Schaer, Stefan Margreth
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Ropeways in ski areas are often exposed to avalanches. The new Guideline elaborated by SLF fixes
principles and procedures how to account for avalanche and snow pressure hazards. There are two
main subjects: first it assures safety for the public, and second it defines standards to determine the
avalanche and snow pressure forces acting on the structures. To ensure structural integrity, the Guideline defines ‘normal’ and ‘extraordinary’ design avalanches, as well as static snow pressure, which have
to be considered in the structural analysis. To avoid avalanche hazards on ski-runs, temporary safety
measures are a commonly used method. However, avalanches incidents on ski runs show that there is
always a residual danger, which cannot be neglected. Therefore, for exposed areas with possible
gathering of people (e.g. terminal stations), the Guideline requires an additional safety margin: it must
be ensured that spontaneous avalanches with a return period of 10 years will not reach these areas.
Ten years application of the Guideline in consulting work for new and existing ropeways shows that
the defined standards can be regarded as appropriate for the vast majority of cases. The winter 2008–
2009 provided some avalanche events that allowed for a first full-scale test of ropeways designed
according to the Guidelines. We will show typical examples of hazard assessments and proposed safety
measures for ropeways.
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Finite element models and sensitivity analyses of the vulnerability of an avalanche
protection gallery
Dominique Daudon1, Julien Baroth1, Patrycja Szczurowska1, Ma Ying2, Pascal Perrotin3
1
2
3

Laboratoire Sols Solides structures et Risques, Grenoble, France
LGGE, Grenoble, France
Laboratoire LOCIE, Chambery, France

The present study has been developed under the ANR OPALE program dealing with the characterisation of the real avalanche loading and vulnerability of protecting structures. Our work focuses on the
protecting shelter (ou shed) against snow avalanche impact located on the department road n° 117
near Saint Martin de Belleville. The 490 m long gallery is placed on the average altitude 2100 m, and is
composed of reinforced concrete sub-structural elements (beams, columns, foundations) and a roof
slab. Horizontal and vertical structures elements are modelled using a finite elements code. Under
different avalanches loads: a real measured dynamic one and some other static loading to complete a
comparison of the response. The first part study, using non linear and damaging behaviour laws, is
done under two finites elements code: Feadeas for the horizontal beams with multifiber Timoschenko
1D elements, and Abaqus for the vertical colons with 3D quadratic elements. Comparison of maximal
displacements, stresses in concrete and in rods, and finally damage zone demonstrates the needs of a
dynamic consideration in the design of this kind of structures. The sensitivity of the FE model of
the upper column is studied to quantify the influence of loads and concrete properties. We propose an
applied version of the Lagrange method where the mean value and standard deviation are
approximated by a 4 points integration scheme. Input uncertain parameters such as Young’s modulus
of concrete, amplitude of avalanches (static equivalent or normal and tangential dynamic), are
modelled by random variables following a log-normal law. Output mechanical responses considered
are maximal stresses in concrete (tension and compression), maximal displacement and plastic traction
strain (steel rods). Approximating means and square deviations of output parameters vs. input
parameters, conclusions about the behaviour of the column can be deduced.
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Three years snow net project Hafelekar/Innsbruck
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This paper gives information about the results of three years snow net project at the Hafelekar at
2250 m a.s.l. above Innsbruck/Tyrol, performed by the Federal Service for Avalanche and Torrent
Control (WLV) in cooperation with the Federal Research and training Center for Forests, Natural
Hazards and Landscape (BFW) in Innsbruck. At present in Austria snow net systems as an avalanche
protection measure are very rarely in use. Therefore a test site at the Hafelekar above Innsbruck was
installed to analyse the systems of different companies. Especially the difference between the triangle
net types and the rectangular net types was one of the major points of interests. On this test site
extensive measurements of the forces in the snow nets are installed to obtain extensive information of
the forces in the different net systems. Based on the experiences in France and in Switzerland with the
snow net measurements this project provides additional and further data of the forces on the snow
nets systems. Measurement data comprise time series of the pressure on the poles, the tension forces in
the wire-ropes and the change of the geometry during the winters. Additionally tests with the anchors
and the analysis of the materials in terms of corrosion protection have been performed and will help
to estimate the durability of the different systems. Up to now measurement data of three winters with
different snow heights have been collected. The measurements showed no major problems with the
distribution of the forces in the measured systems. These findings from the test site at the Hafelekar
should help to define an Austrian guideline for snow nets.
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Avalanche risk in a changing climate – Development of a landslide and avalanche risk model
Heidi K. Bjordal, Jan Otto Larsen
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In Norway approximately 2000 landslides and avalanches affect the road network every year. The
majority of these are small rock falls (56 %), followed by snow avalanches and ice falls (both 16 –17 %).
The last 10 years 13 people have been killed in snow avalanches and rock falls. Projected climate
changes will give a milder and wetter climate in Norway with more extreme weather events. These
changes are expected to affect the avalanche and landslide frequency. In order to adapt to expected
climate changes, the Norwegian Public Roads Administration initiated a 4-year R&D programme in
2007. One of the main topics in the programme is landslides and avalanches, and how climate changes
are expected to change the probability for and frequency of these events. Within the subject of
avalanche and landslide risk on the road network, the level of acceptable risk has not been established.
A general vision of zero killed on road accidents is a guideline, but of little practical use. The level of
acceptable risk is therefore defined in every individual project, and might be randomly chosen. In an
attempt to describe the avalanche and landslide risk more thoroughly and develop a better basis for
deciding a level of acceptable risk, a risk model concerning these conditions has been developed. The
model is still in a premature state, and testing on certain road sections will be done in near future.
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Avalanche protection for construction site
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The Linth valley is located in the eastern Alps of Switzerland approximately one hour away from
Zurich. At the deepest end in Linthal exists a hydro power plant with an artificial lake. The project
„Linthal 2015“ involves the construction of a second storage lake at an altitude of 2500 m a.s.l. and the
connection of the two lakes to get a so called pumped-storage power plant. The planned pump and
turbine power is 1000 MW. Several construction sites are located in the area at an altitude between
900 and 2500 m a.s.l. which are operated 24h/7d. Workers and infrastructure as cable ways, digging
machines etc. has to be protected against natural hazards. Since the construction site has snow from
October until May and the different working sites are exposed to avalanche slides, the avalanche
prevention is of utmost importance. The avalanche prevention is a central element for the working site
management. The builder company has installed an organization which analyses the relevant data like
weather forecast etc. and decides about possible measures like artificial avalanche release or even
closing of the site. Protective structures were established, automatic weather stations were installed
and avalanche blasting is done with remote controlled systems and by helicopters. Since in the past the
area was not of interest and deserted in the winter, all experience with snow, weather and avalanche
has to be built up new. After the first winter, there are many interesting findings and ideas for the
future.
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Avalanche problems, their effects on roads and ski resort planning studies in Sivrikaya Ovit
mountain pass in eastern Black Sea region of Turkey
Omer Murat Yavas, Gökhan Arslan, Zafer Yazici, Sinan Demir
General Directorate of Disaster Affairs-Turkish Republic, Turkey
Sivrikaya-Ovit Mountain Pass which is located in Rize province at Eastern Black Sea Region is one of the
most important road contact between Eastern Black Sea Region and Eastern Anatolia. This road passes
through Black Sea and Kaçkar Mountains. 2650 m elevation road is closed due to heavy snowfall and
avalanche along 7 months of the year (from mid of October till the mid of May). Road is the closest
road to the inland among other alternatives. Aim is open the road along a year safely. Prevention
studies started several years ago. General Directorate of Disaster Affairs (GDDA) prepared an avalanche
danger maps and determined prevention structures with sizes and locations. Two avalanche tunnels
from these structures constructed, others will constructed in a few years by General Directorate of
Highway. Measurements (snow depth and snow profile) realized by GDDA. According to measurements, minimum snow depths are 55 cm in Çamlık at 1600 m, 135 cm in Sivrikaya Village at 1800 m,
285 cm at 2200 m and 388 cm at 2650 m. Maximum snow depths reach 200 cm at 1800 m and 600 cm at
2650 m. Besides, Ovit Mountain Ski Resort Center is planning to realize at the pass with the same
name. Feasibility and avalanche reconnaisance finished of the area. Planning stage is almost finish in a
few months. Area is suitable for all level skiers and snowboarders. This center will be ready nearly. This
study include measurement, prevention and ski resort planning studies on Sivrikaya-Ovit Mountain
Pass.
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Web-based tool to support local avalanche services with hazard evaluation
and documentation
Sibylle Möhle, Lukas Stoffel
WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
Local avalanche services need to gain a quick overview of avalanche danger and snow condition. For
this purpose, they have access to data retrieved by automatic stations and local observers. Own
observations in combination with these data allow an estimation of the further development of the
situation. A guideline was developed by the Swiss Syndicate of Avalanche Warning Systems (SILS) and
WSL Institute for Snow and Avalanche Research SLF which describes the organisation of an avalanche
service and the hazard evaluation. Additionally, a web application has been developed which supports
this process and allows the documentation of decisions taken, e.g. the closure of roads or the artificial
release of avalanches, together with the data retrieved and the estimation made. The main goal of
the application was to make the hazard evaluation as efficient and structured as possible. Second goal
was the documentation of decisions taken (or not taken). This application is intended as a support for
avalanche services. It can be adapted individually and may be used additionally to own forms. It has
been tested during winter 2007/08 and has gone operational in 2008/09. We will inform about user
feedback and give an outline of further development.
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Evaluation of avalanche warning strategies for traffic routes using signal detection theory
Christoph M. Rheinberger, Jakob Rhyner
WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
In mountain ranges around the globe warning services are operated to protect settlements and traffic
lines in avalanche prone regions. In times of high avalanche danger, these services may decide to
close a road or to evacuate a settlement. Their decisions are based on four pillars: field observations,
experiences of the service operators, forecasts issued by weather services and avalanche release
statistics. These decisions are characterized by large uncertainty induced by both the spatial variability
of the snowpack properties and the insufficient understanding of avalanche triggering. Therefore,
the knowledge upon which avalanche services have to base safety-relevant decisions is incomplete at
best. In this paper, we will outline how signal detection theory can be applied to make better use
of the information that avalanche warning services have at hand. The proposed strategy allows (i) to
evaluate past decisions on road closures and (ii) to improve the performance of avalanche warning
services given their diagnostic ability. We will exemplify the use of the strategy analyzing closing
decisions by two Swiss avalanche warning services.
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A new evaluation tool for of the exposure to the avalanche risk for the roads
François Rapin1, Philippe Bouvet2
1
2

Cemagref, France
RTM Hautes-Alpes, France

Many avalanche paths threat road courses. During a general protection study, it is thus necessary to be
able to compare the situations of risk. The open MSExcel file developed at the end of 2008 identifies
29 independent questions for the avalanche hazard (morphology, history, snow climatology) and
13 questions for the road vulnerability. It establishes for each one of them a scale of values and a
weighting. It then provides a value pointer for the hazard exposure, for the vulnerability and for the
avalanche risk exposure. The structured comparison of the sites therefore becomes immediate and
was thus carried out on 55 avalanche paths. Is it a road Avaluator?
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Experiences on a storm causing avalanche cycles in south-west Norway
Njål Farestveit, Sara Skutlaberg
Norwegian Public Roads Administration, Norway
Norway has the 2nd and 3rd longest fjords in the world, namely the Sognefjorden (203 km) and
the Hardangerfjorden (179 km). Due to the long coastal line in Norway towards the North Atlantic Sea,
combined with the old Caledonian mountain range striking from north to south, orographic
precipitation as snow falls in great amounts during the winter. Small and major roads, both along the
fjords and over the mountain range, have avalanche problems. The authors would like to highlight
some of the avalanche challenges. A case study of an incident that took place during the winter
2007/2008 is considered in this presentation: The main road E16 interlinks the 2nd largest city, Bergen,
and the largest city, Oslo, the capital of Norway from west to east. During the winter of 2007/2008,
due to the Sondre storm cycle, several avalanches blocked the road and trapped cars for two days.
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Avalanche risk management along roads – Case study of Highway 15 “Strynefjellet”,
Norway
Michael Bründl1, Krister Kristensen2
1
2

WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
Norwegian Geotechnical Institute NGI, Oslo, Norway

Reliable and safe road transport has become increasingly important to society during the last years.
In mountain regions roads are often endangered by natural hazards like debris flows, land slides and
snow avalanches, posing a threat to road users and disrupting the chain of logistics for modern
production companies. Therefore, measures are necessary to reduce these effects. In western Norway
the national highway 15 is the main artery that connects the west coast regions of the Førde-MåløySunnmøre area with the main north-south transport corridor, the European highway E6. It is the only
ferry-free connection to the east from this region and possible detours are considerably longer. To
reach eastern Norway, the road has to cross Strynefjellet, which is part of the main east-west water
divide of the Scandinavian Peninsula. The 922 m long unprotected stretch of road in Grasdalen has a
high frequency of avalanches reaching the road and only limited protective measured are realized.
Because of the increasing importance of the highway 15, additional mitigation measures are under
discussion. Decisions about the realization of mitigation measures are nowadays based on quantitative
risk analysis. In this study a risk-based methodology for planning of mitigation measures is presented
which highlights the meaning of varying traffic frequency and different type of vehicles as reason for
risk peaks during a specific time period. Uncertainties as an inherent part of risk analysis are also taken
into account. This study suggests that risk based planning can help in realizing comprehensible concepts for avalanche risk management on roads.
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Handling of avalanche risk for the “Bonaigua” and “Beret” roads, Aran valley, Spain
Jordi Gavaldà, Ivan Moner
Conselh Generau d’Aran, Spain
The Aran Valley, located on the northern side of the Central Pyrenees, is one of the areas with the
highest rate of avalanche risk of the whole mountain range (52 % of the Aranese territory is affected).
Not only are high mountain areas exposed, but also 6 population clusters and 3 main roads. On
the roads with which this paper is concerned, a combination of temporary and permanent protective
measures is applied. Over a total of 31.5 kilometers there is a total of 82 avalanche prone areas
(affecting 63 % of the road), of which 32 present at least a yearly frequency. Most of the slopes
affecting the road are south faces, with elevations between 1600 and 2300 meters. Until the year 2003,
the risk on the road was handled on the basis of the regional avalanche danger advisory. In the
winter of 2003–2004, a local forecasting system was set up. In order to do so, a snow and weather
observation network was implemented and a specific danger scale - adapted to the needs of the
handling of the road – was developed. In the winter of 2008–2009, a helicopter based triggering
system has been set up, using the Daisybell device. The implementation of a local forecasting system
has represented an improvement of the traffic flux and of the safety of the road. The Daisybell triggering protocol has proved useful whenever: a) triggering can take place immediately after the snowfall;
b) the wind during the snowfall has not been too strong.
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Total safety in mountain passes
Jürg Rocco
Pro Flüela, Davos, Switzerland
This paper is by particular reference to the Flüela Pass near Davos. Using classic theory we set a vision
and then analyse, make choices and implement. Our vision is to provide total safety to road users,
our workforce and to have a zero impact on the environment. We analyse factors including: snow
temperature, weather reports, amount of snow (IMIS), personal observation, avalanche occurence,
forecasts (dange level), path history, experience, wind speed and direction, recent activity, regional
situation, danger zones (recent activity), expected frequency. In regard to choices two primary
decisions must be made: 1) To continue with work/open the road, 2) To close the road and/or prevent
further work. Secondary decisions involve: 1) What work should be carried out and when, and
2) What further reviews are necessary before further work is committed to. A detailed risk assessment
is continually carried out blending all elements of the analysis above and then assessed against a classic
grid of suitability, acceptability, and feasibility. Suitability: Would the action make a safe opening of
the road more likely? Acceptability: Against a criteria of total safety is any proposed action financially
viable? Feasibility: Can a potential action be carried out e.g. are the equipment/skills available?
Implementation: Having decided what we want to do, we then carry out the necessary actions in an
environment of total safety. Inevitably this means a continued process of further analysis and choosing.
Implementation naturally involves substantial training.
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Artificial avalanche release above settlements
Lukas Stoffel, Stefan Margreth
WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
In the Swiss Alps avalanche control with triggering by explosives is widely used in ski areas and also
along traffic routes. New methods for artificial avalanche release have been developed during the last
years. Autonomous devices allow remote triggering of avalanches independently of visibility and with
a good detonation effect. In Switzerland the standard methods for protecting settlements are snow
supporting structures and earth dams. Some endangered settlements or group of houses still have no
protection with structural defence measures due to high costs. At some of these locations, artificial
avalanche release has been applied successfully since the 1950s. Local avalanche control services are
interested in improving the safety measures. Therefore the application of artificial avalanche release
for the protection of settlements is also discussed for new locations. In general, artificial release above
settlements should be applied with extreme caution and should remain an exception. The main risk of
artificial release above settlements is triggering a too large avalanche causing damage. For such
applications the avalanche situation must be studied in detail. Important points are the evaluation of
the terrain features in regard to the effectiveness of artificial avalanche release, the potential for
triggering secondary avalanches and the existing damage potential. We developed a technical guideline which defines the most relevant factors for evaluating the safety aspects.
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Ten years of experience with the Wyssen Avalanche Tower
Samuel Wyssen
Wyssen Seilbahnen AG, Switzerland
The effectiveness of explosives detonated above the snow surface, for artificial triggering has been
corroborated in theory and practice. Against this background and in view of the concrete demand for
remotely controlled explosive delivery systems suitable for high Alpine regions, the idea of developing
the Wyssen Avalanche Tower was spawned in 1998. A mature and proven system has now been available for many years; it was quickly accepted and adopted by users. The presentation illustrates practical experience of the Wyssen Avalanche Tower, as seen by local authorities responsible for transportation route and infrastructure safety.

10 Jahre Erfahrung mit dem Wyssen Lawinen-Sprengmast
Die gute flächendeckende Wirkung von Überschneesprengungen zur künstl. Lawinenauslösung ist
durch Theorie und Praxis belegt. Ausgehend von dieser Erkenntnis und dem Wunsch aus der Praxis
möglichst hochgebirgstaugliche ferngesteuerte Sprenganlagen zur Verfügung zu haben, entstand im
Jahr 1998 die Idee den Wyssen Lawinen-Sprengmast zu entwickeln. Seit mehreren Jahren steht ein
ausgereiftes und bewährtes System zur Verfügung, das in der Praxis rasch Anerkennung und Verbreitung fand. Im Beitrag werden praktische Erfahrungen mit dem Wyssen Lawinen-Sprengmast von
lokalen Sicherungsverantwortlichen für Verkehrswege und Infrastruktur aufgezeigt.
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Practical risk assessment and decision making in avalanche terrain – An overview of
concepts and tools in Switzerland
Stephan Harvey1, Paul Nigg2
1
2

WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
Kernausbidlungsteam Lawinenprävention Schneesport, Switzerland

Risk assessment and decision making tools for backcountry and off-piste skiing have changed time and
again. Basic avalanche knowledge about the main avalanche forming factors has not changed
essentially. But how they interact and how to deal with this knowledge in practice seams not to be as
easy. Decision making concepts reached over the last 20 years from decision making with Rutschblock
test to risk calculation on the basis of danger degree, terrain features and behaviour. In this
presentation common tools are viewed from a practical point of view and their opportunities, threats
and limits are shown. Important is to focus on the main key factors. Therefore pattern recognition
plays an important role to consider “what is the main problem?” Some ideas for decision making are
presented considering also human factors.

Praktisches Beurteilen und Entscheiden im Lawinengelände – Ein Blick auf Konzepte und
Tools in der Schweiz
Die Beurteilung der Lawinengefahr und die Anwendung von Entscheidungshilfsmitteln hat sich im
Touren und Freeridebereich immer wieder verändert. Die Kenntnisse über die wichtigsten lawinenbildenden Faktoren sind schon alt und haben sich nicht wesentlich verändert. Wie mit diesem Wissen in
der Praxis umzugehen ist, scheint nicht einfach zu sein. Die Palette von Entscheidungs-Konzepten
reicht über die letzten 20 Jahre von Entscheid anhand eines Rutschblocktest bis zum Berechnen des
Risikos anhand von Gefahrenstufe, Geländeeigenschaften und Verhalten. In dieser Präsentation
werden die Gefahren und Grenzen verschiedener Tools und Konzepte aufgezeigt und aus der Sicht
eines praktischen Anwenders beleuchtet. Entscheidend ist es, sich auf die wichtigsten Schlüsselfaktoren
zu konzentrieren. Dabei spielt die Mustererkennung mit der Frage was ist hier und jetzt das Hauptproblem eine wichtige Rolle. Es werden einige neuere Gedanken zur Entscheidungsfindung vorgestellt
und nicht zuletzt auch der Faktor Mensch von einer anderen Seite her mehr gewichtet.
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Tools for risk assessment and decision making in Canada
Chris Stethem
Chris Stethem & Associates Ltd., Canada
The objective of this presentation is to describe practical tools used in risk assessment and decision
making in backcountry recreation in Canada. Backcountry avalanche risk affects skiers and snowboarders, mountaineers and snowmobile operators in Canada. This can be split into two types of
exposure, commercially guided groups and the recreational public. Guided operations include
helicopter and snowcat skiing, backcountry lodges, independent guides and to a limited extent guided
snowmobile tours. In guided operations trained local experts complete snow stability evaluation in
combination with a terrain assessment to identify lower risk terrain suitable for use under a given
condition. Individual guides then lead the groups through the micro terrain features to further reduce
the risk. Explosive control is also used to varying degrees to reduce a specific threat to the routes
and also as a test of current conditions. The observations and assessments from all guiding, parks,
transportation and industrial operations affected by avalanches are compiled in the INFOEX exchange
which describes the observed conditions across western Canada. Local snow, weather and avalanche
observations and the INFOEX data are then used to prepare the Public Avalanche Bulletin for
recreational backcountry users. Avalanche terrain exposure ratings (ATES) have or are being prepared
for many popular routes in western Canada. The Avaluator tool allows recreational users to combine
the Danger Rating for a given area with the ATES rating for a route and assist with go no go decisions.
Training for recreationists is offered in most locations via the Avalanche Skills Training (AST) program.
At present these measures are reducing the frequency of accidents involving skiers and snowboarders;
however, numerous accidents remain amongst the snowmobile population.
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Rules, knowledge, distance and intuition – the development of risk management skills
for decision-making in avalanche situations
Jan Mersch1, Wolfgang Behr2
1
2

Salzburg, Austria
Munich, Germany

Avalanches represent a major threat to people in high Alpine regions during the winter. However, a
discrepancy exists between actual expert decisions and the strategies of applied avalanche science.
Specifically, there is no model for integrating the various findings of applied avalanche science –
probabilistic, analytical or intuitive – with actual behavior in the field. In order to develop risk management skills for decision-making in avalanche situations, we argue for an integrated model,
including rules, knowledge, intuition, and distance. This model considers the different relevant
features of decision-making in avalanche situations and can be easily accomodated to other areas of
alpine risk.

Regeln, Wissen, Distanz und Intuition – Die Entwicklung von Risikomanagementkompetenz
in der Entscheidungssituation «Lawine»
Im winterlichen Hochgebirge stellen Lawinen eine grosse Bedrohung für den Menschen dar. Dennoch
besteht eine deutliche Lücke zwischen den tatsächlichen Expertenentscheidungen und den postulierten Methoden und Strategien in der angewandten Lawinenkunde. Ausserdem fehlt ein integratives
Modell, eine offene Strategie, die je nach Situation im Gelände, in Abhängigkeit von den Verhältnissen
aber auch unter Berücksichtigung der psychischen Wahrheit, die verschiedenen Methoden der
angewandten Lawinenkunde – probabilistisch, analytisch oder intuitiv - vereint. Bei der Entwicklung
von Risikomanagementkompetenz in der Entscheidungssituation Lawine, wird es nie nur «die Eine»
Methode geben. Die Verbindung von klaren Regeln mit erlernbarem Wissen und die vernünftige
Berücksichtigung unserer Intuition, kann beim nötigen Mass an Selbstreflektion und Distanz einen
gangbaren Weg darstellen, die unterschiedlichen Ansätze zu beurteilen und miteinander in Einklang
zu bringen. Im Transfer wird ein integratives Modell für Entwicklung von Risikomanagementkompetenz in der Entscheidungssituation «Lawine» vorgestellt. Der Transfer auf andere alpine Risikobereiche
ist beliebig möglich.
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How do leadership styles cope with the impact of human factors in decision making in risky
terrain?
Miriam Förster
ILL, France
This paper examines the reasons for difficulties in decision-making within groups in situations at high
risk potential. We often wonder about how some decision could have been possibly taken, as they
seem so obviously wrong afterwards. Multiple factors human factors are biasing decision-making. Why
can’t we learn from past mistakes and develop awareness training for people likely to be exposed to
risky situations and having to deal with group behavior specific difficulties. For the sake of mountain
professionals or volunteers, there is a need to develop leadership styles adapted to theses very specific
situations and train potential leaders, so that they become aware of the heuristic bias and able to deal
with it in a more objective way. Identify indicators for human factors through post-interviews with
a sample of volunteer outdoor guides with regards to critical incidents. It is foreseen to conduct
qualitative interviews with each of them personally. The qualitative data will be used to define
different leadership styles and relate them with the validated indicators of the human factors of the
Canadian studies (McCammon, Fesler) Cross checking through interviewing the group members of
the above leaders, might lead to an external evaluation of his leadership style and give information
about self defined leadership styles and the perceived leadership by the group participants. Questions
to be answered: Are there different leadership styles to different situations? How far are leaders able
to adapt their leadership to different situations? Are there gender effects in these above questions?
Several papers exist on the human factors in backcountry skiing situation, in majority from Canadian
and American mountain professionals. The European community of mountain professionals did
not launch any research study on leadership going beyond the widely known Swiss standard risk
evaluation model developed by Werner Munter in 1997.
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Human factors in avalanche accidents: Evolution and interventions
Ian McCammon
SnowPit Techlogies, U.S.A.
Human error has long been identified as a key contributor in avalanche accidents involving both
recreationists and snow professionals. Although our knowledge of human error is improving, our
understanding of how to effectively combat human factors in avalanche terrain remains in its infancy.
This presentation reviews what we know about human factors in avalanche accidents and explores
similarities to and lessons from other fields. Using a historical perspective, it summarizes four strategies
for combating human factors in avalanche terrain and reviews their key strengths and critical pitfalls.
The presentation also examines why some approaches might be more effective than others in light of
recent developments in risk communication and decision aid design. Drawing from emerging trends in
human factors engineering, we also take a look at future promising directions for decision tools aimed
at reducing avalanche deaths.
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Outline of explosive control measures
Vali Meier
Davos Klosters Mountains, Switzerland
The most widely used methods are hand charge delivery – the ski patrol tosses the explosive charge
into the starting zone from a safe location, and helicopter bombing – charges generally having a mass
of 4 to 5 kg are dropped from a helicopter hovering above the starting zone. This second delivery
method requires suitable flying conditions. In Switzerland, artillery in the form of rocket launchers and
mortars (8.1, 12 cm) is also used to deliver explosive charges. If the firing data are predetermined,
targets can be hit irrespective of visibility. 12 cm mortars can be used from a range of 1 to 4 km.
Around 50 avalanche-blasting ropeways are installed throughout Switzerland. Ropeways deliver
explosive charges to the starting zone, where they are detonated above the snowpack. In 1988, the
Gasex system became the first explosive device to be permanently installed in a starting zone. A
propane/oxygen mixture supplied from a central source is detonated in an ignition tube directed
towards the snowpack. Two additional permanent explosive delivery systems, the Wyssen Avalanche
Tower and the Inauen-Schätti Avalanche Master, appeared on the Swiss market in 1999. Each of these
systems relies on explosive charges contained in magazines located in the starting zone. The charges
delivered by both the Wyssen Avalanche Tower and the Inauen-Schätti Avalanche Master are
detonated above the snowpack. The Avalanche Guard, in contrast, delivers the charges without a rope.
The Gasex, Inauen-Schätti and Wyssen systems can be initiated by radio control from the valley,
irrespective of visibility. The Avalancheur compressed air canon delivers a 2 kg explosive charge to the
starting zone from a range of up to 2 km. The Inauen-Schätti Avalanche Pipe can fire charges a
distance of around 200 m. A device not used in Switzerland thus far is the Avalhex, which detonates a
gas/oxygen mixture. Only cornice blasting entails the ignition of several charges simultaneously,
by way of a detonating fuse and a Bickford fuse.

Übersicht über Sprengmethoden
Am meisten verwendet werden Handsprengungen, bei denen der Patrouilleur die Sprengladung von
einem sicheren Standort ins Anrissgebiet wirft, und Sprengungen mittels Helikopter, indem Ladungen
in der Regel à 4 bis 5 kg aus geringer Flughöhe abgeworfen werden. Voraussetzung dazu sind genügend gute Flugbedingungen. In der Schweiz stehen auch die Armeewaffen Raketenrohr und Minenwerfer (8.1, 12 cm) für Sprengeinsätze zur Verfügung. Eingeschossene Ziele können sichtunabhängig
beschossen werden. Mit dem Minenwerfer 12 cm sind Einsatzdistanzen von 1 bis 4 km möglich. Gegen
50 Sprengseilbahnen werden gesamtschweizerisch verwendet. Sprengladungen werden am Seil ins
Anrissgebiet transportiert und detonieren über der Schneedecke.
1988 wurde mit dem Gasex-System das erste ortsfeste, direkt im Anrissgebiet stehende Sprengsystem
gebaut. Von einer Gaszentrale wird ein Propan-Sauerstoffgemisch durch eine Zuleitung in einem
gegen die Schneedecke gerichteten Zündrohr zur Detonation gebracht. Seit 1999 sind zwei weitere
ortsfeste Sprenganlagen, der Sprengmast Wyssen und der Lawinenwächter Inauen-Schätti, auf dem
Schweizer Markt. Bei beiden Systemen sind die Sprengladungen in Kästen im Anrissgebiet vorhanden.
Die Ladungen detonieren beim Sprengmast Wyssen und dem Lawinenmast Inauen-Schätti über der
Schneedecke, während sie beim Lawinenwächter ohne Schnur ausgeworfen werden. Die Systeme
Gasex, Inauen-Schätti und Wyssen können sichtunabhängig, vom Tal aus via Funk betrieben werden.
Mit dem Avalancheur können mit rund 2 kg Sprengstoff gefüllte Lanzen bis 2 km in die Anrissgebiete
geschossen werden. Mit der Lawinenpfeife Inauen-Schätti können Ladungen rund 200 m weit geworfen werden. Das Avalhex, das auf der Detonation eines Gas-Sauerstoffgemischs beruht, wurde bisher in
der Schweiz nicht eingesetzt. Mehrere Ladungen gleichzeitig werden nur bei Wächtensprengungen
mittels Sprengschnur und Sicherheitsanzündschnur gezündet.
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Artificial avalanche release to protect traffic routes and trails – case study of the Gonda
avalanche path, Lavin, Switzerland
Jörg Kindschi
Kindschi Ingenieure und Geometer, Ftan, Switzerland
Avalanches triggered on the Gonda path in Lower Engadine endanger the main valley road, railway
line, winter hiking trails and cross-country ski tracks. The main starting zones are situated 1500 m
above the valley bottom and can be seen from the valley only in ideal weather conditions. In 1970,
after the release of a large avalanche by helicopter bombing, Lavin district authority prohibited
artificial triggering by helicopter. From 1975, avalanches were released by 12 cm mortars but the
targeted area was relatively deep inside the starting zone because of overshooting problems. At the
beginning of February 1999, an artificially triggered avalanche buried the road, which had been
reopened, and killed one person in a car. The subsequent snowfall periods in the winter of 1999
confirmed that the exclusive use of mortars was an insufficiently reliable release method. In 2001, the
Avalanche Tower developed by Wyssen in 2000 was piloted in three locations in the main starting
zone. This preventive installation was subsidised under the provisions of Swiss forestry law. In a threeyear scientific trial period, the system‘s technical and operating characteristics were optimised. It was
revealed, in particular, that artificial avalanche release was worthwhile even if the snow depth had
increased relatively little in the area embracing several discrete starting zones. Such releases can
prevent large avalanches and thus avoid damage to forests, fields and meadows, and the traffic
infrastructure. The two most recent late winters that were accompanied by a lot of snow have shown
that this Avalanche Tower system is also capable of triggering full-depth wet snow avalanches. In view
of the favourable findings, five further Avalanche Towers are to be installed on the flanks of the
avalanche paths this summer.

Künstliche Lawinenauslösung zur Sicherung von Verkehrsanlagen, Fallbeispiel Gondalawine,
Lavin
Die Gonda-Lawinen im Unterengadin gefährden sowohl die Haupt-Talstrasse, die Bahnverbindung
wie auch Winterwanderwege und Langlaufloipen. Die Haupt-Anrissgebiete liegen 1500 m über der
Talsohle und sind nur bei optimalen Wetterbedingungen vom Tal einsehbar. Im Jahr 1970 ist nach
einem grossen, mittels Sprengung aus dem Helikopter ausgelösten Lawinenabgang, die künstliche
Auslösung mit dem Helikopter von der Gemeinde Lavin unterbunden worden. Seit 1975 wurde mit
dem 12 cm Minenwerfer ausgelöst, wobei wegen der Problematik des Überschiessens die Ziele relativ
tief im Anrissgebiet gewählt werden mussten. Anfangs Februar 1999 ist eine Lawine trotz künstlicher
Auslösung mit dem Minenwerfer auf die wieder geöffnete Strasse abgegangen und hat ein Todesopfer
in einem Auto gefordert. Auch die darauffolgenden Schneefallperioden im Winter 1999 haben bestätigt, dass nur mit dem Minenwerfer zu wenig zuverlässig ausgelöst werden konnte. Im Jahr 2001 ist
das im Jahr 2000 von der Firma Wyssen entwickelte Sprengmastsystem mit 3 Masten im Hauptanrissgebiet als Pilotanlage einer, gemäss Waldgesetz subventionierten, präventiven Einrichtung installiert
worden. In einem dreijährigen, wissenschaftlich begleiteten Versuchsbetrieb, ist das System technisch
und betrieblich optimiert worden. Es hat sich insbesondere gezeigt, dass sich die Auslösung bereits bei
relativ geringem Schneedeckenzuwachs im Einzugsgebiet bezahlt macht. Dadurch können Grosslawinen und somit Schäden an Wald, Flur und Verkehrsinfrastruktur verhindert werden. Die letzten beiden
schneereichen Spätwinter haben gezeigt, dass sich sogar nasse Bodenlawinen mit diesem Sprengmastsystem erfolgreich auslösen lassen. Aufgrund der guten Erfahrungen, soll in diesem Sommer das
Sprengmastsystem in den seitlichen Lawinenzügen mit fünf weiteren Sprengmasten ergänzt werden.
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Control measures at the Jakobshorn winter sports resort in Davos
Daniel Kistler
Davos Klosters Mountains, Switzerland
The Jakobshorn winter sports resort in Davos is well known for its snowboarding events. These are
held in the vicinity of the lower ski lift station. On the busiest days, the resort has 7,000 visitors. Winter
sports activities take place in an area that extends up to the Jakobshorn at 2580 m a.s.l. Several starting
zones around the Jakobshorn have to be made safe. The very popular ski trail to the Jatzhütte is
of great importance. In order to make the starting zone above the ski trail safe, an Inauen-Schätti
Avalanche Master was installed in 2003. Rocket missile targets have been ranged as well. An Avalanche
Pipe has been permanently installed to make another starting zone safe. The presentation examines
the use of explosives, reviews the Avalanche Master‘s effectiveness, and considers the underlying safety
concept.

Sicherung Schneesportgebiet Jakobshorn, Davos
Das Schneesportgebiet Jakobshorn Davos ist für seine Snowboard Events bekannt. Diese werden in der
Nähe der Talstation ausgetragen. An Spitzentagen halten sich 7000 Schneesportler im Gebiet auf.
Das Schneesportgebiet reicht beim Jakobshorn bis 2580 m ü. M. hinauf. Rund um das Jakobshorn sind
diverse Anrissgebiete zu sichern. Eine grosse Bedeutung hat der Skiweg zur Jatzhütte, der sehr
stark frequentiert ist. Um das Anrissgebiet oberhalb des Skiweges effizient zu sichern, wurde 2003 ein
Lawinenmast Inauen-Schätti installiert. Auch Rak-Ziele sind eingeschossen. Zur Sicherung eines
anderen Anrissgebietes ist eine Lawinenpfeife fix installiert. Im Vortrag wird auf Sprengeinsätze, die
Erfahrungen mit der Wirkung des Lawinenmastes und auf das Sicherheitskonzept eingegangen.
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Quantitative measurement of micro-scale, layered, and bulk snow properties using
micro-penetrometry and a physical interpretation theory
Jerome B. Johnson
Institute of Northern Engineering, Fairbanks AK, U.S.A.
Snow science and engineering requires knowledge of snow type, density, stratigraphy, structure, and
physical and mechanical properties. These are strongly affected by microstructure and micro-scale
processes caused by snow heterogeneity and the existence of thin internal layers. Heterogeneity
produces scale-dependant snow properties, such that continuum-like behaviors of bulk snow are
achieved only when volumes equal or exceed the representative volume element (RVE) for a given
snow type. The properties of thin snow layers, for which RVE volumes seldom exist, are dominated by
their microstructure and micro-scale properties. The dilemma is how to measure and relate snow
microstructure and micro-scale properties to the properties of snow layers and bulk snow. The deformation and failure of snow microstructural elements can be determined using a micro-penetrometer,
which are then interpreted using a physical interpretation to determine snow microstructure
and micro-scale properties. Since the physical model takes into account snow heterogeneity and the
penetration process it can scale micro-penetrometer measurements up to RVE scales. This allows
micro-scale measurements to be used to identify snow type and to define snow layer properties and to
determine scaled RVE snow properties that are important to understanding bulk snow behavior
needed to solve science and engineering problems.
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Snow characterization by optical properties
Mathias A. Gergely1, Martin Schneebeli1, Kurt Roth2
1
2

WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
Institute of Environmental Physics, Heidelberg, Germany

Snow optics offers an opportunity to measure physical properties of a vertical snow profile or a snow
surface by unbiased, high-resolution and time-saving scientific methods. Thus, optical measurements
could play an important role in various areas of interest to the snow science community, snow sports
industry and recreational snow enthusiasts. Snowpack stability strongly depends on the distribution of
ice mass inside the snow cover, hence on density, and snow microstructure. Grain size, density and soot
content impact energy transfer within the snowpack, since fine-grained snow reflects more incident
radiation, and higher density and soot content imply a stronger absorption of radiation within the
same snow volume. Furthermore, snow grain size and density contribute significantly to the gliding
characteristics of a ski as those properties determine the contact area and thus friction at the ski-snow
surface interface. We will give a summary of the theory behind measuring optical snow properties
and stress major points of interest. Current methods for quantifying SSA in the laboratory will be
presented, as well as the possibility to deduce snow density from optical measurements. By applying
theory and common optical principles it should also be possible to measure other properties like soot
content and facet number and size in the laboratory and eventually in the field.
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Non-destructive quantification of snowpack properties
Achim Heilig1,2, Hans Peter Marshall3, Olaf Eisen1,4, Martin Schneebeli5
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2
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Institute of Environmental Physics, Heidelberg, Germany
r-hm Risk and Hazard-Management, Hausham, Germany
Boise State University, Boise, ID, U.S.A.
Alfred Wegener Institute for Polar and Marine Research, Bremerhaven, Germany
WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland

A temporal observation of the stratigraphy of seasonal snowpacks is only possible with non-invasive
methods. Electromagnetic waves, specifically radar waves, proved to be the most appropriate
technique to estimate internal snow parameters and media transitions non-destructively. Thereby, it is
possible to estimate quantitatively snowpack stratigraphy and observe the snowpack evolution
with time. Radar systems work as an active wave transmitter, which records reflection intensities with
travel-time. Either the system modulates the signal on a defined frequency range as frequency
modulated continuous wave systems (FMCW) or a short impulse is radiated at a center frequency and
bandwidth. The stratigraphic resolution and the penetration depth of both systems depends on the
system parameters. The frequency determines the penetration depth and sensitivity and the bandwidth determines the vertical resolution. In previous studies FMCW X- and Ku-band frequencies failed
to penetrate a moist snowpack, but provided convincing results in resolving the snowpack stratigraphy.
Pulsed 900 MHz antennas, as well as L- and C band FMCW systems penetrated a wet snowpack up
to one meter and measured adequate gradients in snow density. Current research in pulsed and
modulated systems show that electromagnetic wave systems are convincing methods to quantitatively
measure snow stratigraphy non-destructively.
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Simple calculations of avalanche risk for backcountry skiing
Bruce Jamieson1,2, Jürg Schweizer3, Cora Shea2
1
2
3

Dept. of Civil Engineering, University of Calgary, Calgary, Canada
Dept. of Civil Geoscience, University of Calgary, Calgary, Canada
WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland

The snow avalanche risk to recreationists can be analyzed as the product of the probability of being
caught times the probability of death (consequence). For our risk calculation, we used an event tree
because more people are caught in small avalanches but the probability of death increases with
avalanche size. Based on accident reports, the probability of being caught can be approximated as a
relative frequency by avalanche size. Since approximately 90 % of reported avalanches involving
recreationists are triggered by the victim or a member of the victim’s group, the exposure can be
approximated by the number of times a trigger zone is ascended, descended or traversed while
making fresh tracks. We estimated the average number of exposures to trigger zones for a typical day
of ski touring, snowmobiling or snowboarding. For our simple risk calculation, the only remaining
variable was the probability of triggering (given exposure to a trigger zone). Since the results of an
expert survey of triggering probability were not yet available, we included a variable for this unknown
probability and derived expressions of the risk for an average day of ski touring, snowmobiling or
snowboarding. By equating the avalanche risk expression to published values of daily risk of death for
other kinds of recreation including kayaking and general mountaineering, we back calculated a range
of triggering probabilities. These probabilities are <10-3, providing an upper limit to achieve risk similar
to general mountaineering.
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The seismic detection of avalanches: an information tool for the avalanche forecaster
Jean-Pierre Navarre, Ekaterina Bourova, Jacques Roulle, Yannick Deliot
CNRM-CEN/GAME, Meteo-France, CNRS, Grenoble, France
The estimation of natural avalanche activity is currently based on visual observations. However, these
observations are imprecise and impossible by night, or when the weather is cloudy; consequently, the
avalanche activity is often not well known. For several years, studies have been developed at the
Centre d’Etudes de la Neige (CEN) to solve this problem and to help the avalanche forecaster, in using
the possibility of Seismic Detection of Avalanches (SDA). Three stations of SDA have been operational
for several winters in mountainous massifs of the French Alps, near Grenoble. The signals recorded by
SDA are analysed and identified by the software SARA (developed by the CEN) which is implemented
in each SDA and the results are transmitted by satellite every hour. In 2008, new developments have
been made for the SDA system, involving notably a WiFi-ADSL transmission for the Ornon station and
the implementation in SARA of new analyses to better identify the signals. The WiFi-ADSL transmission
allows recovering all the signals at CEN for analysis and more ergonomic presentations. The new
analyses are based on the automatic recognition of narrow energy bands in the Time-FrequencyRepresentation, that are characteristic of some non-avalanche signals, generated for example by
helicopters. The operational running of SDA and different results obtained during the last years are
presented. They show the operational interests of these SDA stations for the avalanche forecaster,
which can have, like this and whatever the weather conditions, the exact time when avalanches
occurred in a massif area, a quick knowledge about the beginning (and the end) of avalanche episodes
and more precise information on the natural activity avalanche.
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Use of the models Safran-Crocus-Mepra in operational avalanche forecasting
Cécile Coléou, G. Giraud, Y. Danielou, J.-L. Dumas, C. Gendre, E. Pougatch
Centre d’Etudes de la Neige, Météo-France, CNRM, Grenoble, France
Avalanche forecast is based on the observation of weather conditions and follow-up snow cover. The
workstation “Poste_Nivologie”, operational software developed by the CEN, is daily used by French
avalanche forecasters to process observed data from the snow observation network. All observed data
(snow and weather observations, snow profiles) can be displayed in various screens. Since 2006, a new
functionality has been put into service. It consists in the access to the results of the chain of models
Safran, Crocus and Mepra. Daily runs of the models provide results for each massif at several altitudes
(each 300 m), on flat terrain and 2 slopes (20° and 40°) of 6 orientations. Analysed and forecasted
results (meteorological input data, snow profiles, snow stability analysis) are available from Day-1 6H
to Day+2 6H. The forecaster may visualize graphical representations (maps, pies, snow profiles,
historical display) of all the simulated parameters. One of the interest of Safran, Crocus, Mepra models
for avalanche forecasters is the help to the spacialisation of the information provided by local
observations. “Poste_Nivologie” integrates into the same application observed and simulated snow
information that makes easier their necessary comparison. We will present how the forecasters
can select amongst the high number of views the most relevant ones according to the day situation.
We will also describe the main contributions and limits of the models for different typical situations.
Finally, through a case study we will show how the results of the snow models can be used in an
operational context.
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The 2008–2009 exceptional snowfalls in the Italian Alps: threshold sum approach and
analysis of the SNOWPACK model stability indices
Fabiano Monti, Anselmo Cagnati, Mauro Valt
ARPAV-CVA, Agenzia Regionale per la Prevenzione e Protezione Ambientale del Veneto, Italy
The 2008–2009 winter season has been characterized by exceptional snowfalls in the Italian Alps: it has
been one of the 3–4 snowiest seasons since 1930. Six heavy snowfalls have determined the formation
of several avalanches, many of which with a return time of 20–30 years. The Avalanche Forecasting
Centre in Arabba is responsible for assessing the avalanche risk in the territory of the Veneto region
(Italy). In this centre the avalanche forecasting activity is supported by the research activity in order to
improve and to ease the experts’ job. Since 2004 it has been piloting the use of the SNOWPACK
model and starting from December 2008 a new tool called Yeti NIK has been introduced to view
manual snow pits. The peculiarity of this tool is its ability to assign a specific critical value to each layer
in a snow pit. Threshold values are obtained according to the guidelines described by Schweizer
and Jamieson (2008). The purpose of this method is to transform snow profile interpretation into a
semi-quantitative scientific process. In this paper the threshold sum approach has been applied to both
the manual profiles and the model outputs in order to compare critical snowpack parameters
obtained from these different methods. Subsequently the stability indices automatically supplied by
the model proved to be reliable and the evaluation of the most critical days of winter 2008–2009
have been presented with this new experimental approach.
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AVALUATION: Estimating the economic value of the avalanche bulletin
Anna Alberini1, Andrea Leiter2, Christoph Rheinberger3, Chuck McCormick1, Andrew Mizrahi1
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AREC University of Maryland, College Park MD, U.S.A.
UIBK University of Innsbruck, Austria
WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland

For planning their excursions, backcountry skiers rely on avalanche bulletins that provide information
about the danger level, the snow conditions and other safety-relevant aspects. European Avalanche
Services are releasing this information to the public in several ways, including their web sites, newspapers, TV, text messaging, etc. The users of avalanche bulletins and accompanying maps are charged
only a nominal price that covers transmission costs (in the case of SMS messaging or faxing, for
example) but bears no relationship to the cost of creating these products. Under these circumstances, it
is not possible to use market information to place a monetary value on avalanche bulletins. In this
paper, we present an approach to estimate the economic value of avalanche bulletins to the users. To
this purpose, we conducted an internet-based survey that asked the users of the Swiss avalanche
bulletin about their valuation of the bulletin service. The survey collected responses from more than
1,600 users including answers to a valuation task, in which respondents had to state whether they
were willing to pay an annual fee for access to improved avalanche information. Based on the stated
answers, we are able to (1) estimate the willingness-to-pay for improvements in the avalanche bulletins
and – by making assumptions about the reduction in avalanche fatalities due to the bulletin service –
to (2) valuate the avalanche bulletin in monetary units.
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My career as a researcher
Werner Munter
Vernamiège, Switzerland
If I review the past, it becomes increasingly clear that my research (MISTA programme and the
reduction method (RM)) has always focused on a single issue, namely socially acceptable, optimal or
good risk. The key questions have been how to define and quantify risk, and how to assess risk in
the field. I have been treading on a long and rocky road since 1982-1983, starting with average snowpack stability (MISTA) and ending with evidence that risk 1 as per RM is practically identical to
the Pareto optimum (2008). I was compelled to start from scratch because no groundwork had been
performed in my chosen subject. Progress could be made only by adopting an interdisciplinary
approach, in which I replaced “snowpack stability” with “risk and uncertainty”. Only then could I
develop strategies for dealing with uncertainty (decision making under risk), which proved to be a
philosophical problem, rather than one relating to snow science.

Mein Weg als Forscher
Wenn ich heute zurückblicke, erkenne ich immer klarer, dass sich meine Forschungen (MISTA und
Reduktionsmethode RM) um ein einziges Thema drehten: das sozialadäquate, das optimale, das gute
Risiko. Wie definieren, wie quantifizieren, wie im Gelände einschätzen? Es war ein langer und dorniger
Weg, den ich allein gehen musste, beginnend 1982/83 mit der durchschnittlichen Schneedeckenstabilität (MISTA) und endend mit dem Nachweis, dass Risiko 1 der RM praktisch identisch ist mit dem ParetoOptimum (2008). Dabei musste ich bei Null beginnen, Vorarbeiten zu meinem Thema gab es keine. Nur
im interdisziplinären Vorgehen konnten Fortschritte erzielt werden, indem ich «Schneedeckenstabilität» durch «Risiko und Unsicherheit» ersetzte. Erst jetzt konnte ich Strategien entwickeln im Umgang
mit Unsicherheit (decision making under risk), und das erwies sich eher als philosophisches denn
nivologisches Problem.
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Avalanche hazard and visitor numbers - a study in Lochaber, Scotland
Graham Moss
sportScotland Avalanche Information Service, U.K.
Avalanche hazard in Scotland is characterised by rapidly changing weather, rugged topography rising
from sea level, and a snowpack shaped above all by wind. Avalanche forecasts are prepared in five
popular winter mountaineering areas, primarily for those undertaking winter mountaineering, ice and
mixed climbing. In this paper we present results of a study into numbers accessing mountains in the
Lochaber area of Scotland. Visitor counts are available for two contrasting mountains, Ben Nevis
characterised by a wide variety of winter mountaineering and accessed on foot in 2–3 hours, and
Aonach Mor, where climbing is primarily on a single set of cliffs of similar aspect and altitude, typically
accessed by a combination of gondola and chair lift. Visitor counts on Aonach Mor consist of ticket sale
counts to the gondola, whilst on Ben Nevis an automatic counter was installed at a key access point.
Weather data were recorded on an ordinal scale, characterising conditions in terms of “visitor
enjoyment” ranging from days with blue skies, through increasing precipitation and winds, to those on
which the gondola could not operate. Although this scale is subjective, it may better characterise
conditions for mountaineers than individual parameters such as wind speed. These data were then
compared with avalanche hazard over a number of winters. Initial analysis revealed that average
visitor numbers to both venues decrease as avalanche hazard increases and weather deteriorates.
To control for the effects of weather, we explored average visitor numbers on only days with good
weather. Again a decrease in average visitor numbers was observed, suggesting that avalanche hazard
(and thus potentially the avalanche forecast) influences behaviour. However, by separating days
into weekdays and weekends, it appears that this influence is less on weekend visitors (commonly
considered to be under more pressure to achieve objectives on short visits).
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Information value of the avalanche bulletin for snowsports
Chris Semmel1, Florian Hellberg1, Paul Mair2
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Sicherheitsforschung des Deutschen Alpenvereins, München, Germany
alpS Zentrum für Naturgefahren- und Risikomanagement GmbH, Innsbruck, Austria

In the ski touring study carried out between 2003 and 2005, 78 % of the ski tourers observed exhibited
inadequate behaviour in dangerous spots. 90 % of the ski tourers experienced a positive sense of
safety. One cause for this discrepancy is the lack of an objective information base. Only 7 % rendered
the information offered by the Avalanche Bulletin fully. Several possibilities of effective information
communication regarding the Avalanche Bulletin were evaluated in the study. Four test groups (N = 40
persons) were confronted with various avalanche bulletin versions. 1) pure text form, 2) text form with
key information highlighted, 3) text form and key information visualised with pictograms, and 4) text
form highlighted and pictograms. Extraction and rendition performance of relevant information were
assessed in a subsequent interview and were rated with “0” = nothing and “1“ = complete. The
evaluation took place with a multivariate variance analysis. The two independent variables are 1.
Typeface (normal typeface vs. highlighted typeface) and 2. Visualisation (no pictograms vs. pictograms).
The three dependent variables are 1. the specific value of the spontaneous answers given during the
interview, 2. the specific value of spontaneous as well as requested answers, and 3. the specific value of
quality assessment in the terrain test. Results: There is no significant difference in the independent
variables regarding the spontaneous interview. The rendering of information when answers were
requested was clearly higher than the ones given spontaneously and significantly highest (p = 0.005)
in regards to the visualised Avalanche Bulletin. There were no significant differences regarding the
assessment values in the terrain test. The proper structuring and depiction of information in the
Avalanche Bulletin will enhance extraction and rendition capabilities. This conclusion offers starting
points for the design and strategy of the Avalanche Bulletin in order to improve information
processing.
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Intuition, recognition and patterns – Decision-making by mountain guides in avalanche
situations
Jan Mersch1, Anton Kühberger2
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Riedering, Germany
University of Salzburg, Austria

The community of professional mountain guides is an expert group in the field of avalanche danger.
In a naturalistic decision making framework we study how these experts make their decisions. More
specifically, we test whether the decision processes revealed in interviews based on the critical decision
method follow the model of recognition-primed decision making which stresses the role of experience
for developping intuition. We interviewed 15 professional mountain guides on critical events. The
transcribed interviews were encoded and analysed. We found that the recopgnition-primed decision
model correctly captured many features of actual decision making in the field, pointing to the
importnace of intuition for these decisions. In addition, the quality of the observed expert decisions
was high. These ideas and the recognition-primed model are hardly translated into practice, however,
in current avalanche science. Thus, a discrepancy exists between actual expert decisions and the
postulated methods and strategies of applied avalanche science.

Intuition, Wiedererkennung und Muster – Bergführer in der Entscheidungssituation
«Lawine»
Im winterlichen Hochgebirge stellen Lawinen eine grosse Bedrohung für den Menschen dar. Die
Methoden und Ansätze der angewandten Lawinenkunde – probabilistisch, analytisch oder intuitiv –
schaffen dabei für sich alleine genommen nur bedingt Abhilfe. Die Gruppe der Berufsbergführer
versteht sich als Expertengruppe für Lawinengefahr. Diese Entscheidungssituation wird genauer
untersucht. Dabei wird vom Ansatz des «naturalistic decision making» ausgegangen, der eine Tradition
in der Untersuchung von Expertenentscheidungen im freien Feld hat. Es werden mit Hilfe der «critical
decision method» halbstrukturierte Interviews retrospektiv zu kritischen Ereignissen im typischen
Entscheidungsfeld von Experten durchgeführt. Als Ergebnis werden im NDM – Ansatz theoretische
Entscheidungsmodelle, wie das «recognition primed decision» – Modell entwickelt und Erklärungen
für Begriffe wie Intuition postuliert. Im Rahmen der Untersuchung wurden 15 Berufsbergführer zu
kritischen Ereignissen interviewt. Die transkribierten Interviews wurden mit Hilfe der Software Hyper
Research codiert und ausgewertet. Die Passung der Entscheidungsereignisse ins Gebäude des NDM –
Ansatzes, zu den Begrifflichkeiten des RPD – Modells und mit den Erklärungsversuchen des Intuitionsbegriffs, ist gut. Die Ergebnisse unterstreichen die Grundaussagen des Theoriegebäudes. Die Qualität
der betrachteten Expertenentscheidungen ist hoch. Die Grundaussagen und Modellideen finden aber
keine Umsetzung in der aktuellen Lawinenkunde. Es besteht eine deutliche Lücke zwischen den
tatsächlichen Expertenentscheidungen und den postulierten Methoden und Strategien in der angewandten Lawinenkunde. Im Transfer der Ergebnisse wird ein integratives Modell für Entwicklung von
Risikomanagmentkompetenz in der Entscheidungssituation «Lawine» vorgestellt. Der Transfer auf
andere alpine Risikobereiche ist beliebig möglich.
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Safety is Freedom
Henry Schniewind
Henry’s Avalanche Talk
This presentation shows how a group of mountain and business professionals are combining avalanche
safety awareness, education and information with modern presentation and marketing techniques.
Henry’s Avalanche Talk (HAT) is a business that aims to help off-piste skiers and boarders learn how to
have fun and stay safe by providing high quality talks, courses and web-based information products.
Henry Schniewind began giving multi-media avalanche talks in Val d’Isère, France in 1989. Henry
created HAT in 2002 in response to a growing demand for avalanche safety and awareness from snow
sports enthusiasts on vacation, seasonal staff and aspiring professionals. There are now several
presenters, instructors and business professionals involved. Our mission is to engage the regular snow
sports enthusiast, who does not always appreciate the need to learn about this, by emphasising that
learning how to stay safe actually helps you have more fun. We have invested in easy to understand
communications and the marketing side of the endeavour. We have found that avalanche education
does not escape the basic laws that apply to anyone who wants to attract another human being to a
particular message i.e. we have to promote our message. In the past year over 3000 people have
attended our talks and 20,000 have visited our websites. The overall goal of this presentation is to
encourage debate on the subject of how to engage the public in understanding avalanche awareness
and mountain safety.
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Avalanche education as public service
Klaus Kranebitter
Verein zur Information über alpine Gefahren, Innsbruck, Austria
In 1999 the Snowboard Pro Flow Daniaux and the Mountain Guide Klaus Kranebitter decided to
organize an avalanche class on the local ski hill. Seegrube (Innsbruck/Austria), called SAAC, snow and
avalanche awareness camp. Flow Daniaux informed his sponsors about that project. They immediately
committed a sponsorship in order to offer the participation for free. The camp was set up for 50
participants with 5 guides. Promoting that camp in the newspaper, over 100 participants showed up.
The sponsors and organizers decided to set up a second camp a month later. This was the start of a
successful institution which is still going on. SAAC now cooperates with sponsors from the outdoor
industry and ski hills, and still offers these camps for free as a public service. 2008–2009 more than 40
camps were held in ski hills all over Austria. The total number of participants since 1999 is over 10,000.
2003–2004 multiple day camps started with a more detailed introduction in avalanche awareness.
Called SAACndSTEP, these camps last 3 and 5 days. Participants pay for these camps. 2005 we started
avalanche awareness in schools in Innsbruck/Austria. Called SNOWHOW these camps reach pupils from
16 to 18 years of age. We educate about 800 pupils every year. Scientific benefit: Reliable observation
of understanding and misunderstanding different strategies of avalanche awareness and avalanche
gear.
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Improving avalanche decision strategies – A proposal
Eike Roth
Klagenfurt, Austria
The average risk to get involved into an avalanche on ski tours is 1:10,000. At level 1 (European risk
scale) it is smaller, at level 5 in a steep slope it probably is close to 1. The range from low to high risks
seems to be at least 3 magnitudes. This contrasts sharply to the risk increase by a factor of 2 per
risk level (factor 16 from level 1 to 5), as it is presumed in strategic avalanche scoring systems (e. g.
“Reduction Method”). Evaluations of data sets from Austria and Switzerland show a minimum risk
increase by a factor of 4 per risk level (256 from level 1 to 5). A factor of 2 would result only at highly
unrealistic assumptions regarding the relative number of ski tours at different risk levels. The factor 2
per risk level is generally based on examinations of the snowpack. Areas with weak mechanical
strength double per risk level, and the risk is thought to be proportional to the likelihood of hitting
such an area when skiing. But if the probability of releasing an avalanche in case of a hit increases with
the number of weak areas too, the risk gradient must be steeper. There are several potential causes for
an increased probability, e.g. enhanced crack propagation at increased numbers of weak areas. The
analyzed data sets support a steeper gradient. Conditions are identified where a steeper gradient is
risk determining, and possibilities of integrating it into decision strategies are discussed.

Weiterentwicklung der strategischen Lawinenkunde – Ein Diskussionsbeitrag
Das durchschnittliche Risiko, auf Skitouren in eine Lawine zu kommen, beträgt etwa 1 zu 10 000. Bei
sehr guten Verhältnissen (Gefahrenstufe 1) ist es noch kleiner, bei katastrophal schlechten Verhältnissen (Gefahrenstufe 5) ist es viel grösser (Prozentbereich?). Die Streubreite dürfte mindestens 3 Grössenordnungen betragen. Dem steht in der strategischen Lawinenkunde eine unterstellte Zunahme des
Risikopotentials um den Faktor 2 pro Gefahrenstufe gegenüber, insgesamt also ein Faktor 16 von Stufe
1 bis 5. Eine gezielte Auswertung von Lawinenstatistiken aus Österreich und der Schweiz ergibt eine
Risikozunahme um mindestens den Faktor 4 pro Gefahrenstufe (Faktor 256 von Stufe 1 bis 5), wenn
man realistische Annahmen für die Verteilung der Skitouren auf die Gefahrenstufen trifft. Eine Verdoppelung pro Gefahrenstufe erhält man nur bei sehr unrealistischen Annahmen. Der Faktor 2 pro
Gefahrenstufe wird meist damit begründet, dass sich die Stellen mit «schwacher» Festigkeit in einem
Hang pro Gefahrenstufe verdoppeln. Trifft man mit seiner Skispur zufällig solch eine Stelle, löst man
«wahrscheinlich» eine Lawine aus. Das Risiko wird proportional zur Trefferwahrscheinlichkeit angenommen. Wenn aber beispielsweise zusätzlich zur Trefferwahrscheinlichkeit auch die Auslösewahrscheinlichkeit im Falle eines Treffers von der Zahl (Dichte) der «schwachen» Stellen abhängt (weil z. B.
die Bruchfortpflanzung durch viele «schwache» Stellen erleichtert wird), muss sich eine höhere Abhängigkeit des Risikos von der Gefahrenstufe ergeben. Die vorhandenen Zahlen sprechen für so einen
Effekt. Warum die (vermutlich) zu geringe Steigung des Gefahrenpotentials häufig durch andere
Annahmen «verdeckt» wird, wird diskutiert und ein Vorschlag zur Berücksichtigung eines steileren
Anstiegs wird gemacht.
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The simple is desirable; the complex is confusing. The Avaluator Avalanche Accident Prevention Card
(Haegeli and McCammon, 2006), a Canadian government avalanche prevention initiative, was
designed to help recreationists avoid avalanche accidents. It consists of a Trip Planner and Obvious
Clues sections. The Trip Planner helps the user select appropriate terrain based on the avalanche
danger rating whereas Obvious Clues help the users “determine whether a slope is safe enough to
cross” (Haegeli and McCammon, 2006). The authors, the Canadian Avalanche Center (publisher of the
Avaluator), Canadian avalanche educators, and the Canadian government all extoll the Avaluator’s
simplicity as its main virtue and something that makes it superior to European decision support tools
such as a 25-item Nivo test. A leading avalanche safety educator explained to the media: “I say keep it
simple. Seven clues is plenty.” and opined that the 25-item Nivo test is too complicated for most
backcountry users, even though thousands of French have mastered its use. We examine this fixation
on simplicity. First, we demonstrate the undesirable consequences of dumbing down curriculum in
response to students’ preferences for simplicity and easiness. Second, using psychometric theory, we
demonstrate that the Avaluator’s Obvious Clues method is too simple to be reliable, valid, and useful
for making decisions about slope stability. Third, using avalanche danger ratings and terrain classifications, we demonstrate that the Trip Planer is so simple that it recommends that users do not venture
out most of the winter except perhaps on flat avalanche free plains.
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Pitfalls in the analyses of accident records: The meaning of missing values
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Accident records are frequently used to learn about conditions and behavior before, during, and after
accidents. However, accident records frequently do not mention the conditions and behavior of
interest (e.g., thaw) leading to missing values and to uncertainty about their presence or absence. In
the development of the Avaluator Avalanche Accident Prevention Card, Haegeli and McCammon
(2006) analyzed avalanche accident records for the presence or absence of obvious clues to avalanche
danger (e.g., avalanches) to determine the prevention values of limiting one’s travel to slopes with a
certain maximum number of clues. However, they were unable to determine the presence or absence
of all clues in 1148 accidents out of 1400 and deleted them from their data set. Thus, the Avaluator’s
Obvious Clues are based on only 252 accidents. The critical question arises: What is the meaning of
these missing values? If the missing values occurred because eyewitnesses did not mention absence of
absent clues, the missing values mean absence and the exclusion of accidents was inappropriate. If the
missing values occurred due to a random process, the exclusion of accidents with missing values was
appropriate. To investigate the meaning of missing values, study participants were shown video clips of
accidents and later asked to recall as much information as they could remember about the accident.
The results show that eyewitnesses are far more likely to report the presence of present conditions and
behaviors (e.g, snow) than the absence of absent conditions and behaviors (e.g., absence of snow).
The results highlight that the exclusion of 82 % of all accidents by Haegeli and McCammon (2006) prior
to the computation of the Obvious Clues prevention values was inappropriate and resulted in inflated
prevention values.
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The Avaluator Avalanche Accident Prevention Card (Haegeli and McCammon, 2006) was designed to
help recreationists to avoid avalanche accidents, and therefore, reduce overall number of avalanche
accidents in Canada involving recreationists. It consists of two parts – the Trip Planner and Obvious
Clues – and is marketed by Canadian Avalanche Association as “made in Canada” “science based”
decision tool. However, the research has revealed that (a) the data behind the Avaluator’s Obvious
Clues are not available for inspection (Drs. Haegeli and McCammon have repeatedly refused to provide
access to their data) (Uttl, Uttl, and Henry, 2008a; Floyer, 2008), (b) Haegeli and McCammon (2006)
inappropriately excluded over 1148 avalanche accident reports from their sample due to missing values
and based the prevention values on only 252 accidents; (c) several independent studies found that the
Obvious Clues prevention values published in the Avaluator are grossly inflated (Uttl, Henry, and Uttl,
2008b,c; Floyer, 2008; Uttl, Kisinger, Kibreab, and Uttl, 2009). Moreover, the Obvious Clues prevention
values are based on only US rather than Canadian accidents only. Our study examined for the first time
prevention values (i.e., risk reduction values) of the Obvious Clues in a sample of Canadian avalanche
accidents. Our results show that the prevention values published in the Avaluator are grossly inflated,
falsely informing users that slopes they are about to cross are relatively safe.
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The Avaluator Avalanche Accident Prevention Card (Haegeli and McCammon, 2006), a Canadian
government avalanche prevention initiative, was designed to help recreationists avoid avalanche
accidents, and therefore, reduce the overall number of avalanche accidents in Canada involving
recreational users. McCammon and Haegeli (2006) argued that the Avaluator will cause a statistically
detectable reduction in the number of avalanche accidents within 3 or 4 seasons after its adoption.
However, research has revealed that (a) the data behind the Avaluator’s Obvious Clues are not
available for inspection (Uttl, Uttl, and Henry, 2008a; Floyer, 2008); (b) Haegeli and McCammon (2006)
inappropriately excluded over 1148 avalanche accident reports from their sample due to missing values
and based the prevention values on only 252 accidents; (c) several independent studies have found the
Obvious Clues prevention values published in the Avaluator to be grossly inflated (Uttl, Henry, and Uttl,
2008b,c; Floyer, 2008; Uttl, Kisinger, Kibreab, and Uttl, 2009). We examined McCammon and Haegeli’s
(2006) prediction. Our trend analysis of avalanche accidents in Canada revealed that the number of
accidents has sharply increased rather than decreased following the Avaluator’s adoption. This increase
is consistent with findings that the Avaluator’s prevention values are grossly inflated and give users a
false sense of confidence in slope stability.
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Coupling snow survey and education in the Mont Mars Natural Reserve, Aosta Valley
(NW Alps)
Gianluca Filippa, Michele Freppaz, Davide Viglietti, Pietro De Poi
Di.Va.P.R.A. - Chimica Agraria e Pedologia, University of Torino, Italy
Education on snow and avalanches is a key subject if the professional workers aim to spread the
scientific and technical knowledge to a public as large as possible, and to transform this knowledge
into valuable tools for the mountain environment management. In this project we aimed to couple
the routine snow surveys that were conducted weekly in the framework of a project for the characterization of the physical-chemical properties of the snow cover with an education project involving
students of different age. The study area was localized in Fontainemore (NW-Italy) at 1800 m a.s.l.
The project involved about 250 students aging 10-14 and first consisted of two theoretical lectures on
(1) aims and objectives of the project and (2) mountain security. The students were then involved in the
field experience and in the research management. Experimental sites were reached through a twohour walk with snow-shoes and students’ activities included measuring several snow properties such as
snow height, density and temperature. The project is presently ongoing and will be concluded with a
small “symposium” in which the students will present their results to a public. This experience provided
the students the basic knowledge about the snow ecology focusing in particular on the importance of
the seasonal snow cover as a thermal insulator for subnivean soils and as a tracker of environmental
quality. Involving young students within a true research project appears to be much more effective in
their learning than simple lectures, because they have the responsibility of their “own research”.
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Apprehension of the avalanche risk and decision making process in a medium-high
mountain. The case of the Vosges (France)
Florie Giacona, Brice Martin
Université de Haute Alsace, France
The mention of avalanche risk in the Vosges generally causes a certain incredulity for this range of
modest height and his hazardous snowfalls. However, in January and February 2000, fifteen people
were the victims of avalanches and three of them died. These accidents have suddenly drawn attention
to the fact that avalanche risk is underestimated. Indeed, this geo-history research shows that more
than two hundred fifty events have occurred since the end of the eighteenth century. So the choice
was to study the risk factors associated with the apprehension of the avalanche risk in the Vosges. This
apprehension participates to the process of the decision making that leads recreationists to expose
themselves to avalanche risk. Indeed, we are directly confronted to an underassessment or even to a
negation of the avalanche risk in this medium-high mountain. Several factors contribute to it,
among which the image of “low hills” because of it rounded summits. This image of “easy mountain”
makes to think that the avalanche events are very small or even non-existent. This representation is
deep-rooted in the surrounding mountain area and also by the recreationists. The risk is more or less
accepted depending on the winter sports adepts. Some of them are aware of it but they don’t
necessarily enquire about it, others deny it. Indeed, most of them minimize unconsciously the risk for
themselves and maintain it at distance. Finally, underassessment and negation of the avalanche risk
are instrumental to the current increasing of the avalanche risk.
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Promotion of secure mountain exploration by the Anna Pasek Foundation
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The Anna Pasek Foundation (www.annapasek.org) was established at the beginning of 2008 to
celebrate Anna Pasek memory – polish student from the Jagiellonian University in Cracow, Poland. One
of Anna’s major passions was mountaineering. She went climbing both in low and high mountains as
well as in broadly understood polar regions. Anna’s last challenge was to climb the Mont Blanc, the
highest peak of Europe. This journey she was never returned from. One of the most important aim of
Foundations’ activities is preventive, informative and promotional activity in an area of mountains safe
exploration, especially high-mountains and polar exploration. The aim of this area is to minimize the
mountain and polar accident rate to the greatest possible extent through comprehensive education
and direct assistance. The Foundation is planning to teach people how to avoid accidents in the
mountains and how to behave in critical situations so as to increase the odds of self-rescue actions as
much as possible. Very important preventions’ activity is snow avalanche education. The Foundation
organizes avalanche trainings and seminars. At the end of August in 2009 the Foundation are going to
open alpine training base in the Olympic Village – Pragelato, Italy. The Foundation collaborates with
science and rescue institutions e.g. Mountain Rescue Services from Poland, Soccorso Alpino from Italy
and the Jagiellonian University from Cracow, Poland.
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Importance and effects of avalanches to mountaineering activities: Alamountains case
study - Turkey
Nehir Varol, Sinan Demir, Mete Erengil, Zafer Yazıcı, Mehmet Coskun, Ömer Murat Yavas
General Directories of Disaster Affairs, Turkey
Turkey is a mountainous country. The mountainous relief causes the danger of such natural hazards as
avalanches and ice falls, mud floods flows, land slides, that take a toll of severe economical losses.
The snow avalanches generally take place in the Eastern, the South eastern and the North eastern
parts of the country. Nearly 35 % of Turkey’s territory is subject to these natural disasters. The main aim
of this study is to determine the avalanche risk routes of Alamountains region which is the most
popular mountaineering place of our country, and to prepare a brochure for national and international tourism and climbing facilities for this region. This guideline will be translated into 4 languages
and it will be sent to national and international tourism points by Ministry of Culture and Tourism.
Alamountains is one of the most important areas of mountaineering activities in Turkey. Alamountains
located in the Central Taurus Regions and have more than one peak, many climbing routes and
available to all kinds of mountaineering activities from hiking to rock climbing. Because of that,
preferred by many national and international mountain climbers. Especially in recent years, due to
increased mountaineering activity in Turkey, many peoples often have mountaineering activities
in Alamountains. In the winter season of 2006, six mountaineers from Hacettepe University
mountaineering club lost their lives because of the avalanches in this area. After this incident, GDDA
and Turkish Mountaineering Federation has started to produce the avalanche hazard maps, in the
montaineering activities areas, by the support of TÜBİTAK.
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Iron man, the steel crash test dummy, measures forces in an avalanche
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The Iron Man Project was a joint effort between Applied Research Associates, National Geographic
Television and the Snowbasin Resort Co. Iron man is a mannequin 2 meters in height and weighing
82 kg to approximate the size of a human male. He contains sensors and a camera encased in a sheet
iron body designed to withstand forces imposed by explosives, tornados and other violent events such
as avalanches. The sensors collect data to measure forces in three axes of angular acceleration and roll.
Iron Man was used in a segment of a National Geographic Television documentary on avalanche rescue
technology to measure forces imposed on an object in an avalanche. The Snowbasin Mountain Guides
placed Iron Man in an avalanche starting zone and used explosives to trigger the avalanche. The
avalanche carried Iron Man 137 vertical meters while his sensors and ultra high-speed video and
thermal-imaging cameras collected data. Iron Man was completely buried in the avalanche. In this
paper we present images, force graphs and a 3-D reconstruction of Iron Man’s ride. From ultra highspeed video we determined velocity of the slab, the flowing avalanche and Iron Man. We also determined the distance of travel and used thermal imagery to collect data on changes in snow temperature
during the avalanche. Iron Man’s partner in the avalanche path was Foamie, another human sized
dummy. Foamie wore and ABS system deployed prior to triggering the avalanche. Foamie, with his
ABS, was filmed with Iron Man in two separate avalanche events. In both incidents the ABS system
kept Foamie near the surface of the debris.
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1985–2009 twenty-five years of avalanche accidents in Italy
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Italy’s avalanche accidents data bank was carried out by AINEVA and stores more than 800 events
between 1985 and 2009 period. Data bank files primary accidents information such as: number of
people caught or buried, type of activity etc., as well as, for several records, morphological information
on the detached avalanche. This work give an account of avalanche accidents situation on the
southern side of the Alps, with respect to caught categories, methods of detection of buried victims,
survival percentages and main morphometric values of detached avalanches such as slope gradient,
aspect, elevation by geographic area. Results are compared with similar papers for the northern Alps.
Besides, following types of accidents and caught categories, an evolutionary trend, over time,
of victims’ behaviours is delineated. Finally this work analyses the relationship between avalanche
accidents and southern Alps snow cover average values during the last two decades.

1985–2009 Venticinque anni di incidenti da valanga in Italia
In Italia la banca dati relativi agli incidenti da valanga è stata realizzata da AINEVA e contiene i dati
relativi a più di 800 casi avvenuti fra il 1985 e il 2009. La banca dati contiene le informazioni primarie
sui incidenti come quante erano le persone presenti, le persone sepolte, quale disciplina sportiva
stavano svolgendo al momento dell’incidente etc., nonché, per una buona percentuale di eventi,
informazioni morfologiche sulla valanga provocata. Nel presente lavoro, viene tracciato un resoconto
della situazione sul versante sud delle Alpi, con particolare riguardo alle categorie coinvolte, alle
modalità di individuazione dei sepolti in valanga, alla percentuale di sopravvivenza dei sepolti e ai
principali dati morfometrici delle valanghe provocate quali, pendenza, esposizione e quota per area
geografica. I risultati sono confrontati con lavori analoghi effettuati sul versante settentrionale delle
Alpi. Inoltre sulla base delle tipologie di incidenti e delle categorie delle persone travolte, viene
delineato come sono cambiati nel tempo i comportamenti degli escursionisti. Infine, nel presente
lavoro, viene analizzato il fenomeno degli incidenti da valanghe in relazione dell’innevamento medio
delle alpi meridionali nell’ultimo ventennio.

169

International Snow Science Workshop, Davos 2009, Abstracts

P 323
Map localization of avalanche accidents in France
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Since 1972 the way avalanche accidents are recorded in France has been regularly improved. After the
dramatic 2005-2006 winter season (57 deaths due to avalanches) a short study showed that localization
of avalanche accidents on a map is rarely possible in France. Recent use of Google Earth improves
location but it is still not sufficient. Integrating GPS information, maps and commented pictures should
facilitate and improve the precision of localization. Then, it will be possible to compare these records
to EPA data (permanent avalanche survey), integrate them in the CLPA (map of avalanche phenomena)
and carry out a first typology of those avalanche paths.

La localisation cartographique des accidents d’avalanches en France
Le recensement des accidents d’avalanches est effectué en France depuis 1972. Il s’est beaucoup
amélioré au fil des années. À la suite de l’hiver meurtrier 2005–2006, il est apparu en 2007 que leur
positionnement sur une carte topographique n’était que rarement possible. L’utilisation de GoogleEarth améliore le repérage mais ne parait pas encore suffisante. L’intégration possible dans une base
de données de coordonnées GPS, de cartes et de photos annotées, de fichiers textes ou de croquis
devrait améliorer cette localisation. Ensuite la comparaison avec les données de l’enquête permanente
sur les avalanches, l’intégration dans la carte de localisation des phénomènes d’avalanche, et une
première approche de la typologie de ces couloirs deviennent possibles.
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The effectivity of companion rescue with relation to different technical features and certain search
strategies. The procedure of companion rescue includes locating the victim(s) with an avalanche
beacon, probing and shovelling. The improvement of safety gear and the development of certain
rescue systems support this procedure. The major goal of all users is: “The best possible support by the
rescue gear without the requirement of special strategies in the high stress situation avalanche
rescue.” High End avalanche beacons work digitally with three antennas. The goal of these technologies is to make locating an avalanche victim easier and faster. Probes with an acustic signal when
hitting a transmitter, and the possibility to correspond with the hit transmitter to deactivate it, were
developed. Those features support pinpointing, probing and solving a multiple burial situation. The
functionality of different safety equipment was tested in practical field tests in Austria to discover,
which equipment or strategies help best possible to optimize the search time in a double burial
situation. The test persons represented different levels and gender. Beacons with elliptic ranges and/or
without Mark-Function showed significant disadvantages, independent of practicing certain strategies
or not. The search time increased, partly up to the total failure in locating the 2nd victim, independent
of level and gender. A significant decrease of search times resulted in using electronic probes with
acustic support.

Doppelverschüttung beim Lawinenunfall
Die Leistungsfähigkeit verschiedener Rettungssysteme, spezielle Arbeitsweisen und ihr Nutzen in der
Kameradenrettung. Das Prozedere der Aktion Kameradenrettung setzt sich aus den Teilaktionen:
Ortung mittels Lawinenverschüttetensuchgerät (LVS), Sondieren und Schaufeln zusammen. Die stete
Weiterentwicklung der Sicherheitsausrüstung im Einzelnen und die Entwicklung moderner Sicherheitssysteme allgemein unterstützen diese Gesamtaktion um der Forderung der Anwender/Retter gerecht
zu werden: «Eine Notfallausrüstung soll in der Stresssituation eines Lawinenunfall bestmöglich unterstützen, so dass spezielle Arbeitsweisen unnötig sind». High-End LVS-Geräte sind heute voll digital und
mit Dreiantennentechnologie ausgestattet. Das Ziel dieser Technologien ist es, die Ortung zu erleichtern und zu beschleunigen. Sonden mit elektronischer Trefferanzeige und «Deaktivierfunktion»
unterstützen die Punktortung, das Sondieren und die Mehrfachverschüttung. Auf Basis praxisorientierter standardisierter Feldtests wurden in verschiedenen Ausbildungslevels in Österreich, die unterschiedlichen Arbeitsweisen der Probanden und ihre Unterstützung durch moderne Notfallausrüstung zu
schnelleren Ortung bei einer Doppelverschüttungen beleuchtet.
So sind LVS–Geräte mit elliptischen Empfangsreichweiten oder LVS–Geräte ohne Markierfunktion in
der Stresssituation Lawinenunfall klar im Nachteil. Diese LVS-Geräte erfordern eine spezielle Arbeitsweise zur schnellst möglichen Ortung.
Unabhängig vom Ausbildungsstandard und Geschlecht des Anwenders treten oft schwere Fehler in der
Anwendung spezieller Strategien auf. Probanden, die hier nicht von moderner LVS-Technologie unterstützt werden, verzeichnen da einen starken Anstieg der Suchzeiten, bis hin zum kompletten Scheitern
im Auffinden des zweiten Senders. Als entscheidender Faktor zur Verbesserung der Suchzeit wirkt sich
in der Punktortung und beim Sondieren die Verwendung einer elektronischen Sonde mit akustischer
Trefferanzeige aus.
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The range of beacons depends on technical characteristics and on the coupling position to the transceiver. To correct the effects of different coupling positions some manufacturer desires various activities
during the search. These requirements like turning, rotating, and swinging are weakly defined and
therefore rarely used in the right sense from users. Furthermore, these requirements are desired in the
sequent phases of the search in different ways. Therefore, the search strip widths published at the user
manuals are defined in different ways and the users have to do various movements. It can be assumed,
that the published search strip width depends on the personal management of the beacons during the
search. This is problematic in the sense of a general recommendation for a search strip width for each
type beacon. In a first recommendation of the ICAR from 10 October 2008 are search strip widths presented, which are defined by special coupling positions (coaxial and ±45°) multiplied by particular factors
of the different types of beacons. The ranges of all commercially available multiantenna-beacons, supported with the newest software version, were determinate in different coupling positions in an expensive field study. The different runs were done without any consciously moving of the beacons to avoid
changes in the coupling positions. The search paths, which were given by the direction and distance
indications of the beacons, were recorded with a differential global position system in a sub decimetre
resolution. The results are empiric defined useful ranges of beacons, which are independent to a
personal management of beacons. They are partly different to the manuals. These results deliver basics
for further discussions for the useful ranges and the definition of the search strip widths of beacons.
Aktualisierung und Erweiterung einer Feldstudie zur Festlegung der optimalen Suchstreifenbreite bei LVS-Geräten
Die Empfangs-Reichweiten von LVS-Geräten sind einerseits von technischen Merkmalen und andererseits
von den jeweiligen Koppellagen zum Sendegerät abhängig. Um den Effekt der unterschiedlichen Koppellagen zu korrigieren werden von den Herstellern verschiedene Anforderungen an den Benutzer
gestellt. Diese Anforderungen werden durch die Begriffe drehen, schwenken und rotieren nur schwach
und uneinheitlich definiert und von den Benutzern daher selten zielgerecht angewandt. Zusätzlich
werden diese Anforderungen in den aufeinander folgenden Suchphasen unterschiedlich eingefordert.
Die Suchstreifenbreiten sind daher in den gerätespezifischen Bedienungsanleitungen grundverschieden
definiert. Daraus kann abgeleitet werden, dass die in den Bedienungsanleitungen publizierten Suchstreifenbreiten bei vielen LVS-Geräteherstellern wesentlich von den speziell eingeforderten Arbeitsweisen der
Benutzer abhängen. Dies scheint aus der Sicht einer einheitlichen Empfehlung von gerätespezifischen
Suchstreifenbreiten sehr problematisch. In einer ersten Empfehlung der IKAR vom 10. Oktober 2008 sind
Suchstreifenbreiten empfohlen, die aus speziellen Koppellagen (koaxial und ±45°) und gerätetypischen
Faktoren abgeleitet werden. Die Empfangs-Reichweiten wurden in einer aufwendig angelegten Feldstudie mit verschiedenen Koppellagen und mit allen zurzeit handelsüblichen Mehrantennengeräten (mit
letztgültigem Softwarestand) bestimmt. Es wurde ausdrücklich darauf verzichtet mit persönlichen
Arbeitsweisen wie drehen, schwenken und rotieren, (in welche Richtungen auch immer,) die Koppellagen
zwischen Sender und Empfänger zu verändern. Die von den Geräten durch Entfernungs- und Richtungsanzeigen empfohlenen Suchwege wurden mit Hilfe von Differential-GPS im Subdezimeterbereich erfasst.
Damit liegen empirische Empfehlungen von Suchstreifenbreiten vor, die unabhängig von persönlichen
Arbeitsweisen sind und sich teilweise deutlich von den Herstellern empfohlenen Suchstreifen abweichen.
Das vorliegende Ergebnis liefert Grundlagen für weitere Diskussionen im Bereich der einheitlich definierten Reichweiten und den daraus abgeleiteten Suchstreifenbreiten.
172

International Snow Science Workshop, Davos 2009, Abstracts

P 326
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Research in Austria, Switzerland, and North America has shown that complex multiple-victim
transceiver searches are rare. Interviews have shown that shoveling, not beacon searching, is the most
challenging aspect of these rescues. In most cases, the beacon search is performed either as several
beacon searches performed “in series” by a single rescuer or “in parallel” by multiple rescuers.
Searching “in series” has been taught for many years. Shoveling is now being taught in many North
American avalanche courses. “Searching in parallel,” however, is rarely taught. Like shoveling, it is
extremely important and can be applied to both single and multiple burials. In single burials, the
searchers spread out according to a standard search strip width of at least 20 meters. In multiple
burials, this search strip width can be adjusted according to the size of the deposition area and the
number of rescuers. Searchers are instructed not to deviate from their search strip until a specific
distance is shown on their transceiver. This distance corresponds to the search strip width being used
by the group. This ensures that no rescuer complicates the search by crossing other search strips.
By reducing the search strips by using multiple searchers, this technique can address the rare, but
challenging scenario of close-proximity burials. With the worldwide adoption of digital transceivers,
searching in parallel is more feasible for novices than ever before. With clear distance readings, no
sensitivity controls, and no “gridding” or “bracketing” in the course or fine search, even unskilled
beacon users can be valuable in a transceiver search. It only requires a leader familiar with the
technique. Searching in parallel is especially practical in situations at or near resorts – and in guided
groups – where searching manpower is often unlimited. We propose that both shoveling and searching in parallel be taught in all avalanche courses.
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Where as classical avalanche rescue devices are permanently in an active state of protection while
outdoors, many of the newer survival tools like flotation devices need to be activated immediately
after the avalanche released by its user. The complexity of action required to activate the survival tool
differs depending on the design and function of the device. Based on the WSL/SLF database of the
worldwide application of flotation devices, the failure rate is 10 %. In those cases the airbags did not or
not fully inflate. This percentage includes technical and human failures – the later makes 8 % in total
and therefore the majority of all cases. Lack of situational awareness, mental preparedness as well as
physical incapability to pull or reach the triggering handle represent the core problem in the practical
application of flotation devices. Whereas the failure of an individual to activate the device has to be
considered high for a potentially life-saving system, the likelihood for all individuals of a group to fail
is very low, in particular for those ones not caught. Therefore a release community where any group
member may activate the inflation trigger for all flotation devices of the group has the potential to
significantly reduce the release failure rate. The developed remote release technology is designed to
fulfil the many functional, safety and environmental requirements for recreation and professional
application in the winter mountain environment.
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High resolution imaging for environmental monitoring applications
Matthias Keller, Mustafa Yücel, Jan Beutel
Computer Engineering and Networks Lab, ETH Zurich, Switzerland
The PermaSense project strives to collect long-term geophysical data for permafrost research in
Switzerland. By now, we have successfully established two installations at Jungfraujoch and Matterhorn measuring temperature profiles, crack dilatation, pressures and conductivity in the alpine
extremes at 3500 m a.s.l. The data is sampled continuously and relayed to a datacenter in real-time
with low latency. While the currently measured quantities are rather simple measurements we are also
investigating possibilities to measure using more complex methods and devices. In this work we
present a novel optical sensor designed for application in high-alpine locations allowing for very-high
fidelity image acquisition, e.g. to measure the variability of snow cover or detailed rock movement. For
this purpose, a Nikon D300 DSLR camera (12 Mega pixel) has been adapted for unattended operation
at extreme conditions, including a suitable power supply, optically corrected lens port, lens heating
system and wireless data link. In order to support a high image quality and facilitate application in
diverse scenarios different lens options are supported (telephoto, wide angle, infrared). Basically the
system presented can support any kind of digital SLR camera and lens system depending on the actual
application requirements. Designed with a very low-power overall power profile, the system is suited
for long-term operation from either a fixed battery or an optional solar charging facility. In this work
we present the system design as well as live data from our field sites and analysis of such data using
spacial reconstruction techniques.
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The PermaSense remote monitoring infrastructure
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The PermaSense project, a joint computer science and geoscience project, investigates the influence of
climate change on permafrost and specifically the stability of steep rock walls in alpine regions
and future natural hazard scenarios due to global warming. Current practice only allows to make
observations in the mountain cryosphere using limited field studies; larger-scale and longer-term
measurements are very difficult. To this extent we develop autonomous, wireless sensors that allow
the collection, transmission and analysis of data online with reliable and high-quality measurement
systems for extreme environmental conditions. The main goal of PermaSense is to provide long-term
high-quality sensing in harsh environments, to obtain better quality data more effectively and make
measurements that have previously been impossible. The system makes use of state-of-the-art ultralow power wireless sensor nodes that can live off of a single battery for 3–5 years and survive the harsh
environmental conditions in high-alpine regions. A base station is responsible of relaying data to
a server using a long-haul wireless link, e.g. GSM/GPRS or WLAN with low latency on the order of
seconds. Online data analysis allows to assess the state of a field site quickly and to adapt algorithms
and analysis methods when necessary. We are currently operating sensor networks delivering online
data on both the Jungfraujoch and the Matterhorn at 3500 m a.s.l. In this presentation we will
demonstrate the technology currently used in PermaSense and explain how this can be adapted for
other cases of environmental monitoring.
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Swiss Experiment – Providing diverse snow research data sets when and where they are
needed
Nick Dawes1, Michael Lehning1, Mathias Bavay1, Marc Parlange2, Karl Aberer2
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A common issue in today’s electronic world is that data is gathered and used, but left undocumented
and in formats which are later unreadable. The SwissEx collaborative platform aims to integrate
sensors and sensor networks on national, regional and local scales and to apply the latest computer
science techniques to support measurements and interpretation. The platform provides easy local data
acquisition and storage solutions as well as a central interface where data from all of the local storage
instances can be retrieved and combined along with their relevant supporting documentation. This
allows safe, long term data storage and the enhancement of data by integration with other data sets.
Eventually, advanced analysis tools and models such as Snowpack and Alpine-3D will benefit from an
integrated data network whilst advanced data quality monitoring will enable these models to reject
bad data, improving the model results over those currently used operationally. Since 1997, SLF Davos
has led the construction of the IMIS network of automatic weather and snow stations. This provides
data on the macro-scale, with over 200 stations across the Alps. This information is however being
expanded and enhanced by integrating other large scale networks as well as individual measurements
from research projects and satellite based remote sensing. By promoting the development of rapidly
deployable wireless networks of measuring stations such as SensorScope, SwissEx can also rapidly
increase data resolutions (time and space) to provide more accurate input for hazard models, enabling
improved hazard mitigation.
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SensorWebEnablement – Standards and open source implementations for observation data
Stefanie Andrae, Gerald Gruber, Andreas Hecke, Alfred Wieser
Fachhochschule Kärnten, Geoinformation, Villach, Austria
Sensor observation can be applied in the field of emergency management for predicting, monitoring
and managing ecological risks locally and regionally. However, due to technical limitations, sensor
observation marginally meets the challenges in this area. A standardized access to observation data
would allow the reuse of data, as well as transnational and multidisciplinary usage. This paper
introduces standards for sensor observation data, specified by the Open Geospatial Consortium. These
standards comprise a definition of data models, xml-encodings and service interfaces, in order to
make different types of sensor and sensor data accessible and useable via the internet. Additionally,
the paper elaborates on the application of these standards in the domain of avalanche prediction and
snow risk monitoring. A free open source implementation of the standard by the 52North Initiative
for Geospatial Open Source Software GmbH was chosen. A simple home weather station was deployed
on our Departments rooftop to collect observation data for our experiments. We present the use of
these standards on specific applications, such as observations made by a human, made by a meteorological weather station or the output of an algorithm for the correction of raw observation data
values, and discuss the advantages and limitations experienced.
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Measurements of small scale spatial and temporal variability of snow depth and SWE
in a small mountain catchment
Thomas Grünewald, Michael Schirmer, Michael Lehning
WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
Using a new type of terrestrial laser scanner (TLS), which is particularly suited for measurements of
snow surfaces, snow depth, snow water equivalent (SWE) have been monitored in a high alpine
catchment during the winter 2007–2008 ablation period. This allowed for the first time to get a high
resolution (2.5 m) picture of spatial variability of snow depth and its temporal development. A very
high variability with maximum snow depths between 0 and 9 m at peak accumulation was found and
the data set showed a coefficient of variation (CV) of 0.6. This variability increased to a CV of 0.8
during the ablation phase. The spatial patterns of calculated SWE were found to be similar to snow
depth. Average daily melt rates were between 14 mm SWE at the beginning of the ablation period
and 38 mm SWE at the end. Interestingly, the spatial variation of melt rates increased drastically during
the ablation rate and could not be explained in a simple manner by geographical or meteorological
parameters.
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Snowpack depth modelling and water availability from LIDAR measurements in eastern
Pyrenees
Ignacio Moreno1, Antoni Ruiz2, Jordi Marturià1, Pere Oller1, Jordi Piña1, Carles Garcia1, Pere Martinez1,
Julià Talaya2
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In order to evaluate water reserves in mountain watersheds the Institut Geològic de Catalunya (IGC)
jointly with Institut Cartogràfic de Catalunya (ICC) have begun a project to model snowpack depth
distribution at the study site of Vall de Núria (15 km2 basin located in eastern Pyrenees). Remote
sensing airborne LIDAR survey and field work validations were performed to make this calculation.
Modeling snowpack distribution is a complex task because of its spatial variability. Previous studies
apply geostatistical techniques to extrapolate sparse point data obtained from costly field works.
Despite being a recently developed technique, LIDAR has become a useful method in snow sciences
because has the advantage to offer dense point data and to cover wide areas with little economic and
field work effort. The new methodology presented combines LIDAR data with field work, the use
of Geographical Information Systems (GIS) and the stepwise regression tree (SRT), as extrapolation
technique has allowed us to map snowpack depth distribution with spatial high resolution. Extrapolation is necessary because raw LIDAR data is only obtained from part of study area in order to make
the technique as much affordable as possible. Promising results show high correlation between
LIDAR data and field data, validating airborne laser as a good technique to estimate snow depth.
Moreover, differences of total snow volume calculated from modeled snowpack distribution and
total volume from LIDAR data only differ 1 %.
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Innovative devices for the SWE estimation at the basin scale: a field study
in the Western Alps
Barbara Frigo1,2, Germain Bal1,3, Ivan Bevilacqua4, Edoardo Cremonese5, Paola Dellavedova1, Fabrizio
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Maurizio Previati4, Roberto Rege3
1
2
3
4
5

Fondazione Montagna Sicura, Courmayeur, Italy
DISTR – Politecnico di Torino, Italy
DITAG – Politecnico di Torino, Italy
DEIAFA – Università di Torino, Italy
ARPA Valle d’Aosta, Italy

The first results of the “SnowRKnown” project (supported by Fondazione CRT), which investigates the
Snow Water Equivalent (SWE) at the basin scale with innovative devices, are presented. The estimation
of the SWE, the product between the height of the snow cover and the ratio between snow and water
densities, is usually based on punctual measures with traditional techniques (excavation of snow
trenches and vertical density profiles). These techniques are time consuming and require a large
employment of human resources when applied to alpine basins of several square kilometres area. We
integrated the use of electromagnetic devices, the Ground Penetrating Radar (GPR) and the Time
Domain Reflectometry (TDR). Water Content Reflectometry (WCR) – Campbell CS616 – measures were
also carried out. We performed two campaigns (during April 2008 and April 2009) to a portion of the
Breuil-Cervinia basin (Valtournenche, Aosta Valley) confined by Colle Superiore di Cime Bianche
(2980 m a.s.l.), Plateau Rosà (3450 m a.s.l.) and Goillet Lake (2516 m a.s.l.). A statistical analysis of the
snow cover depth is performed together with the correlations between the bulk snow electrical
permittivity and the snow density. We adopted a geostatistical approach (data Kriging) to give the
spatial variability of the snowpack and map the snow depths and densities. We validated the results by
the comparison with the traditional survey ones. The analysis of the spatial variability of the snow
depth and density permitted to obtain a realistic estimate of the SWE at the basin scale.
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Satellite observed SCA and gamma distributed snow in the HBV model
Thomas Skaugen, Frode Randen
The Norwegian Water Resources and Energy Directorate, Oslo, Norway
Areas having a seasonal snowpack experience a risk of melt-floods. The magnitude of such a flood is
highly dependent on the available water stored in the snow reservoir. Therefore it is of vital
importance to estimate the reservoir as accurate as possible. The proposed method models the snow
reservoir dynamically throughout the winter season, only using precipitation and temperature as
input. Every snowfall and melting event, as well as the total accumulated snow reservoir, is spatially
distributed according to a gamma distribution. The model has the ability to mimic the observed
distributional change from highly left skewed early in the accumulation season, a more normal distribution near the snow maximum, to an increasingly left skewed as the melt season progress. This
process is important for the evolution and production of snow free areas and hence for the discharge
dynamics. Also; a model that can predict a realistic development of bare ground is a prerequisite
for utilizing satellite derived snow covered area (SCA), thus making it possible to update the snow
reservoir for instance due to faulty model input. In incorporating remotely sensed SCA we have to
make sure not to introduce faulty estimations that would propagate to a reduction in the accuracy of
the discharge predictions. The work will be presented by means of the HBV-model for two test
catchments situated in the mountainous parts of South-Norway. SCA-values for both catchments are
derived from AVHRR scenes utilizing the Norwegian-Linear-Reflectance-to-snow-cover (NLR) algorithm.
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Snow cover monitoring and modeling in the Alps using multi temporal MODIS data
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Snow is an important physical parameter in hydrology, weather forecast and climatological models.
Due its temporal and spatial synoptic view, the satellite sensors offer a unique advantage in
monitoring snow cover. In this context, the Moderate Resolution Imaging Spectrometer (MODIS) from
NASA is useful for many global cryospheric applications due to its high temporal frequency. However,
for regional issues, the MODIS standard products, e.g. the snow cover (MOD10) do not satisfy local
needs, especially in mountain regions because of its coarse resolution. This study presents an intercomparison between the MODIS standard product and an own snow cover product developed in order
to take into account the specific requirements of mountain regions (1), with a focus on the Alps. This
algorithm requires as input data the standard MODIS products MOD09 and MOD02 and generates
snow cover maps at 250m resolution. The results from this algorithm have been also validated by
taking into consideration snow maps derived from Landsat data with a resolution of 30 m. The aim of
this part of the analysis is to produce time series of snow cover maps over the Alps. Furthermore the
satellite time series of snow cover maps have been compared with the outputs of the hydrological
model GEOtop (2). The comparison allows a validation of the model, and, in parallel, the estimation of
the temporal evolution of the snow water equivalent. This is a first step towards the implementation
of a high resolution assimilation system and of a modeling tool to help in the prediction for future
scenarios.
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Snow simulation and forecasting through all Norway, the SeNorge model
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A model has been recently set up (since 2006) that provides the snow conditions, along with other
hydrometeorological parameters, for all Norway at 1 km resolution. This model is called “Senorge”
(See Norway), and is described in this work. It is an operative model that is run daily predicting snow
water equivalent, snow depth, snow changes (for melting and snowfalls), and snow wetness, and the
results are published daily in the Senorge website (www.senorge.no). Though melting is estimated
with a temperature index approach, a simple module describing snow metamorphism has been
implemented and tested against several measurements performed in snow pillows. The goals and
ambitions are various, and range from water resources monitoring and water availability assessment
for hydroelectric power to avalanche warning and evaluation of skiing condition. Efforts are currently
being made to improve this model, in particular implementing a full energy balance model and
trying some procedures of data assimilation of remotely sensed data. In addition, a progress in the
snowpack description in order to provide information about avalanche occurrences is being
investigated.
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Towards a 25 year snow cover time series over the European Alps derived from NOAA
AVHRR satellite data
Fabia Huesler, Stefan Wunderle
Remote Sensing Research Group, University of Bern, Switzerland
NOAA AVHRR has been employed for the last 25 years with little changes of the sensor over time and
consequently offers a unique data archive for satellite-derived long-term climate studies. An additional
advantage is the high temporal resolution of NOAA AVHRR which overcomes the problem of frequent
cloud cover over the Alps whereas the medium spatial resolution means a challenge in snow cover
retrieval in the rugged terrain of the Alps. Snow cover retrieval based on aggregated rating algorithm
applied to NOAA AVHRR (1.1 km) HRPT data derived from different sensor platforms has been tested
and validated. Selected snow cover maps are generated considering the whole time period as well as
distinct Alpine Regions and compared with in situ surface parameters from snow measurement stations
in the Swiss Alps. Accuracy related to snow detection, sensor portability and robustness in rugged
terrain of the newly applied method is evaluated in order to establish a reasonable long-term snow
cover retrieval for the foreseen reprocessing of NOAA AVHRR data. The provided archive reaching back
to 1984 will then be processed with the evaluated snow cover algorithm supporting also older sensors.
Non-target signal variability such as atmospheric variability, sensor calibration effects and sensor drift
need to be removed to ensure that trends in the time series obtained from the archived data are real
and not externally caused artifacts. The compiled time series needs to undergo further validation by
using ground based station data as well as data derived from other satellites. Finally, the established
and validated time series data set is planned to be available for the use in long-term climate related
studies concerning snow cover dynamics over the European Alps meeting the GCOS-requirements.
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Automated detection and mapping of rough snow surfaces including avalanche deposits
using airborne optical remote sensing
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Rapidly available and accurate information about the location and extent of avalanche events is
important for avalanche forecasting, safety assessments for roads and ski resorts, verification of
warning products, as well as for hazard mapping and avalanche model calibration / validation. Today,
observations from individual experts in the field provide isolated information with very limited
coverage. This study presents a methodology for an automated, systematic and wide-area detection
and mapping of avalanche deposits using optical remote sensing data of high spatial and radiometric
resolution. A processing chain, integrating directional, textural and spectral information, is developed
using ADS40 airborne digital scanner data acquired over a test site near Davos, Switzerland. Though
certain limitations exist, encouraging detection and mapping accuracies can be reported. The presented approach is a promising addition to existing field observation methods for remote regions, and can
be applied in otherwise inaccessible areas.
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Trends in annual maximum snow water equivalent in South-Norway (1915–2008)
Heidi Bache Stranden, Thomas Skaugen
Norwegian Water Resources & Energy Directorate (NVE), Oslo, Norway
Temperature and precipitation have showed positive trends in Norway for the past century while the
snow cover has decreased in the northern hemisphere in the past 50 years. Future scenarios
(2071–2100) of temperature and precipitation for Norway indicate that the trends will continue to be
positive. In this study we will examine possible trend in snow water equivalent (swe), and compare
trends in swe with trends in temperature and precipitation. Since 1915, snow has been measured in
mountainous areas in Norway in relation to power production and flood forecasting. The observations
are mainly done by the power production companies at expected snow maximum. Most of the
measurements are at high altitudes which give us a unique opportunity to do analyses in areas that are
poorly covered by meteorological stations. Preliminary results indicate that swe in the mountains,
analysed for the entire time period (1915–2008), is increasing, and that this tendency is apparent for
altitudes as low as 350 m a.s.l. Different time-periods and missing year with data influences the
sensitivity of the trend analysis, but if we distinguish for different time periods, we find a statistical
significant positive trend for most locations from 1960–1990. From 1930–1960, however, several
snowstations shows a statistical significant negative trend. Since 1990, no trend seems to be present.
This analysis is carried out in cooperation with the Norwegian meteorological office as a part of the
NORCLIM-project.
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Recent snow cover variations and avalanche activities in the Southern Alps
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Snow and albedo play a significant role in the earth’s radiation balance. Snow cover extension of the
northern hemisphere in the last forty years generally decreased (with direct and indirect cionsequences
for the climate and the atmospheric circulation). Available data on seasonal snow cover trend are yet
inadequate and restricted to few nations. Few European studies in the Northern Alps highlighted a
decrease in snow cover duration and an increase of its elevation for tourism purposes. With the data of
more than 60 sites located in the Southern Alps a first budget of the recent snow cover trend has been
outlined. Compared to the 1961–1990 mean value, snow cover duration decreased on average by
14 days, with a major influence on elevations lower than 1600 m a.s.l. if compared to higher ones.
Seasonal snow accumulation is decreasing, at all elevations, since 1990. The winter 2008–2009 was the
3rd or 4th more snowy season since 1930. During this winter spontaneous avalanche activity was
frequent and extreme avalanches often released. The 2008–2009 winter daily observation data of
several sites located in the Southern Alps were used to find interconnections between recent snow
cover variations, spontaneous avalanche activity and avalanche accidents.

Variazioni recenti del manto nevoso e dell’attività valanghiva sulle Alpi meridionali
La neve e l’albedo giocano un ruolo importante nel bilancio radiativo del pianeta. Negli ultimi 40 anni,
nell’Emisfero Nord, l’estensione della copertura nevosa è in generale diminuita (Dye, 2002; IPCC, 2007;
Scherrer et al, 2004) con le relative ripercussioni dirette e indirette sul clima e sulla circolazione atmosferica (Lo e Clark, 2001; Saito e Cohen, 2003). I dati a disposizione riguardo l’andamento stagione del
manto nevoso sono ancora pochi e limitati ad alcune nazioni. In Europa alcuni studi sono stati condotti
oltre alpe e hanno evidenziato la diminuzione della durata della neve al suolo e l’innalzamento della
quota delle neve sicure per le attività sciistiche. Con i dati relativi a più di 60 stazioni ubicate sul
versante meridionale della Alpi è stato possibile tracciare un primo bilancio dell’andamento recente
del manto nevoso. Rispetto alla media 1961–90, la permanenza della neve al suolo, è diminuita
mediamente di 14 giorni, con un incidenza maggiore alle quote inferiori ai 1600 m rispetto alle quote
più elevate. Per quanto riguarda il cumulo stagionale di precipitazione nevosa, è in calo a tutte le
quote dal 1990 in poi. La stagione invernale 2008–2009 è stata una delle 3–4 stagioni più nevose dal
1930 ad oggi. Durante l’inverno l’attività valanghiva spontanea è stata frequente e spesso sono cadute
valanghe estreme. Partendo proprio dalla stagione 2008-2009, utilizzando i dati di osservazioni
giornaliera presso alcune stazioni delle Alpi Orientali, sono state ricercate le interconnessioni fra le
variazioni recenti dell’innevamento e la frequenza dell’attività valanghiva spontanea, nonché degli
incidenti da valanga.
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Results of 50 Years of climate reanalyses in the French Pyrenees (1958-2008) using
the SAFRAN and CROCUS models
Malou Maris, Gerald Giraud, Yves Durand, Jean-Pierre Navarre, Laurent Merindol
CNRM-CEN/GAME (Météo-France, CNRS), Grenoble, France
Due to the lack of sufficient amount of directly observed long-term snow data, the French SAFRANCROCUS model chain, usually applied for operational avalanche forecasting, has been used for
retrospective snow and weather climate analyses in the French Alps from 1958 until 2002. Now the
same study is ongoing for all the French Pyrenees massifs during the 1958–2008 period. The used
method merges all the available observed information with guess-fields values issued from the
reanalyzed atmospheric data (ERA-40) of the European Centre for Medium-Range Weather Forecasts
and since 2002 from the ARPEGE atmospheric data (French meteorological model). In term of climatology, the mean annual precipitation in the western foothills of the Pyrenees with more than
2000 mm are 2 times greater than in the eastern foothills. Annual air temperature is colder in the west
(near 5 °C) than in the east (near 6 °C). As overall trend in France during the observation period
1958–2008 the annual air temperature has been rising in the order of magnitude by about 1 °C. However, variations are large at varying altitudes and for different regions. A main characteristic is also
a large year-to-year variability with regard to the smoothed trend lines. Precipitation trends are rather
diverse making it hard to detect clear tendencies. Year-to-year variability is big and trends remain
uniform at varying elevations. Snow parameters in the Pyrenees are characterized by a marked
declining gradient from the western foothills to the-eastern regions. Enhanced at low elevations,
trends in snow depth evolution are mainly negative.
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Main challenges and problems in forecasting the avalanche danger for the Swiss Alps
Thomas Stucki
WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
The presentation examines the limitations of avalanche forecasting from three perspectives, namely
the forecasting territory, the data situation and the forecasting process. The Swiss avalanche warning
service assesses an area of around 29,000 km2 (Alps and Jura – about 70 % of the area of Switzerland)
with a variety of microclimates and altitudes ranging from 200 m to 4600 m. This diversity is reflected
in the large number of measuring stations and networks. Compared with the numerous available
readings of weather parameters, the volume of data collected from the snowpack is relatively meagre
– considering the influence of aspect and altitude on snowpack development. In order to keep
spending within acceptable limits in the current climate, evaluation of the snowpack must be restricted
to sampling on especially endangered slopes. Snowpack stability – the key parameter for an assessment
of avalanche danger – can be assessed only at selected sites. Even the analysis of current conditions is
therefore an estimate, especially if the avalanche situation is changing rapidly. The avalanche danger
forecast is produced by combining and weighting weather parameters that affect avalanches and
considering their influence on the snowpack. Fairly crude rules are applied. The constellations likely to
trigger natural avalanches, for example, and their size and timing can be only crudely estimated.
An enhanced understanding of processes and a useful combination of tools, such as expert systems and
process-oriented or statistical models, could contribute in future to better and more consistent
forecasts. Obtaining knowledge of local snowpack development, with sufficient resolution in place and
time, is, however, likely to remain as big a challenge as making forecasts more precise.

Grösste Herausforderungen und Probleme bei der Vorhersage der Lawinengefahr in den
Schweizer Alpen
Im Referat werden die Grenzen der Lawinenprognose aus drei Blickwinkeln beleuchtet: Aus der Sicht
des einzuschätzenden Gebietes, aus der Sicht der Datenlage und aus der Sicht des Prognoseprozesses.
Der Lawinenwarndienst der Schweiz beurteilt eine Fläche von etwa 29‘000 km2 (Alpen und Jura – ca.
70 % der Fläche der Schweiz) mit unterschiedlichen Klimaten auf kleinstem Raum und Höhenlagen von
200 m bis 4600 m. Ein recht dichtes Netz von Messstationen verschiedener Messnetze trägt dieser
Vielfalt Rechnung. Sehr viele Messungen zu Wetterparametern sind verfügbar, wogegen die Datenlage
aus der Schneedecke vergleichsweise eingeschränkt ist – denkt man zum Beispiel an die Expositionsund Höhenabhängigkeit der Schneedeckenentwicklung. Um aus heutiger Sicht den Aufwand in einem
tragbaren Rahmen zu halten, muss man sich für die Beurteilung der Schneedecke auf Stichproben
besonders gefährdeter Hanglagen beschränken. Die Schneedeckenstabilität – die zentrale Grösse für
die Beurteilung der Lawinengefahr – kann nur selektiv und punktuell quantitativ erfasst werden.
Daher ist bereits die Analyse des Istzustandes eine Annäherung, vor allem wenn sich die Lawinensituation rasch verändert. Die Prognose der Lawinengefahr wird anhand der Kombination und Gewichtung
lawinenrelevanter Meteoparameter und deren Einfluss auf die Schneedecke gemacht, wobei grobe
Regeln angewendet werden. Bei welchen Konstellationen zum Beispiel spontane Lawinen abgehen
und welche Grösse diese erreichen oder ab welchem Zeitpunkt diese auftreten kann nur grob abgeschätzt werden. Ein besseres Prozessverständnis sowie eine sinnvolle Kombination von Hilfsmitteln wie
Expertsysteme und prozessorientierte oder statistische Modelle könnten in der Zukunft einen Beitrag
zu besseren und konsistenteren Prognosen leisten. Die Entwicklung in der Schneedecke in genügend
hoher räumlicher und zeitlicher Auflösung vor Ort zu kennen dürfte aber eine ebenso grosse Herausforderung bleiben, wie die Prognosen zu präzisieren.
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Downer EDI Works Limited, Te Anau, New Zealand

We report observations of avalanche activity during rain events and measurements of outflow
telemetered from an array of lysimeters located near the start zones of avalanche paths that threaten
the Milford Highway in New Zealand. Avalanche activity is often widespread minutes after the onset
of rain; the timing of these immediate avalanches can be predicted with an accuracy of less than an
hour from meteorological forecasts of the transition from snow to rain. The avalanche potential can
remain high for several hours after rain started. Accurate prediction of these delayed avalanches
is complicated by difficulties defining how the stress and strength of a snow pack evolves during
infiltration of liquid water. During continued rainfall, avalanche activity usually decreases after 24
hours; we have not observed avalanches more than 36 hours after the onset of rain. The evolution of
snow stability can be tracked by monitoring outflow from the bottom of the snowpack using
lysimeters. The time between the onset of rain and first outflow varies depending on the rate of
rainfall as well as the stratigraphy and temperature of the snowpack. A large flux of water infiltrates
through isothermal, homogeneous snow faster than a small flux through a cold, layered snow pack.
The return to stability occurs when the rate of outflow is similar to the influx, an indication that
drainage through the snowpack has been well established. Forecasting slope stability during rain over
regional scales requires a spatial array of lysimeters because snow properties and rainfall rates often
vary over short distances.
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Evolving public uses and the general avalanche forecast
Bob Comey1,2, Chris McCollister1,2
1
2

Bridger-Teton National Forest Avalanche Center, U.S.A.
Jackson Hole Mountain Resort, U.S.A.

Improvements in equipment and easy access from ski resorts and mountain highways are changing
backcountry travel habits. Extreme terrain that was historically only accessed by experienced alpinist
during stable conditions is now frequented by free riders on a routine basis. A growing number of the
public’s primary interest is skiing or riding steep couloirs, cliff areas and major avalanche paths.
Less experienced members of this group are often resort based skiers who are in the early stages of
developing avalanche hazard assessment skills. The Bridger-Teton National Forest Avalanche Center
(BTAC) has issued daily general avalanche hazard advisories since the mid 1970’s. Although these
advisories include morning and afternoon avalanche hazard level ratings for specific elevations they
are general in nature. The information issued by the center is an essential resource for this important
user group. As the avalanche hazard decreases our forecasters are increasingly challenged to
communicate to these users that although mostly stable conditions exists our “general avalanche
hazard rating” should not be applied to extreme terrain where slope specific knowledge and expert
avalanche hazard assessment skills are always required. To address this challenge the BTAC is
partnering with a local company to produce a short film that addresses this important topic. This film
will be linked to our website and shown at avalanche awareness presentations.
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Reaching avalanche-unaware users in Utah, U.S.A.
Bruce Tremper
Utah Avalanche Center, U.S.A.
In the state of Utah in the U.S.A., we have an “urban backcountry” in which 1.5 million people live
directly at the base of a mountain range with a 2000-meter vertical rise and accessible within
a 15-minute drive. In addition, the western U.S. as well as Canada, has large populations of snowmobilers in almost all mountain ranges in rural areas. Thus, many people traveling into the mountains
are avalanche unaware. Two thirds of the people who died in avalanches in the U.S. were not wearing
beacons and we estimate that 90 percent of them did not consult the avalanche bulletin that day.
Our goal is to find ways to communicate critical avalanche information to avalanche unaware people.
We have experimented with a number of methods and we are utilizing the work of Ian McCammon,
who advises us on human factors and effective communication methods from other disciplines. This
talk outlines some of these ideas, experiments and methods that have proven to work including
trailhead signs, viral marketing, peer pressure, classes, billboards, radio, television and the Internet.
With all of these methods, we hope that people will become aware of avalanche hazard, take an
avalanche education class, carry the proper rescue gear and consult the avalanche bulletin before
heading out.
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Significance of the simplified Rutschblock test for avalanche warning in Bavaria
Georg Kronthaler
Lawinenwarndienst Bayern, Germany
Alongside automatic measuring stations, the Bavarian avalanche warning centre, avalanche committees and afternoon observers of the Bavarian avalanche warning service primarily apply systematic
avalanche science to assess the avalanche danger. Special attention is paid to weak layers and the
type of snow layering. Instead of stability values, the assessment is based on the properties of weak
layers. The simplified Rutschblock test is a method of locating and determining the properties of weak
layers within the snowpack. Process thinking is applied to resolve the issue of the extensiveness of
weak layers. Process thinking is understood to mean the spatial transfer of the process required for
formation of the weak layer. In winter 2008–2009 an investigation was launched in Bavaria to examine,
among other things, whether an observer is able to transfer individual results to the expanse of snow
with the aid of the simplified Rutschblock test and process thinking. According to initial evaluations, a
significant concurrence is apparent in several areas. If a weak layer was detected or even if a weak
layer did not exist, the result was more or less 100 % transferable. Similar results for transferability
were achieved with the parameters “thickness of weak layer“, “crystal size of weak layer”, “hardness
of overlying layer” and “personal assessment of the danger”.

Die Bedeutung des «kleinen Blocktest» für die Lawinenwarnung in Bayern
Die Lawinenwarnzentrale Bayern, die Lawinenkommissionen und Nachmittagsbeobachter im Lawinenwarndienst Bayern verwenden zur Gefahreneinschätzung neben den automatischen Messstationen im
Wesentlichen die Systematische Lawinenkunde. Ein besonderes Augenmerk wird dabei auf Schwachschichten und die Art der Schneeüberlagerung gelegt. Anstelle von Stabilitätswerten werden Eigenschaften von Schwachschichten zur Beurteilung herangezogen. Der «Kleine Blocktest» ist eine Methode, Schwachschichten innerhalb der Schneedecke zu lokalisieren und deren Eigenschaften festzulegen.
Die Frage der Grossflächigkeit von Schwachschichten wird mit Prozessdenken gelöst. Unter Prozessdenken versteht man die räumliche Übertragung des für die Bildung der Schwachschicht notwendigen
Prozesses. Im Winter 2008/2009 wurde in Bayern eine Untersuchung begonnen, die u.a. überprüfen
soll, ob der Beobachter mit Hilfe des kleinen Blocktests und des Prozessdenkens in der Lage ist, Einzelergebnisse auf die Fläche zu übertragen. Nach ersten Auswertungen kann folgende Tendenz erkannt
werden: Eine hohe Übereinstimmung besteht bei folgenden Punkten: War eine Schwachschicht erkennbar oder auch keine Schwachschicht vorhanden, konnte dieses Ergebnis zu nahezu 100 % übertragen werden. Ähnliche Ergebnisse wurden bei der Übertragbarkeit der «Dicke der Schwachschicht»,
«Kristallgrösse der Schwachschicht», der «Härte der überlagernden Schicht» sowie bei «der persönlichen Einschätzung der Gefährdung» erreicht.
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Relevance of the snow cover stability test ECT for avalanche forecasting in Switzerland
Kurt Winkler
WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
In Swiss avalanche forecasting operations, the snow cover stability is determined by a Rutschblock test
in combination with a comprehensive snow pit. During the winter 2007/08 we started a study with the
goal to find methods to improve snow cover stability information in the available time. In a first step
we compared the true stability of a large number of test slopes with the results of different types of
stability tests, performed on the same slopes.With a True Skill Score > 0.6, the Rutschblock (RB) and the
Extended Column Test (ECT) are better suited to differentiate stable from unstable slopes as the
Compression Test (CT), structural instabilities (Lemons) or the combination thereof. The ECT is preferred
over the RB, because it is time-saving. In terms of ease of use, the ECT requires some more skills from
the observer than the RB test, especially for the observation of a fracture, which does not initially
propagate the whole block.Up to now, “stable” and “suspect” slopes cannot be distinguished from the
ECT. The lack of an intermediate stability class is a disadvantage in the operational use for avalanche
forecasting and calls for further research. Two adjacent ECTs with contradicting test results might be
evidence for an intermediate stability class. Current investigations will show if it is useful to perform
two ECTs at some distance. Depending on future results, the ECT may have the potential to replace the
RB. Until then, we still instruct the RB to the SLF-observers.
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Key field observations for supplementing and localizing the avalanche danger rating
Bruce Jamieson
University of Calgary, Canada
Snow avalanche danger can vary considerably within forecast regions, especially large regions.
Professionals and experienced recreationists routinely use the regional forecast along with local
observations to estimate the local avalanche danger. However, some less experienced recreationists are
unsure how to interpret the various field observations. To identify some key field observations, we
conducted a field study during the winters of 2006–07 and 2007–08 in three distinct snow climates in
western Canada: maritime, continental and transitional. Experienced observers rated the local
avalanche danger and made 24 observations of weather, avalanche activity and simple manual snowpack tests such as the hand shear test and ski pole test. In all three snow climates, the regional danger
rating was better correlated with the local avalanche danger than any single field observation.
However, we sought local observations which could supplement and localize the regional forecast.
Many of the weather variables correlated better with the regional danger rating than with the local
rating, and hence were not useful for localizing the avalanche danger. The key local observations were
wind deposits, snow rolls and whumpfs in the maritime snow climate, recent slab avalanching,
whumpfs, the hand shear test and cracking at the skis in the transitional climate, and blowing snow,
snow surface conditions and probing with the ski pole in the continental snow climate. Explanations
will be offered as to why the specific key observations were better correlated with local danger in
each snow climate.
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Interpretation of prevalent avalanche scenarios on the basis of the anticrack model
Stephan Harvey1, Joachim Heierli2
1
2

WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
Centre for Materials Science and Engineering, The University of Edinburgh, U.K.

Each winter the build-up of snow conditions is unique and distinctive, but a wide variety of avalanche
situations can be exemplified by a small number of typical scenarios. Such scenarios can be of
great value to practitioners, in particular for typifying intricate avalanche situations, for increasing the
transparency of the decision-making process or for the purpose of teaching and training. In the
present contribution, four typical scenarios are explored: the new snow situation, the wind slab
situation, the persistent weak layer situation and the wet snow situation. In order to understand the
reason why the snowpack fails in each case, a prototypal snow stratification is assumed that illustrates
the essential qualities of each case. These stratifications are then analysed on a theoretical basis by
studying their stability to anticrack formation and anticrack propagation. In parallel, the situations are
judged from a practitioner’s point of view using empirical rules and by consulting avalanche databases.
The aim of the study is to find new ways of detecting the critical moments and critical configurations
in the characteristics of an avalanche situation of one of the above types. The better these can be
identified, the more specific one can be in communicating the hazard and in taking decisions to
mitigate the consequences.
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Mind or machine? – Numerical avalanche forecasting
Michael Lehning
WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
Avalanche forecasting is a small business worldwide when compared e.g. to hydrological forecasting or
weather forecasting. This may be one reason why development and progress in forecasting techniques
is slow. This contribution explores the hypothesis that currently danger ratings based on models have a
similar nominal quality as local to regional danger ratings by experts. However, a simple danger rating
by a machine is of little value because an avalanche bulletin contains much additional information and
the danger level alone is often an insufficient basis to make a decision about an individual slope or a
decision on road closures etc. On the other hand, a model based decision has the very attractive
feature of being objective and reproducible. Based on the analysis of the current status of machine
based avalanche forecasting, possible future avenues are discussed and it is concluded that the
machine should be a regular sparring partner already in nowadays forecasting.
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Avalanche patterns as aid in avalanche forecasting
Patrick Nairz
Avalanche Warning Service Tyrol, Innsbruck, Austria
Everyone who deals for a long time with avalanches will automatically take his great experience for
evaluating the avalanche danger. The principle is always the same: You compare (often unconsciously)
earlier situations with the actual one. If there are big similarities of the weather-situation and the
stratigraphy of the snowpack you should have a comparable avalanche-situation. Since a few years the
Avalanche Warning Service Tyrol has started to structure a winter-season in clearly definable
avalanche-relevant-situations which are called “avalanche-patterns.” For each of those patterns we
collected well documented case-studies of different winters (using snow-profiles, data of automatic
weather stations and lots of pictures) and applied them in our courses for avalanche commissioners.
The feed-back is very promising and our goal is clear: We want to train our avalanche commissioners
in independently recognizing such patterns, which should support them in their work. Additionally we
also see big potential in the ongoing process by the Avalanche Warning Services in optimizing the
assignment of a given avalanche situation to a danger level.
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Climate change and snow reliability
Christian Rixen
WSL Institute for Snow and Avalanche Resarch SLF, Davos, Switzerland
We need to know future snow reliability to assess impacts of climate change on winter tourism.
Especially, natural snow reliability needs to be distinguished from snow reliability when snowmaking
facilities are applied. We used regional climate scenarios from three ski resorts in the Swiss Alps to
estimate future changes in snow cover and future possibilities of snowmaking. Our results show that
even today natural snow cover is not reliable anymore (at least 100 days with a snow depth ≥ 30 cm
from 1 December through 15 April) at the lowest elevation (approx. 1200 m a.s.l.) of some ski resorts.
By 2050 natural snow reliability will be questionable even at intermediate elevation (approx. 1500 m
a.s.l). Even conditions for snowmaking will be considerably reduced by 2030 and may be insufficient
at elevations around 1200 m a.s.l. Our results show the need to consider the regional climate characteristics and scenarios in ski resorts.
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Adaptation strategies in Zermatt
Christen Baumann
Zermatt, Bergbahnen AG, Switzerland
The Zermatt ski resort extends from an altitude of 1600 to 3883 m a.s.l. It is the highest ski resort in the
Alps. Why does snow have to be made artificially here? In Zermatt, 600,000 m3 of water a year are
consumed in distributing snow on the pistes by way of 800 lances and low-pressure machines. The
water is drawn from lakes and the utilities’ reservoirs. In Zermatt, the pistes are open 365 days a year.
It is the resort’s altitude that allows year-round skiing. Of all the summer ski resorts in the Alps,
Zermatt is the one at the highest altitude. What are the snow conditions like and what lies in store for
the future? Snowfarming has been practised for several years in various places on the glacier. What
does this achieve? Glacier blankets have also formed part of the everyday toolkit of the Zermatt
railway and cableway operator for many years. What action is taken and in which locations? Are the
measures a success?

Adaptionsstrategien am Beispiel Zermatt
Das Skigebiet Zermatt liegt zwischen 1600 und 3883 m ü.M. Es ist das höchstgelegene Skigebiet der
Alpen. Warum muss hier technisch beschneit werden? In Zermatt werden jährlich mit 600 000 m3
Wasser und 800 Lanzen und Niederdruckmaschinen die Pisten beschneit. Das Wasser stammt von Seen
und Wasserfassungen der Elektrizitätswerke. In Zermatt sind die Pisten 365 Tage im Jahr offen. Dies ist
möglich dank der Höhenlage. Zermatt ist das höchstgelegene Sommer-Skigebiet der Alpen. Wie sind
die Schneeverhältnisse und wie sieht die Zukunft aus? Snowfarming wird an verschiedenen Orten auf
dem Gletscher schon seit vielen Jahren durchgeführt. Was bringt dies? Auch Gletscherabdeckungen
gehören schon seit vielen Jahren zum Alltag der Zermatt Bergbahnen. Wo wird was durchgeführt, mit
welchem Erfolg?
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Optimisation of snow production with the use of continuous snow height measurements
Jean-Christophe Loubier
Institut de Géomatique et d‘Analyse du Risque, Université de Lausanne, Switzerland
Since the early 2000s, the question of the use of machine-made snow to ensure activity in the ski areas
is a controversy concerning the implementation perspective of this issue according to the paradigms
of climate change and sustainable development that seem to oppose the economic needs of winter
tourism. According to the Advisory Body on Climate Change (OCCC), we can expect an average rise of
the limit of 0 degrees by 360 m in 2050. Machine-made snow will become a solution. The use of
machine-made snow raises environmental issues which can no longer be denied. However, these issues
should not be disconnected from local economic specificities of the high mountain valleys where the
ski economy is critical. The project which will be introduced here is into economic-environmental
interface. The aim is to develop a tool for managing the production of snow. It will be possible to:
(a) reduce production costs and improve profit margins of companies operating ski areas, and
(b) reduce the impacts by an optimized snow production “just in time”. In this way, amounts of water
and energy needs will be minimized. The approach used is to measure the heights of the snowpack
via a radar mounted on a grooming machine and then to analyze these data to predict the evolution
of heights. A map of probable heights is provided to decision makers, allowing them to adjust their
production strategy based on the situation.
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SkiSim – A tool to assess the impact of climate change on ski season length
and snowmaking
Robert Steiger
University of Innsbruck, Austria
Winter tourism is highly sensitive to climate change. Natural snow reliability is losing its relevance for
ski area managers, as for example in Tyrol 70 % of the ski slopes are already covered by snowmaking.
With still rising investments in snowmaking, tourism destinations further increase their dependency on
ski tourism. While today snowmaking is a technology to guarantee a desired season length, it is
questionable if it can serve as a sustainable strategy against climate change. The aim of this study is to
assess the development of ski season lengths and snowmaking requirements under different climate
change scenarios for ski areas in Tyrol. A semi-distributed ski season simulation model (“SkiSim”)
was developed producing results for 100 m altitudinal bands. Thus it is possible to assess changes for
the entire ski area (e.g. the total volume of required technical snow). The results for the baseline
(1971–2000) were validated with reported ski season lengths. Based on climate change signals from the
regional climate model REMO (10 x 10 km resolution), eight climate change time series (2001–2100)
under two emission scenarios (A1B and B1) were produced with the LARS weather generator. In total
120 ski areas in Tyrol are investigated in the running project. First results of six ski areas for the 2050s
(A1B) show that low lying ski areas (below 1200 m a.s.l.) could lose 33 % of their ski season. Medium
elevated areas (up to 2000 m a.s.l.) could lose up to 14 %, while high elevated areas (up to 2500 m)
could maintain current ski season length. However the projected increase in required snow production
ranges from 47–153 % depending on the altitudinal distribution of the ski slopes. As soon as results for
all ski areas are available, it is possible to assess the degree of impact for tourism destinations for each
timeframe in the research area.
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On the salting of the Horstman Glacier in Whistler, BC and how the salting affects the meltwater and downstream environment
Nicolas Teichrob
Department of Geography, University of British Columbia, Vancouver BC, Canada
Skiing and snowboarding occur on the seasonal snow of Blackcomb Mountain, British Columbia,
Canada, which includes two glaciers: the Blackcomb Glacier and the Horstman Glacier. To allow for
additional skiing and snowboarding during the months of June and July, salt (NaCl) is applied to the
Horstman Glacier and snow is redistributed over the glacier. Although European studies have
documented that salting ski pistes can have negative effects on the environment, no research has been
conducted to study the continuous application of salt onto a glacier and the effects on the downstream environment and meltwater. In this study we examined the temporal changes in chloride
concentration in Horstman Creek in order to determine how the salt is transported through the snow,
glacier and downstream. Using neighbouring Blackcomb Glacier and Blackcomb Creek as a reference
system, automatic samplers were used to collect water samples for two periods of sixteen days
each during the summer of 2008. The concentrations of chloride in Horstman Creek were found to be
elevated by one to two orders of magnitude in comparison to regional background values and those
of Blackcomb Creek during both sampling periods. The pattern of chloride concentration suggests that
some of the NaCl applied to the glacier makes its way downstream as initial snowmelt runoff and some
is stored within or below the glacier and released at a later time. However, despite the fact that
90,020 kg of NaCl was applied during summer 2008, the elevated concentrations did not reach a level
of environmental concern during our period of record.
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Snowfarming: preserving snow over the summer – a worthwhile practice?
Norbert Gruber
Destination Davos Klosters, Switzerland
In the summer of 2008, the engineering department of the Davos Klosters district cooperative joined
forces with WSL Institute for Snow and Avalanche Research SLF, Davos, to conduct a field trial. The
purpose was to investigate whether snow can be preserved during the summer months at intermediate
altitudes in central Europe. A variety of findings were made, but we achieved our goal of using the
snow to prepare a cross-country ski track in the early winter. This summer as well, a pile of snow
covered with sawdust is situated at the start of the Flüelatal valley in Davos. But how much of the
snow will last until the autumn? What conditions are required to preserve snow over the summer?
Above all, a suitable and sufficiently large storage site has to be found. Two materials were tested for
covering purposes; the trial revealed that one was clearly more suitable in the climatic conditions that
prevail in Davos. ross-country skiing has a long tradition in Davos. Every year, Cross-country World Cup
races are held at the Davos Nordic event on the tracks in the Flüelatal valley. Davos is Swiss Ski‘s
national elite training centre for cross-country skiing, so that we naturally make every effort to provide
ideal conditions for the athletes. The major advantage of snowfarming is that it enables us to offer a
training track on a specific date. Preserving snow over the summer can therefore serve as a good way
of guaranteeing snow at the start of the winter.

Snowfarming: Schnee über den Sommer konservieren – Wie sinnvoll ist das?
Im Sommer 2008 führte der Technische Dienst der Destination Davos Klosters zusammen mit dem
WSL-Institut für Schnee- und Lawinenforschung SLF, Davos einen Feldtest durch. Kann in Mitteleuropa
auch auf mittleren Höhenlagen Schnee übersommert werden? Die gemachten Erfahrungen waren
unterschiedlich, aber unser Ziel, mit dem Schnee im Frühwinter eine Loipe zu präparieren, konnte
erreicht werden. Auch in diesem Sommer liegt anfangs Flüelatal in Davos wieder ein mit Sägespänen
abgedeckter Schneehaufen. Wie viel bleibt davon im Herbst wohl übrig? Was braucht es um Schnee
über den Sommer zu konservieren? Es braucht vor allem eines und das ist ein geeigneter und genügend grosser Lagerplatz. Beim Deckmaterial wurden zwei verschiedene Materialien getestet und es
kristallisierte sich bei den in Davos herrschenden klimatischen Bedingungen ein klarer Testsieger
hervor. In Davos hat der Langlaufsport eine lange Tradition. Auf den Loipen im Flüelatal finden im
Rahmen von Davos Nordic jedes Jahr die Langlauf Weltcuprennen statt. Davos ist Nationales Leistungscenter Langlauf von Swiss Ski und dies bedeutet natürlich auch, dass wir viel unternehmen um den
Athleten optimale Trainingsbedingungen zu schaffen. Der grosse Vorteil des Snowfarmings besteht
darin, dass wir auf einen bestimmten Termin hin eine Trainingsloipe anbieten können. Der übersommerte Schnee kann also eine gute Möglichkeit für eine Schneegarantie zu Winterbeginn sein.
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Alpha-Beta model: Can we learn more from the statistical avalanche model with respect
to the dynamical behavior of avalanches
Peter Gauer1, Steinar Bakkehoi2, Karstein Lied2, Kalle Kronholm2
1
2

BFW/ Department of Natural Hazards and Alpine Timberline, Innsbruck, Austria
Norwegian Geotechnical Institute, Oslo, Norway

Hazard and risk assessment in avalanche prone areas involves the estimation of the runout and impact
pressures of potential avalanches. Methods for determination of the runout may be grouped into two
groups: 1) based on statistical methods such as the well known Alpha-Beta model or 2) based on
numerical avalanche models such as the PCM-model or Voellmy-Salm type models. More sophisticated
models are based similar rheological models. Dynamic modeling has the advantage that besides the
runout also information on velocity and impact pressure distributions along the avalanche track can be
obtained. However, the success of the dynamical models depends on the knowledge of suitable
rheological models and their parameters. The statistical Alpha-Beta model was developed at NGI and
relates the maximum runout distance solely to the topography. The runout distance equations are
found by regression analysis correlating the longest registered runout distance from several hundred
avalanche paths to a selection of topographic parameters. Similar regression analysis were also
performed for different regions around the world, e.g. U.S.A., Canada or Austria. We re-evaluate
avalanche data from Norway, Austria, and other parts of the world on which the Alpha-Beta model is
based with respect to dynamical measures. As all those avalanche data belong more or less to extreme
events (i.e. avalanches with return periods of the order of 100 years or more) the dynamical measures
can give hints for suitable rheological model for dynamical models suitable for extreme avalanche
events. At the same time, we look at expediency of commonly proposed model parameters. In
addition, we try to classify the measurements originating from full-scale test sites with respect to the
observed extreme avalanches.
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In-situ and photogrammetric measurements of avalanche crown transects
Edward Hamilton Bair1, Karl Birkeland2, Jeff Dozier1
1

2

Donald Bren School of Environmental Science and Management, University of California,
Santa Barbara CA, U.S.A.
U.S. Department of Agriculture Forest Service National Avalanche Center, Bozeman MT, U.S.A.

We present preliminary results on the geometry, frequency, and spatial distributions for crown line
transects of small to large avalanches. Previous research suggested that power laws in avalanche crown
depth distributions are caused by observers recording maximum depth. We therefore proposed
studying individual crown line transects to obtain information about the parent distributions from
which these maxima were recorded. We use in-situ and photogrammetric measurements to reconstruct
transects. The geometry shows that crown lines are thinnest at the flanks and thickest near the center.
This tapering effect has been observed in some research, but not in others. Tapering suggests that
fracture propagation is constrained by slab depth at the flanks. For each avalanche, there is some
minimum depth to the weak layer which is required for propagation. We propose that the fracture
finds it most energetically favorable to fracture in a slope perpendicular orientation at these locations,
forming the flanks. Frequency distributions do not follow power laws, as suggested by our previous
work. Instead, we find transects which fit normal distributions. Since most avalanche models treat slab
depth as a single parameter, we advocate use of a normal distribution instead. Variograms of the
crown transects reveal a similar spatial structure. The range of influence occurs at roughly half the
transect width. Recognizing that crown transects are not an ideal measure of avalanche volume, we
discuss implications for fracture propagation given this limitation. We conclude that the observed
transects are probably driven by underlying terrain, taking into account the smoothing effects of snow
on topography.
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Wireless sensors as a tool to explore avalanche internal dynamics: experiments
at the Weissfluhjoch snow chute
I. Vilajosana1,4, J. Llosa2, M. Schaefer3, E. Suriñach4, J. M. Marquès5, X. Vilajosana5
1
2

3
4

5

WorldSensing, Barcelona, Spain
Universitat Oberta de Catalunya IN3-Internet Interdisciplinary Institute, Castelldefels (Barcelona),
Spain
WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
Grup d’Allaus (RISKNAT), Dept. Geodinmica i Geofsica, Fac. de Geologia, Universitat de Barcelona,
Spain
Universitat Oberta de Catalunya, Estudis d’Informàtica, Multimèdia i Telecomunicacions, Barcelona,
Spain

Especially designed wireless accelerometers were used in a series of experiments at the snow chute
operated by the SLF at Weissfluhjoch (Switzerland) during two consecutive winters. The purpose of the
present study was evaluating the best design and the performance of these innovative instruments to
provide information on the internal dynamics of flowing snow. The wireless accelerometers were
placed in the starting zone prior to the experiments and traveled within the flow when the avalanche
was released. The characteristics of the sensors (size and density) allow the units to evolve like active
particle tracers. Acceleration readings obtained at 85 Hz for the different experiments where analyzed.
The analysis methods used include Empirical Mode Decomposition, Kalman Filtering techniques and
inertial navigation signal processing techniques. The developed methodologies were used to obtain
reliable speed and position measurements from the single 2D, 3D and 6D acceleration measurements.
The obtained results were compared to independent measurements of speed and position of the
sensors. The results show to be in agreement with that obtained from independent speed measurements from optical sensors and Video Images and open a new perspective for future avalanche
research. The extracted information could provide valuable data related to internal dynamics of the
avalanche. Small-scale chutes are the ideal scenario to test these new technologies and are essential to
develop and test new instrumentation to be deployed, in the future, in full-scale experiments. In
addition, the experiments performed show for the first time the potential of the wireless technologies
and wireless sensors to study snow avalanches. This study has been funded by MEC: DALMASA
(CGL2006-06596/BTE) project.
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Wet snow avalanche impact pressures
Betty Sovilla1, Martin Kern2, Mark Schaer1
1
2

WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
Austrian Institute for Avalanche and Torrent Research, Innsbruck, Austria

Impact pressures of slow, wet snow avalanches are characterized by a high mean value but also large
fluctuations, which can not be explained by conventional theories. In order to better understand this
behaviour, we study the impact pressure exerted by four slow, wet avalanches on six piezoelectric
load-cells installed on the pylon at the Vallée de la Sionne test site. Pressure measurements have been
taken at different heights above ground ranging from 0.5 to 5.5 m. We find that average pressure
linearly increases with the sensor immersion depth. Interestingly, all four avalanches exhibit similar
pressure for the same immersion depth and the pressure turned out to be only weekly dependent on
avalanche velocity. The pressure is much higher than expected from a hydrostatic force balance. We
also find that pressure fluctuation intensity, defined as the standard deviation over the mean pressure,
is always 10 to 20 % for all immersion depth and all measured avalanches. Thus all measurements
collapse onto a single time-pressure curve when scaled with the standard deviation. The correlation
between mean pressure and corresponding fluctuations indicates that the force exerted on an obstacle
is the direct result of chain structure or impact concentration which is formed and destroyed in the
avalanche due to jamming around the pylon. These processes have also been observed in slow drag
granular experiments. We further show that the pressure magnitude can be reproduced by a simple
failure model which describes the formation and rupture of these chains.
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Avalanche hazard investigations, zoning, and ordinances, Utah, Part 3
David A. Scroggin
Jack Johnson Company, Park City UT, U.S.A.
The ongoing saga of Avalanche Hazard Zoning and lack of enforceable Civil Ordinances continues in
Utah as this presentation will focus on a real Case Study of an Avalanche Deflection Mitigation project
designed to protect a proposed major residential subdivision on the slopes of North Ogden under Mt.
Ben Lomond, where recent large avalanches and debris flows have been observed into the proposed
development area. Methods for avalanche run out distance determination and deflection wall design
using conventional methods as well as AVAL 1D will be presented for a group critique. In this case,
Avalanche Deflection Structures are combined to work in conjunction with Debris Flow Drop Basins to
attempt to mitigate the dual hazards.
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Investigation on the effectiveness of the catch-fence “Snowcatcher” as avalanche
protection system
Lambert Rammer1, Gernot Stelzer2, Martin Kern1
1
2

Bundesforschungs- und Ausbildungszentrum für Wald, Naturgefahren und Landschaft, Austria
Trumer Schutzbauten GmbH, Austria

Up to now avalanche dams and walls are just known as catching structures in the track or in the
run-out zone. By the net system “Snowcatcher” a more flexible, cost-efficient, space-saving solution
has been developed. To investigate the effectiveness a research project has been started in 2008.
The “Snowcatcher” consists of the high-flexible Omega-Net, bearing ropes, steel structures and energy
dissipating devices. Omega-Net and energy dissipating devices are known by the use in rockfall
protection barriers. The foundation of the system is realized using mono bar anchors. To monitor
forces in the ropes and in the steel structure different force sensors are installed. The force data are
collected permanently. The test site is located in an avalanche track in the ski area of Lech, Austria.
It has been installed in the year of 2008. Because of releasing avalanches using explosives, it is possible
to scan the slope by means of a terrestrial laser scanner before and after an experiment. Furthermore
an avalanche radar is et up to monitor the avalanche velocity. In this paper the test site, the installed
system “Snowcatcher“ and the monitoring data results of the first winter 2008–2009, when eight
avalanche events of different size have been recorded, will be presented.
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PROTECT – A Swiss approach to the assessment of the effectiveness of mitigation measures
Stefan Margreth1, Hans Romang2
1
2

WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
MeteoSwiss, Zurich, Switzerland

The effectiveness of mitigation measures is crucial in determining whether a required level of safety
can be achieved. PROTECT describes a general procedure to assess the effectiveness of mitigation
measures and includes detailed instructions for avalanches, rockfalls, landslides, debris flows and
floods. The project was launched in 2006. The results have recently been published and will be broadly
evaluated via practical application in 2009. The first part of PROTECT was the definition of basic
principles necessary for consideration of mitigation measures related to hazard maps. These principles
make sure that a minimal level of quality, safety and sustainability is met and that mitigation measures
are tested not only with respect to regular design events but also to extreme events. Once the basic
standards are met, the effectiveness of the mitigation measures is analyzed in more detail. This
approach is subdivided into three main steps. In the first step it is investigated whether the effect of
the countermeasures may be relevant in any way to the hazard assessment or not. In the second step
the mitigation measures are assessed technically by a determination of their reliability. Reliability is
defined in terms of structural safety, serviceability and durability of the mitigation measures. The third
step involves the quantification of the effectiveness, taking the mitigation measures with respect to
their reliability into account. Finally, the adaptation of hazard zones can be elaborated based on this
information. We will show the application of PROTECT with the example of avalanches.
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Actions of snow avalanche on the snow shed
Ying Ma1, Emmanuel Thibert2, Pascal Perrotin1, Michel Mommessin1
1

2

Laboratoire Optimisation de la Conception et Ingénierie de l’Environnement (LOCIE), Université
de Savoie, France
Cemagref, Grenoble, France

The actions of snow avalanches on slightly inclined protection structures like snow sheds is a complex
dynamic phenomenon. The impact stresses (normal and tangential) evolve not only in time but also in
space. To better understand these actions so as to be able to design such structures, several studies
were conducted. We have realized experimental measurements on a full-scale avalanche test site at
Col du Lautaret (French Alps). A plate with force sensors instrumented was set up in an avalanche path.
At each artificial release of an avalanche, the impact stresses and their temporal variations were
measured. This real-scale approach is completed by a laboratory-scale experimental approach using
granular flows in an inclined channel where normal and tangential forces on a basal plate are
measured. The experimental results show that the impact effect is very important, particularly at the
location of the rupture of slope formed by the shed. However, the stresses decrease rapidly when
the distance to the rupture of slope increases. Finally, to assess the dynamic effect of the avalanche
loading on the structure, dynamic simulations with a simplified multi-fiber model have been
conducted. The results show that the dynamic effect is not negligible but is not critical for the
structure.
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Avalanche forecasting for road construction sites at 70 degrees north in Norway
Ole-André Helgaas
Norwegian Public Roads Administration, Tromsoe, Norway
In Northern Norway the alpine mountains combined with snowy winters leads to many avalanches on
the highway network every year. Approximately 550 avalanche paths are a serious threat to the traffic
on the public roads in this Northern Arctic region. A big program on building avalanche protections for
the roads is recently made by us in Norwegian Public Roads Administration (NPRA). Typically the
construction sites for these projects are situated in areas with high snow avalanche risk at wintertime.
The ideal timing for these construction works is to do most of it at summertime. But due to among
others the budget system, construction for several big road protection projects starts in autumn. As an
effort to reduce costs and the duration for the projects, we have been forced to do construction work
also in wintertime. The safety for the construction workers is therefore a main challenge. Due to this
focus on avalanche risk and safety levels, NPRA has developed guidelines for avalanche forecasting and
safety measures for three different avalanche road protection projects in the area near Tromsoe –
at 70 degrees north! This presentation will give a brief overview on the experiences we have on such
avalanche forecasting: (i) The cooperation between avalanche forecaster, builder and both the
construction contractor and the maintenance personnel is important. (ii) The experienced local snow
and avalanche observers have played important roles. (iii) Weather stations have delivered important
data and together with local weather forecasts the avalanche forecaster has made his forecast on the
daily avalanche risk level according to threshold values.
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Evolution of avalanche risk reduction on the Alaska Railroad
David Hamre
Alaska Railroad Corp., Anchorage, U.S.A.
In traversing through the Chugach Range of Alaska from Anchorage to the port towns of Whittier and
Seward, the Alaska Railroad passes through 19.76 km of avalanche runout zones in a 108 km length
of track. With steep mountains and annual snowfall amounts of 7 to 20 meters, a significant avalanche
hazard exists. From it’s inception in 1907 until 1985, the railroad operated with no formal avalanche
risk management. From 1985 until the current time, a formal program has been in place that has
reduced risk. A review of the evolution of current risk mitigation procedures and their benefit is
provided. The Avalanche Hazard Index (AHI) (Shaerer, 1989) is adapted and calculated for the Alaska
Railroad along with the effect the current program has on this index. Additional analysis is provided
which documents the residual risk levels to workers and trains working the line. Given low traffic
volumes and significant lengths of affected track, snowsheds and other structural controls are not
currently used. An analysis of the potential benefits from selective use of structural controls is provided
along with the resulting modification of the AHI. From this a cost/benefit curve is developed which
defines the cumulative cost of risk reduction efforts against the derived reduction in AHI levels. The
frequency of actual losses is compared and analyzed against the calculated values in order to ground
truth the computed analysis.
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Update hypothermia and medical on-site triage of avalanche victims
Bruno Durrer
Lauterbrunnen, Switzerland
New data on the pathophysiology and on the survival of avalanche victims as well as new diagnostic
and therapeutic measures have improved the on-site triage and -treatment of avalanche victims. Each
avalanche victim is a medical emergency. If there are no lethal injuries, the survival chances depend on
the existence of an airpocket and of the time of burial. Therefore rapid localisation and extrication has
priority. Get the emergency physician and/or paramedic to the scene immediately after position finding. The more persons buried, the more dogs and docs are needed. Look out for an air pocket. Avoid
destructing an existing air pocket during extrication! Avoid unnecessary movements of trunk and of
main joints (shoulder, hip and knee). If movements cannot be avoided, carry them out as slowly
and carefully as possible. Severe hypothermic victims without any signs of life have been resuscitated
successfully even after a few hours of cardiac arrest. Before establishing death in the field, the
mountain rescue doctors have always to exclude a severe hypothermia (apparent death) by using a
field thermometer and an electrocardiogram. An unnecessary attempt at resuscitation in bad weather
can put the rescue team at a needless risk. By using the triage algorithm proposed by the MedCom
CISA-ICAR these on-site risks may be minimized.
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Course curriculum for avalanche rescuers
Manuel Genswein
Genswein, Meilen, Switzerland
With the availability of different, complex but powerful search means, avalanche rescue has become
much more effective over the past 15 years. The growing list of search and rescue tools, their airborne
or terrestrial application, triage issues, site and risk management considerations as well as the various
search and rescue strategies have lead to a requirement for well structured course curriculums for
avalanche rescuers. Starting at the very bottom of avalanche rescue carried out by novice companion
rescuers, the level of experience of the different user groups includes an intermediate companion
rescue level for the average alpine club member and an advanced to expert companion rescue level
typically reached by recreational and commercial guides. User groups of organized rescue may include
specialized disciplines like airborne search or dog search. The proposed course curriculums include the
content of the different user groups and experience levels as well as the aspect of requirements for
teaching the different skills on different levels.
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Emergency Checklists for First Responders
Walter Wuertl
Training Manager, Austrian Alpine Club, Austria
The workshop opens with a general discussion and assessment of emergency checklists. Specifically,
which are the benefits and disadvantages of standard algorithms for “first responders” and “Ersthelfer”, which are distinct groupings in the German speaking area, with individual education and training.
Due to the specific traits of emergencies, 5 points are proposed that can be viewed as a general
recommendation for an (avalanche accident) Emergency Checklist . Depending on the educational
organization involved, up to now various kinds of checklists are proposed, containing at least 7 items.
Furthermore, a situation-oriented adaptation of checklists, using varying scenarios, will be illuminated.
The legal aspects, which both challenge and question a steady utilization (realization) of checklists
without exception, particularly by parties bearing liability such as mountain guides, ski teachers, and so
on, will be examined and reflected too.

Notfall Checklisten für Ersthelfer
Im Workshop wird zuerst der allgemeine Wert von Notfall-Checklisten diskutiert. Wo liegen die Vorund Nachteile von Standardalgorithmen für Ersthelfer und First Responders, die im deutschsprachigen
Raum aufgrund ihrer Ausbildung unterschieden werden. Aufgrund der Notfallcharakteristik werden
5 Punkte vorgeschlagen, die als allgemeine Empfehlung einer Notfallcheckliste (Lawinenunfall) angesehen werden können. Je nach ausbildender Organisation sind bislang Checklisten mit wenigstens
7 Punkten im Umlauf. Zudem wird eine situative Anpassung von Checklisten anhand unterschiedlicher
Szenarien beleuchtet, sowie die Betrachtung juristischer Aspekte, die eine konsequente Umsetzung
von Checklisten v.a. bei Garanten (Bergführer, Skilehrer, ...) in Frage stellen. Den Abschluss bildet eine
kurze Zusammenfassung.
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Avalanche accidents amongst ski patrollers: outlook and evolution
Jean-Louis Tuaillon
SAEM, France
In France, ski slope services and their patrollers/explosives experts are responsible for preventive
avalanche release operations in ski areas. Despite technical progress, the use of hand grenades is still
the most common method, even though this involves entering the avalanche starting zone. – Presentation of some generally used methods, such as “catex”, “gazex”, “avalauncher” and “Daisy Bell”. Since
1971, despite the systematic use of avalanche victim detectors, 33 fatal accidents have been recorded
amongst ski patrollers/explosives experts. (a) Analysis of individual accidents: Since 2003, there has
been a strong tendency towards the general use of airbag systems (ABS). The most recent on-the-job
fatal accidents amongst ski patrollers/explosives experts occurred in 2006. A court condemned a ski lift
company for “criminal negligence” for not having provided its personnel with this equipment
(accident that occurred in 2004). Since 2003, there have been 40 accounts of airbag deployment during
preventive avalanche release operations. (b) Analysis of selected accounts: What precautionary
measures should be taken when using this equipment? How many lives have thus been saved, and
what future can be expected for this equipment?

Accidents d’avalanches chez lez pisteurs secouristes: perspectives et évolutions
En France, ce sont les services des pistes avec les pisteurs-secouristes-artificiers qui ont la charge du
déclenchement préventif des avalanches sur les domaines skiables. Les techniques ont évolué, mais la
principale méthode reste le grenadage à la main qui nécessite d’aller dans la zone de départ de
l’avalanche. - Présentation de quelques méthodes.(catex, gazex, avalancheur, Daisy Bell). Depuis 1971,
on recense 33 accidents mortels d’avalanches, survenus chez les pisteurs-secouristes-artificiers malgré
l’utilisation systématique de DVA. (a) Analyse de certains accidents : Depuis 2003 il y a une forte tendance à la généralisation des sacs airbags. Les derniers accidents mortels du travail chez les pisteurs
secouristes ont eu lieu en 2006. Un tribunal a condamné une entreprise de remontées mécaniques pour
“faute inexcusable de l‘employeur“ pour ne pas avoir équipé son personnel de ce matériel (accident de
2004). Depuis 2003, il y a plus de 40 témoignages d‘utilisation des sacs airbags lors d‘opérations de
déclenchement préventif des avalanches. (b) Analyse de quelques témoignages : Quelles précautions
prendre avec ce matériel, stratégies d‘utilisation. Combien de vies ont elles été sauvées, et quel avenir
pour ce matériel.
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Probing strategies
Manuel Genswein
Genswein, Switzerland
Avalanche rescue transceivers have significantly raised the survival chances in companion rescue and
became the primary search device for fully buried subjects with no visible parts. However, organized
rescue still often has probe line and dog search as the only alternative to find the buried subjects.
Especially in close proximity of controlled ski areas, where the compliance of wearing a technically
detectable piece of equipment like an avalanche transceiver or a Recco reflector significantly decreases
compared to the backcountry, time consuming and human resource intensive probe line searches are
unfortunately still common. The later is even more true in areas where the users generally do not
assume that specialized equipment in required, like on groomed slopes in controlled ski areas, on open
roads and in residential areas. Based on the high percentage of probe line actions and their time
consuming and human resource intensive procedures, the currently applied systems and tactics of this
topic which might not have received the appropriate attention in recent years should get a comprehensive review from different aspects. The presented strategies will be focusing on core topics like
“alignment measures”, “optimization of area search speed vs. probability of detection” as well as
“tactical considerations and experiences”.

Sondierstrategien
Während Lawinenverschüttetensuchgeräte die Überlebenschancen durch Kameradenrettung stark
gesteigert haben und längst zu deren primären Suchmittel für Ganzverschüttete ohne sichtbare Teile
geworden sind, hat die organisierte Rettung weiterhin häufig auf die Lawinensonde und den Lawinenhund als einzig mögliches Auffindemittel zu setzen. Besonders im pistennahen Raum wo das zuverlässige Tragen von technisch detektierbaren Merkmalen wie Lawinenverschüttetensuchgeräte oder Recco
Reflektoren im Vergleich zum pistenfernen Bereich deutlich abnimmt, sind zeitraubende und personalintensive Sondieraktionen leider immer noch häufig. Letzteres trifft in Bereichen wo grundsätzlich
Seitens der Benützer keine entsprechende Zusatzausrüstung als erforderlich erachtet wird, wie auf
geöffneten Skipisten, Verkehrswegen oder in Siedlungen noch ausgeprägter zu. Aufgrund des hohen
Prozentsatzes an Sondiereinsätzen und des grossen erforderlichen Personal- und Zeiteinsatz sollen die
aktuell angewandten Systeme und Taktiken dieses vielleicht etwas ausser Acht geratenen Themengebiets aus verschiedenen Blickwinkeln umfassend beleuchtet werden. Die präsentierten Strategien werden im Gesichtspunkt der Kernbereiche «Massnahmen zur Verbesserung der Abdeckungssystematik»,
«Optimierung des Verhältnis Flächensuchgeschwindigkeit / Detektionswahrscheinlichkeit» und «Einsatztaktische Überlegungen / Erfahrungen» beleuchtet.
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Making hard decisions in avalanche rescue
Krister Kristensen
Norwegian Geotechnical Institute NGI, Oslo, Norway
Some of the hardest decisions have to be made when lives are at stake and when a rescue operation it
self is risky. The risk to rescue crews in avalanche terrain can be comparable to settings where danger
of explosions, structure collapses, hazardous materials, etc., is present. It is important to have a
decision process that is of a high quality, is transparent, and defendable in hindsight. Decision analysis
provides a tool kit for dealing with difficult decisions, for example the representation of uncertainties
through the use of probabilities. This can allow for risk/benefit assessments for rescue mission in which
the most likely outcomes of different options can be compared. Upper risk bounds for rescue crews,
stated by laws or otherwise, should be included in to the decision basis. In short, the object should be
to optimize the rescue effort without subjecting the rescuers to an unacceptable or unnecessary risk,
and to be able to explain and defend the decisions after the mission.
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Risk assessment for rescue missions
Andres Bardill
Alpine Rettung Schweiz, Schweiz
Rescue missions are very often undertaken in difficult weather conditions and accompanied by
elevated objective risks and enormous time pressure. What basis and which tools or aids are used for
decision-making purposes, concerning mission procedures and risk minimisation, by rescue leaders,
air rescue crew members and the leading group of a mission? The question of suitable procedures has
to be resolved at extremely short notice and, in many cases, according to an entirely different set
of criteria from those that are applied to assessing the acceptable residual risk for tourists. In collaboration with the WSL Institute for Snow and Avalanche Research SLF for winter missions, and other
partners for summer missions, Swiss Alpine Rescue has been developing tools in the form of two
checklists, envisaged as decision-making aids for rescuers, since 2007. These have been included in the
curriculum of regional training courses since last autumn. The two checklists, namely 3 x 3 winter
mission and 3 x 3 summer mission, are not intended as generally authoritative checklists containing
regulations for rescue teams, but as tools and decision-making aids serving risk assessment purposes.
The unified approach to the schematic and chronological decision-making process can further reduce
the likelihood of incorrect assessment and misperception when critical missions are being undertaken.
In addition, this decision-making aid simplifies training.

Risikobeurteilung im Rettungseinsatz
Rettungseinsätze werden sehr oft unter erschwerten Witterungsbedingungen und erhöhten objektiven Risiken sowie grossem Zeitdruck geleistet. Auf welcher Grundlage bzw. auf welchen Werkzeugen
oder Hilfsmitteln basieren die Entscheide von Rettungschefs, Crewmitgliedern in einem Flugrettungseinsatz oder der Spitzengruppe zu Einsatzverfahren und Massnahmen zur Risikominimierung? Diese
Frage müssen die Einsatzkräfte unter erhöhtem Zeitdruck und vielfach nicht deckungsgleich mit einer
«touristischen» Beurteilung und Einschätzung des tolerierbaren Restrisikos beantworten. In Zusammenarbeit mit dem Institut für Schnee- und Lawinenforschung SLF Davos für den Wintereinsatz und
anderen Partnern für den Sommereinsatz hat die Alpine Rettung Schweiz 2007–2009 Werkzeuge in
Form von zwei Checklisten als Entscheidungshilfen für Einsätze von Rettungskräften erarbeitet. Diese
werden seit letztem Herbst in den Regionalkursen in der Ausbildung eingesetzt. Das 3 x 3 Wintereinsatz und 3 x 3 Sommereinsatz sollen keine allgemein verbindlichen Checklisten mit Vorschriften für
Rettungsmannschaften sein, sondern Werkzeuge und Entscheidungshilfe in der Risikobeurteilung.
Durch das einheitliche Vorgehen beim schematischen und chronologischen Entscheidfindungsprozess
können Fehleinschätzungen oder Sinnestäuschungen im Ernsteinsatz weiter vermindert werden.
Zusätzlich dient diese Entscheidungshilfe der Vereinfachung der Ausbildung.
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Risk management in avalanche rescue
Reto Keller
WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
The risk of rescuers is of serious concern for the International Commission for Alpine Rescue (ICAR).
There are every year reports of rescuers injured or killed while on rescue mission. Most of the rescue
mission’s occur when the avalanche danger rating is 3 or higher and where conditions are deteriorating. Based on Krister Kristensen “Risk a Life to Save a Life?” (2007 Pontresina) this work outlines an
additional tool to effective mission analysis, risk and decision making processes/management on
avalanche rescue field site. The large number of input variables, their probability and the interaction
between the input variables lead to a level of complexity which is difficult to handle without a well
structured decision making tool. Using the existing tools for the initial “call out” and having new risk
management possibilities for “on site decision” is the goal of the “Rescue Compass Tool”. The “Rescue
Compass Tool” is a rule – based decision support tool. A simulation-optimization model allows for
assessing risk reduction.
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Avalanche modelling with RAMMS (Switzerland)
Marc Christen, Julia Kowalski, Perry Bartelt
WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
Numerical models have become an essential part of snow avalanche engineering. Recent advances in
understanding the rheology of flowing snow and the mechanics of entrainment and deposition have
made numerical models more reliable. Coupled with field observations and historical records, they are
especially helpful in understanding avalanche flow in complex terrain. However, the application of
numerical models poses several new challenges to avalanche engineers. A detailed understanding of
the avalanche phenomena is required to specify initial conditions (release zone dimensions and snow
cover entrainment rates) as well as the friction parameters, which are no longer based on empirical
back-calculations, rather terrain roughness, vegetation and snow properties. In this paper we discuss
these problems by presenting the computer model RAMMS which was specially designed by the SLF as
a practical tool for avalanche engineers. RAMMS solves the depth-averaged equations governing
avalanche flow with first and second-order numerical solution schemes. Simulations can be performed
with two models: the standard Voellmy model and a model that allows for frictional relaxation based
on granular fluctuations (fluidization). In this presentation we compare model results to measurements
captured from Vallée de la Sionne as well as discuss the influence of DTM and finite volume resolution
on simulation results. The positioning of release zones and the role of snow cover entrainment is
examined. Case studies demonstrate the advanced input/output features of the model including map
and photographic overlays. Simulation results are therefore clearly and easily visualized to simplify
their interpretation.
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Avalanche dynamics simulation with SAMOS-AT
Peter Sampl1, Matthias Granig2
1
2

AVL List GmbH, Austria
Snow and Avalanche Center (WLV), Schwaz, Austria

The simulation software SAMOS for dry snow avalanches, developed by AVL for the Austrian Service
for Torrent and Avalanche Control, was delivered in 1999. The software was based on a twodimensional, depth-averaged model with Coulombian and turbulent bottom friction for the dense
flow part and on a three-dimensional mixture-model for air and ice-particles that form the powder
snow part. The mixture model involved separate mass-balances for the air and ice-particles and
one single balance for the momentum of the mixture. The amount of powder snow generated from
the dense flowing snow was predicted assuming an analogy of momentum and mass transfer above
the dense-flow-surface. A triangular grid, moving with the flowing mass over the terrain surface, was
used for the numerical solution of the dense-flow equations, while a three-dimensional, non-moving
grid, adapted to the terrain surface, was employed to solve the equations for the air-and-ice mixture.
After some years of practical experience, an improved version, SamosAT, has been completed in 2008.
The dense flow friction model was changed so that the turbulent friction depends not only on velocity,
but also on the flow-depth. The mixture-model for the powder snow part was replaced by a full
two-phase-model for air and ice-particles, with separate mass and momentum balances for both
phases. The dense-flow-equations are now solved based on a particle-in-cell method. The mass and
momentum balances for the ice-particles are formulated and computed in a Lagrangean system.
The improved model is described in this paper together with selected validation results.
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A review of existing 2D-3D snow avalanche models at Cemagref, France
Mohamed Naaim
ETNA Research Unit, Cemagref, France
Three types of snow avalanches are usually considered. Flowing avalanches of have a high density and
a moderate flow depth and powder snow avalanches of low density and high depth. Evidence from
field observations confirm the existence of density stratified flows made of two or three layers called
mixed avalanches. In the presentation we will review three sets of governing equations used for
modelling snow avalanches. The depth averaged model for shallow flows is extrapolated to describe
dense flowing avalanches. In the presentation we will review the existing friction models and snow
entrainment, we will focus on the recent results obtained on chute experiments at Col du Lac Blanc,
France and will show how discrete numerical simulation allows interpreting the heterogeneity as a
consequence of the snow micro structure. The KSBA model allows a simple framework for studying the
dynamics of powder-snow avalanches. The dynamics is governed by the balance between the ambient
fluid entrainment from the top of the avalanche and the snow entrainment at its bottom. The new
relationship governing the ambient fluid entrainment based on the Richardson number will be
presented. The multi-layer model class considers the flow of an avalanche as a density stratified flow.
The flow consists of two (or three) layers. The formation of the powder part results from the erosion
by the air at the top of the moving dense part. In the presentation, we will rapidly review the main
features of these models. As conclusion, we will show that even if these models provide realistic
predictions of the flow features, several scientific bolts in the current avalanche-dynamics models
persist. Finally three different applications will be used to show the usefulness of these models in
operational applications related to avalanche zoning or protection.
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Identification of areas potentially affected by extreme snow avalanche combining expert
rules, flow-routing algorithms and statistical models
Matteo Pagliardi, Massimiliano Barbolini , Paolo Corradeghini, Francesco Ferro
FLOW-ING Engineering, Italy
In practical situations where a preliminary and swift mapping of large areas is needed sophisticated
calculation of the avalanches is not always convenient, especially where the avalanche’s history is
poorly known or even completely missing. An innovative methodology to perform cost-effective
avalanche hazard mapping that combines open source GIS tools, expert rules, computational routines,
and statistical analysis is herewith presented. The method provides a “semi-automatic” definition of
areas potentially affected by avalanche release, motion, and run-out and is based on a combination of
an ad-hoc developed “flow-routing algorithm” and a statistically-based estimation of the run-out
distance of avalanches. The flow-routing algorithm transfers the flow sequentially from release zones
to lower areas, while the statistically-based estimation of extreme run-out acts as a limiting factor for
the downstream flow of snow masses. Different types of flow-routing algorithms have been implemented and tested against known avalanche outlines, in order to obtain a reasonably good fit with
the avalanche behaviour in the track and runout zone. The statistical part of the procedure uses an
innovative approach to assess extreme avalanche runout: the extreme angle of reach alpha is estimated using characteristics of the release zone only. The proposed methodology does not intend to
contrast current mapping methods based on avalanche dynamic models. Conversely, it is complementary to them. It allows obtaining a preliminary assessment of the average avalanche behaviour under
extreme conditions. It requires as input parameters only a digital terrain model and an indication of
the areas covered by protective forest and. It also gives the possibility to explicitly include confidence
bonds in the analysis, providing different avalanches outline as a function of the safety requirements.
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Findings on the use of RAMMS for avalanche computing in connection with hazard mapping
in Chile
Lukas Stoffel
WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
RAMMS was used to draw an avalanche hazard map for the Codelco-Andina copper mine in Chile.
For the perimeter between 2700 and 5000 m a.s.l., events with a 100-year return period were to be
taken into account. 147 starting zones were identified on the basis of the slope inclination map,
physical inspection and photos. The area affected by an avalanche according to the RAMMS results
depends greatly on the release volume, the initial mass flow width and the friction parameters. The
snow depths in the release area d0 were selected in the range 1 m (50° terrain) to 2.1 m (28°) in view of
the occurrence of heavy snowfall. By reference to computations performed in Switzerland, only
sub-areas comprising 25-50 % of the total potential starting zone area were selected for computation
purposes, especially in the case of large starting zones. Given the different climatic conditions that
prevail in the Andes, the altitude gradation was modified and the friction parameters adjusted
accordingly. The calculations were based on a digital terrain model (DTM) with a resolution of 5 m and
a 10 m grid. Hazard (intensity) maps were produced showing zones with impact pressures greater
than and less than 30 kN/m2. The selected parameters were verified in 10 avalanche paths with major
known releases. All 147 avalanche paths were computed for the 2008 hazard map. For the opencast
mine at 3500 m a.s.l., the scenarios for 2015 and 2020 also had to be computed with an accordingly
modified DTM. For the same starting zones, the volumes used in the 2008 computations were adopted
without change. Individual computation results were verified with Aval-1d calculations (good concurrence). Around 50 avalanche paths were calculated for each of the 2015 and 2020 hazard maps.
One advantage of RAMMS lies in its efficient processing of a large area or several avalanche paths.
The use of RAMMS and GIS allowed the maximum velocities / flow depths to be mapped as well.

Erfahrungen mit RAMMS-Lawinenberechnungen für eine Gefahrenkarte in Chile
Für die Ausarbeitung einer Lawinengefahrenkarte für die Codelco-Andina Kupfermine in Chile wurde
RAMMS eingesetzt. Für den Perimeter zwischen 2700 und 5000 m waren 100-jährige Ereignisse zu
berücksichtigen. 147 Anrissgebiete wurden aufgrund der Hangneigungskarte und der Begehung
(respektive aufgrund von Fotos) ausgeschieden. Die in RAMMS-Resultaten von der Lawine bestrichene
Fläche hängt stark vom Anrissvolumen, der Breite der Anrissmasse und den Reibungsparametern ab.
Die Anrissmächtigkeiten d0 wurden aufgrund ergiebiger, aufgetretener Schneefälle zwischen 1 m
(Gelände 50°) und 2.1 m (28°) gewählt. Wie von Schweizer Berechnungsbeispielen bekannt, wurden
v.a. für grosse Anrissgebiete für die Berechnungen nur Teilflächen, 25–50 % der gesamten potenziellen
Anrissgebietsflächen, berücksichtigt. Aufgrund anderer klimatischer Bedingungen in den Anden wurde
die Höheneinteilung bei den Reibungswerten angepasst. Die Grundlage bildete ein DTM 5 m, gerechnet wurde mit einem 10 m Grid. Es wurden Gefahrenkarten (Intensitätskarten) mit Gebieten von mehr
resp. weniger als 30 kN/m2 erstellt. Die Parameterwahl wurde in 10 Lawinenzügen mit grossen bekannten Abgängen verifiziert. Für die Gefahrenkarte mit Stand 2008 wurden alle 147 Lawinenzüge gerechnet. Für die Tagbau-Mine auf 3500 m mussten auch die zukünftigen Szenarien 2015 und 2020 mit
einem entsprechend angepassten DTM berechnet werden. In unveränderten Anrissgebieten wurden
die gleichen Volumen wie für die Berechnungen 2008 berücksichtigt. Einzelne Berechnungsresultate
wurden mit Aval-1d Berechnungen verifiziert (gute Übereinstimmung). Für die Gefahrenkarten 2015
und 2020 wurden je rund 50 Lawinenzüge gerechnet. Ein Vorteil von RAMMS liegt in der effizienten
Bearbeitung eines grossen Gebietes, respektive vieler Lawinenzüge. Mit RAMMS und GIS war es
möglich, auch die maximalen Geschwindigkeiten und Fliesshöhen flächenhaft auf einer Karte darzustellen.
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Experiences in avalanche assessment with the powder snow avalanche model SamosAT
Matthias Granig1, Peter Sampl2, Christian Tollinger1, Philipp Jörg1
1
2

Wildbach und Lawinenverbauung (WLV), Austria
AVL List GmbH, Austria

In 2004 the Forest Technical Service for Avalanche and Torrent Control (WLV) Austria has initiated the
development of the new powder snow avalanche model SamosAT. The program SamosAT provides
simulation tools for dense and powder flow avalanches. The previous Samos simulation platform has
been redesigned in order to obtain improved simulation results, new calculation methods and
enhanced software handling. Major changes have been made in the dense flow friction model, in the
alteration of the simulation environment of the powder part with enhancements in the 3D suspension
mesh and finally in optimising the resuspension layer, which is responsible for the transition of the
dense snow into the powder layer. The calibration of the model was done with 22 well documented
reference avalanches. The model was released in the end of 2007 and officially implemented in the
daily work of avalanche danger assessment and hazard mapping. In the last years numerous
simulations have been done with the new model. This paper gives information about the experiences
with the avalanche model SamosAT. On the basis of several case studies the improvements as well as
the limits of the new program are explained.
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2D modeling of Icelandic snow avalanches for hazard zoning
Eirikur Gislason
Icelandic Meteorological Office, Iceland
The methodology for snow avalanche hazard zoning in Iceland is based on a statistical run-out analysis
of a data set of historical avalanches. The method makes use of the one-dimensional PCM snow
avalanche model to define a quantitative measure of run-out which is termed run-out index. The data
set has been revised and expanded to include recent events. The samosAT two-dimensional model
was used to simulate the avalanches in the data set. The run-out index concept has been expanded to
two dimensions and a new statistical run-out distribution was derived based on the two-dimensional
indices. Preliminary results indicate that the two-dimensional model is able to take into account
the effect of various geometrical features of avalanche paths that cannot be represented by onedimensional avalanche models. Thus, the effect of lateral geometry to form tongues of long run-out
below gullies in the mountainside is taken into account. The 2D model results show a distinct difference in relative run-out lengths compared with more conventional one-dimensional avalanche
modeling along longitudinal profiles. Geometrical features of the avalanche path can thus be used to
explain a part of the difference in return periods between paths. This leads to more consistent return
period estimates. The two-dimensional run-out index concept and the revised run-out distribution
have the potential to make the hazard zoning procedure more objective and provide quantitative
arguments for the shape of tongues in hazard zones. This reduces the reliance on subjective judgment
of the avalanche expert in the hazard zoning process compared to the previous methodology.
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Using AVAL-1D to simulate avalanches in eastern Pyrenees
Pere Oller1, Marc Janeras2, Hèctor de Buén2, Georgina Arnó2, Marc Christen3, Carles Garcia1, Pere
Martínez1
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Institut Geològic de Catalunya, Spain
Geocat Gestió de Projectes, Spain
WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland

The numerical avalanche dynamics program AVAL-1D, developed by the Swiss Federal Institute for
Snow and Avalanche Research was calibrated empirically with real avalanches in the Swiss Alps. For the
simulation of avalanches with this program, the SLF recommends the use of two friction parameters
obtained for this purpose. Applying these parameters to other regions with different characteristics
can lead to inaccuracies if a previous calibration is not performed, but often there is not enough data
to do a proper calibration when an avalanche is simulated in a specific avalanche path. For this reason,
an investigation to determine the specific parameters to be used in the Catalan Pyrenees was
performed. This study was based on back calculations of well documented events. Thirteen dense flow
or mixed avalanche events, from medium to large size, were selected from nearly 2500 avalanches
stored in the Avalanche Database of Catalonia (BDAC). The availability of morphometric and dynamics
data, necessary for this purpose, was the critical factor to reject several cases. The result of the study
reveals that there is a good fit between the registered avalanche events and the simulated one’s using
the SLF recommended parameters.
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Construction in permafrost: practical recommendations
Christian Bommer, Marcia Phillips
WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
The successful realization of a construction project in mountain permafrost is a technical and logistical
challenge for all parties involved. The site selection is of central importance for the construction of
sustainable infrastructure and must be based on a detailed preliminary study. This determines whether
the planned site is located in permafrost terrain and investigates the substrate characteristics. If the
site is located on ice-rich permafrost, a change of site or complete renouncement should be considered. Loading conditions taking into account possible changes to the permafrost substrate must be
considered for the structure design. The influences of climate change, construction activity and use of
the infrastructure can lead to permafrost degradation and have consequences such as differential
settlement and creep. The potential evolution of the permafrost during the service life of the structure
must be forecasted and the substrate characteristics defined accordingly. Infrastructure in exposed
locations can also be affected by natural hazards originating from permafrost areas. These must be
accounted for in the hazard analyses and the residual risk determined according to the serviceability of
the infrastructure. A robust, reliable bearing structure with an appropriate foundation or anchor
concept and redundancies is essential to avoid restrictions of use during the service life of the
infrastructure. In newly developed, practical guidelines, permafrost is defined and its characteristics
described. Practically applicable methods of permafrost detection are shown. A recommended project
planning workflow is proposed and the importance of carrying out a detailed preliminary study in
advance and of having an integral monitoring system is emphasized. In addition, a series of technical
solutions for the construction, maintenance and renovation of infrastructure in mountain permafrost
are described.

Bauen im Permafrost: ein praxisorientierter Leitfaden
Die erfolgreiche Realisation eines Bauprojekts im Hochgebirgspermafrost ist für alle Beteiligten eine
technische und logistische Herausforderung. Für die Erstellung von nachhaltigen Bauobjekten ist die
Standortwahl von zentraler Bedeutung und muss auf eine detaillierte Vorstudie abgestützt werden.
Diese klärt ab, ob der geplante Standort sich im Permafrost befindet, und untersucht die Baugrundbedingungen. Liegt der Standort im eishaltigen Permafrost, sollte eine Standortverschiebung oder ein
Bauverzicht in Erwägung gezogen werden.
Während der Projektierungsphase müssen in der Tragwerksanalyse zusätzliche Lastfälle berücksichtigt
werden, welche mögliche Veränderungen des Permafrost- Baugrunds einbeziehen. Die Einflüsse der
Klimaerwärmung, der Bauaktivität und der Nutzung können zur Permafrost-Degradation im Baugrund
beitragen und Auswirkungen wie z.B. differenzielle Setzungen und Kriechdeformationen auslösen. Die
Permafrostentwicklung während der geplanten Nutzungsdauer eines Bauwerks muss prognostiziert
und dementsprechend die langfristigen, charakteristischen Baugrundwerte gewählt werden. Infrastrukturen an exponierter Lage können zusätzlich durch Naturgefahren aus Permafrostgebieten
gefährdet werden. Dies ist in die Gefährdungsbilder einzubeziehen und das Restrisiko ist bezüglich der
Gebrauchstauglichkeit eines Bauwerks abzuschätzen. Ein robustes, verlässliches Tragwerk, mit einem
geeigneten Fundations- und Verankerungskonzept und eingeplanten Redundanzen ist deshalb entscheidend, um Nutzungseinschränkungen während der Lebensdauer eines Bauwerks zu vermeiden.
Im neu entwickelten, praxisorientierten Leitfaden wird das Phänomen Permafrost definiert, dessen
Eigenschaften beschrieben und in der Praxis anwendbare Permafrost-Erkundungsmethoden aufgelistet. Es wird ein empfohlener Projektablauf aufgezeigt, und die Wichtigkeit einer ausführlichen
Vorstudie mit entsprechender Vorlaufzeit sowie eines integrales Überwachungskonzepts wird betont.
Zudem werden technische Lösungen für die Ausführung und Sanierung von Bauten im Permafrost
aufgezeigt.
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Geotechnical characteristics of permafrost substrates
Lukas Arenson
BGC Engineering Inc., Canada
Detailed knowledge of the geotechnical characteristics of ice-bearing ground is essential for the design
of infrastructure in permafrost. The strength and deformation characteristics of ground ice
are dependent on ground temperature but also on the type of load. The bearing capacity and
deformation characteristics of foundations in permafrost can therefore change significantly with time.
The geotechnical properties of the ground must be investigated carefully prior to construction in order
to prevent structure failure due to changes in the building substrate. The influence of potential
changes – such as modifications of ground temperature or loading must be identified. In addition, it is
necessary to forecast the evolution of the permafrost and possible changes in active layer depth during
the service life of the infrastructure. As the geotechnical properties of permafrost substrates are mainly
controlled by the interactions of ice, solid material, water and air, their respective contents must be
known initially. Creep is for example only a problem if the ground is ice-rich, whereas long-term
changes in volume can occur with high air contents. It is also necessary to distinguish between ice-rich
soils and rock with ice-filled discontinuities. An overview of the geotechnical properties of frozen soils
and bedrock is presented, showing their most important characteristics. A good understanding of the
potential substrate characteristics is necessary for the successful planning of field and laboratory
analyses in order to allow the timely recognition and estimation of critical elements.

Geotechnische Eigenschaften von Permafrostböden
Gute Kenntnisse der geotechnischen Eigenschaften von eishaltigen Böden sind eine fundamentale
Bedingung für die Dimensionierung von Bauten in Permafrost. Das Festigkeitsverhalten und die
Deformationseigenschaften von Eis sind einerseits abhängig von der Baugrundtemperatur, aber auch
von der Belastungsart (Geschwindigkeit, Spannungen). Aus diesem Grund kann sich das Tragfähigkeitsund Deformationsverhalten einer Fundation im Permafrost im Laufe der Zeit stark verändern. Um
einem Tragwerksversagen durch solche Baugrundveränderungen vorzubeugen, müssen die geotechnischen Eigenschaften vor dem Bau genau abgeklärt werden. Der Einfluss der erwarteten Veränderungen, wie zum Beispiel Baugrundtemperatur oder –belastung, muss rechtzeitig erfasst werden. Zusätzlich sollten Prognosen über die Permafrostentwicklung und die möglichen Veränderungen der
Auftauschichtmächtigkeit während der Lebensdauer eines Bauwerkes erstellt werden.
Da die geotechnischen Eigenschaften eines Permafrostbodens grundsätzlich durch die Interaktionen
von Eis, Festsubstanz, Wasser und Luft kontrolliert werden, muss diese Verteilung in erster Instanz
bekannt sein. Kriechen ist zum Beispiel nur ein Problem, wenn der Boden eisreich ist, andererseits kann
es langfristig zu markanten Volumenveränderungen kommen sobald der Luftporenanteil im Baugrund
sehr gross ist. Im weiteren muss auch zwischen eisreichen Böden und Fels mit eisgefüllten Klüften
unterschieden werden.
Eine grobe Übersicht der geotechnischen Eigenschaften von gefrorenem Lockergestein und Fels wird
vorgestellt, welcher die wichtigsten Charakteristiken vermitteln soll. Ein gutes Verständnis der möglichen Baugrundeigenschaften ist auch für die Planung der Feld- und Laborversuche wichtig, so dass
kritische Elemente rechtzeitig erfasst und beurteilt werden können.
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Permafrost mapping and practical applications
Felix Keller
Academia Engiadina, Samedan, Switzerland
The timely detection of permafrost can be very important. For mountain infrastructure a change of site
may allow to avoid permafrost terrain or alternatively, adequate technical solutions can be designed.
This leads to a reduction of the costs of mountain construction sites which are in any case high.
Regarding natural hazards, it is generally admitted that an identified danger is only half as bad as an
unidentified one. At the beginning of the 1990s computer programs were developed which were able
to model permafrost distribution in combination with a digital elevation model within a geographic
information system (GIS). The first programs mainly used the rules of thumb for permafrost distribution established by W. Haeberli. Factors such as potential direct radiation, surface characteristics and
vegetation were included later. Newer models calculate a permafrost index using a synthesis of various
time-tested models. These predict the probability of permafrost occurrence with a higher reliability
than a simple yes/no information. Permafrost distribution maps such as the one developed after the
extremely hot summer 2003 are an ideal tool for the first steps of analysis in application-oriented
questions. They can for example be used to roughly determine permafrost distribution with respect to
transport lines and related infrastructure such as water pipes. Permafrost can thus be detected long
before practical problems arise. The advantage of index-based maps is also that the index can be used
for related analyses such as the identification of critical substrates, the effects of climate change or
potential debris flow activity.

Permafrostkartierung und praktische Anwendung
Die Früherkennung von Permafrost hat oft zentrale Bedeutung. Bei Gebirgsbauten kann z.B. durch
eine Standortänderung dem Permafrost ausgewichen werden oder frühzeitig adäquate Massnahmen
rechtzeitig geplant werden. Damit können die ohnehin hohen Kosten von Gebirgsbaustellen massiv
reduzieren werden. Im Zusammenhang mit Naturgefahren gilt, dass eine erkannte Gefahr in der Regel
meistens nur noch halb so gross ist. Anfangs der 90er Jahre entstanden die ersten Computerprogramme, welche mit Hilfe eines digitalen Höhenmodelles innerhalb eines geographischen Informationssystems (GIS) die Permafrostverbreitung abschätzen konnten. Die ersten Programme benutzten hierzu
praktisch ausschliesslich Teile der von W. Haeberli publizierten Faustregeln. Später wurden auch die
potentielle Direktstrahlung, Oberflächenbeschaffenheit sowie die Vegetation mit-berücksichtigt.
Neuere Ansätze berechnen aus der Synthese von verschiedenen bewährten Modellansätzen einen
Permafrost Index, welcher quasi als Wahrscheinlichkeitsmass das Auftreten von Permafrost aussagekräftiger als mit einer Ja/Nein Information charakterisiert. Als ersten Schritt für die flächendeckende
Bearbeitung von anwendungsorientierten Fragen, eignen sich sogenannte Permafrosthinweiskarten,
wie sie nach dem Hitzesommer 2003 für den ganzen Schweizer Alpenraum erstellt wurden. Damit
können beispielsweise verschiedene Transportanlagen sowie die dazugehörende Infrastruktur wie z.B.
Wasserleitungen bezüglich Permafrost grob beurteilt werden. Permafrost kann somit lange bevor
praktische Probleme auftreten erkannt werden. Der Vorteil von Index basierten Karten besteht aber
auch darin, dass dieser Index für weiterführende Analysen wie z.B. Identifikation von kritischem
Baugrund, Einflüsse von Klimaveränderungen, Beurteilung von Murgangdispositionen weiter verwendet werden kann und damit eine vernetzte Betrachtungsweise unterstützt wird.
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Permafrost prospection measurement methods
Bernhard Krummenacher
GEOTEST AG, Switzerland
As permafrost is generally invisible at the ground surface, methods must be found to allow the
determination of the vertical and lateral distribution of a permafrost body. The size of the site and its
accessibility with vehicles determine the range of the methods which can be applied. Detailed
planning of permafrost prospection is based on permafrost distribution maps. Geomorphology gives
important evidence concerning the presence of permafrost in the ground. Direct investigation with
boreholes or trenches is only economical in easily accessible terrain. Geophysical measurements are
used as a primary method of permafrost detection. The cheapest methods include the measurement of
solar radiation, ground surface temperature and the temperature of the base of the snow cover in
winter over at least two years. Systematic investigations follow, using seismics, geoelectrical or radar
measurements. Using these, the vertical and lateral distribution of the permafrost body can be
determined. These methods are shown using practical examples.

Permafrosterkundung Messmethoden
Da Permafrost in den meisten Fällen an der Erdooberfläche nicht sichbar ist, müssen Methoden gefunden werden, die es ermöglichen, die vertikale und laterale Ausbreitung eines Permafrostkörpers zu
erkunden. Die Grösse des Untersuchungsgebiets einerseits und die Zugänglichkeit des Gebietes mit
Fahrzeugen andererseits geben den Rahmen der einzusetzenden Methoden. Als Basis für die detailierte Planung der Permafrosterkundung dient die Permafrostkartierung. Die Geomorphologie gibt
wichtige Hinweise auf das Vorkommen von Permafrost im Untergrund. Die direkte Erkundung mit
Bohrungen oder Baggerschlitzen ist nur in gut zugänglichen Gebieten wirtschaftlich. Als erste Erkundungsmethoden werden dabei zerstörungsfrei geophysikalische Messungen eingesetzt. Die Methoden
der Strahlungsmessung, der BOT- und BTS-Erfassung über längere Zeitperioden mindestens 2 Jahre
sind die kostengünstigsten Erkundungen. Gezielte Untersuchungen erfolgen mit Hilfe der Seismik,
Geoelektrik oder Radar Messungen. Dabei kann die vertikale und laterale Verbreitung des Permafrostkörpers lokal erkundet werden. Die Methoden werden anhand von praktischen Beispielen erläutert.
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Laboratory analyses of permafrost soils
Sarah Springman
Institute for Geotechnical Engineering IGT, ETH Zurich, Switzerland
In order to determine the geotechnical characteristics of ice-bearing soils, analyses can either be
carried out in-situ (i.e. in the field) or in the laboratory. As the mechanical behaviour of frozen ground
depends on thermal, hydraulic and mechanical (THM) influences, various laboratory analyses are
presented here, which can be used to determine the THM parameters of frozen granular soils and
bedrock. These parameters can then for example be used for numerical modelling purposes. The
general description of permafrost soils is discussed in relation to their ice, solid, water and air contents.
In addition, methods of preparing artificial samples and of extracting undisturbed ones in order to
determine their geotechnical characteristics are presented. Methods used to determine the thermal
characteristics (thermal conductivity, specific- and volumetric heat capacity) are shown. The Soil
Freezing Characteristic Curve and the ensuing results are presented and important hydraulic parameters are empirically derived. The influences of ground temperature and loading (in particular rate
and stresses) on the shear strength and creep-induced rigidity are important for the evaluation of
fracture behaviour and deformation characteristics. Various tests are explained, with a special emphasis
on Constant Rate of Strain (CRS) and Constant Stress Creep (CSC) triaxial tests as well as direct or
simple shear tests on frozen ground and fractured bedrock for the determination of their geotechnical
characteristics.

Laboruntersuchungen von Permafrostböden
Um die geotechnischen Eigenschaften von eishaltigen Böden zu bestimmen, gibt es die Möglichkeit
Versuche in situ, d.h. im Feld, oder im Labor durchzuführen. Das Verhalten von gefrorenen Böden ist
an thermische, hydraulische und mechanische (THM) Einflüsse gekoppelt. In diesem Beitrag werden die
verschiedenen Laboruntersuchungen vorgestellt um die entsprechenden THM Parameter von gefrorenem Lockergestein und Fels zu bestimmen. Diese Parameter können dann zum Beispiel für eine numerische Modellierung verwendet werden. Die allgemeine Beschreibung von Permafrostböden wird in
Bezug auf deren Zusammensetzung von Eis, Festsubstanz, Wasser und Luft diskutiert. Weiter werden
die Möglichkeiten künstliche Proben vorzubereiten sowie ungestörte Proben zu entnehmen vorgestellt. Die Methoden zur Bestimmung der thermischen Eigenschaften (Wärmeleitfähigkeit, spezifische
und volumetrische Wärmekapazität) werden vorgestellt, die charakteristische Kurve eines gefrierenden
Bodens (Soil Freezing Characteristic Curve) wird diskutiert, die resultierenden Ergebnisse daraus werden präsentiert sowie wichtige hydraulische Parameter empirisch hergeleitet. Wichtig für die
Beurteilung des Bruchverhaltens und der Deformationseigenschaften von Permafrostböden sind die
Einflüsse der Baugrundtemperatur und Belastungsart (Geschwindigkeit und Auflastgrösse) zu bestimmen. Dies kann mit Triaxial-, Direkt- und Einfachscherversuche erfolgen. Scherfestigkeitstests wie
“Constant Rate of Strain“ (CRS) und Kriechtests wie “Constant Stress Creep“ (CSC) werden erklärt.
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Permafrost in steep rock walls
Jeannette Nötzli, Andreas Hasler, Stephan Gruber
Physical Geography Division, University of Zurich, Switzerland
Mountains such as the Alps largely consist of steep rock walls, which have been increasingly focussed
upon in recent years. On the one hand, both scientific and public interest in the interactions between
permafrost degradation and rock wall stability has increased recently, as a result of numerous rockfall
events observed in permafrost areas. On the other, measurement methods and models which actually
allow detailed investigation of permafrost in these inaccessible regions have been developed in the
last years. Systematic measurements of rock wall temperatures were started in 2000/2001 and are
today a standard element of the Swiss permafrost monitoring network PERMOS. Surface temperatures
in steep rock walls mainly reflect the influence of the topography and measurements in flatter terrain
additionally show the influence of the snow cover on the thermal conditions in the rock. Rock wall
temperatures are also useful for the development and validation of models. These can be used to
simulate permafrost conditions at sites and times for which no measurements are available. Spatial
permafrost distribution and future scenarios can thus be calculated. Results show a strongly threedimensional distribution pattern of temperature and permafrost in steep mountains and a much more
rapid reaction of ground temperatures to changes at the ground surface than in flat areas. In the
context of the new PermaSense project (NCCR-MICS) a wireless sensor network has been installed at
Jungfraujoch and on the Matterhorn Hörnli ridge to investigate permafrost degradation processes.
Using new technologies and extensive measurements of a multitude of parameters, new findings on
the interactions between permafrost and rock wall stability are expected, as well as the improvement
of measurement and modelling techniques.

Permafrost im steilen Fels
Hochgebirgsregionen wie die Alpen bestehen zu einem erheblichen Teil aus steilem Fels, die damit
einen beträchtlichen Anteil des Permafrosts enthalten. Diese standen in den letzten Jahren zunehmend im Fokus der Gebirgspermafrostforschung. Einerseits hat das wissenschaftliche und öffentliche
Interesse an Zusammenhängen von Permafrostdegradation und Felsstabilität als Folge vieler beobachteter Felsstürze aus Permafrostgebieten zugenommen. Andererseits wurden in den vergangenen
Jahren Messmethoden und Modelle entwickelt, die umfangreiche Untersuchungen von Permafrost in
diesen unzugänglichen Regionen überhaupt ermöglichen. Systematische Messungen von Felstemperaturen im Permafrost wurden im Jahr 2000/2001 begonnnen und sind heute bereits elementarer
Bestandteil des Permafrost Beobachtungsnetzes der Schweiz (PERMOS). Oberflächentemperaturen im
steilen Fels widerspiegeln in erster Linie den Einfluss der Topographie, Messungen an flachen Stellen
zeigen zusätzlich den Einfluss der Schneedecke auf die thermischen Verhältnisse vom Fels. Felstemperaturdaten sind aber auch wertvoll für die Entwicklung und Validation von Modellen. Mit deren
Hilfe lassen sich Permafrostverhältnisse an Stellen und zu Zeitpunkten simulieren, für die keine
Messungen vorhanden sind, und damit räumliche Verbreitungsmuster und Entwicklungsszenarien
berechnen. Resultate zeigen ein stark dreidimensionales Verbreitungsmuster von Temperaturen und
Permafrost im steilen Hochgebirge und eine deutliche schnellere Reaktion der Untergrundtemperaturen auf Veränderungen an der Oberfläche als in flachen Gebieten. Im Rahmen des neuen Projekts
PermaSense (NCCR-MICS) wurden am Jungfraujoch und dem Hörnligrat ein Wireless Sensor Network
zur Untersuchung von Permafrosttauprozessen installiert. Vom Einsatz neuer Technologie und den
umfangreichen Messungen verschiedenster Parameter werden neue Erkenntnisse über den Zusammenhang von Permafrostdegradation und Felsstabilität erwartet, sowie eine Verbesserung von Messmethoden und Modellen.
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Anchoring methods in mountain permafrost
Hanspeter Bonetti
Gasser Felstechnik, Switzerland
Very special construction techniques must be provided for when infrastructure is built, renovated or
adapted to new codes of calculation in permafrost areas. Good collaboration between the constructors, planners, specialists, contractors and suppliers is necessary in order for all relevant factors to
be accounted for in advance and to allow a maximum possible service life and cost effectiveness of
the infrastructure in question. An anticipatory communication concerning the technical requirements
to the individual sectors of the parties involved is essential for this. Optimal construction measures can
only be attained in this manner, ensuring a long service life for the infrastructure. The periodic testing,
monitoring and maintenance of such structures are also of great importance. Based on practical
examples, Hanspeter Bonetti describes the anchoring methods used by Gasser Felstechnik in mountain
permafrost.

Verankerungsmethoden im Gebirgspermafrost
In Gebieten, wo Bauwerke im Permafrost erstellt, saniert oder den neuen Berechnungsgrundlagen
angepasst werden, sind ganz spezielle Baumassnahmen vorzusehen. Ein gut funktionierendes Zusammenspiel zwischen Bauherr, Planer, Spezialisten, Unternehmer sowie Materiallieferanten bilden die
Voraussetzung, dass alle relevanten Faktoren zum Voraus berücksichtig werden können, um eine
möglichst lange Lebensdauer der zu erstellenden bzw. zu sanierenden Bauwerke zu ermöglichen,
welche auch die Wirtschaftlichkeit berücksichtigen. Dabei ist eine vorausschauende Kommunikation
bezüglich technischen Anforderungen in den einzelnen Bereichen der involvierten Stellen von höchster
Wichtigkeit. Nur so können optimale bauliche Massnahmen getroffen werden, die eine lange Lebensdauer der zu erstellenden Bauwerke gewähren. Eine wichtige Rolle spielt auch die periodische Überprüfung bzw. Überwachung sowie der Unterhalt solcher Bauwerke. Anhand von praktischen Arbeiten
geht Hanspeter Bonetti auf die Verankerungsmethoden der Firma Gasser Felstechnik AG im Gebirgspermafrost ein.
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Modelling heat fluxes between structures and permafrost soils
Lukas Arenson
BGC Engineering Inc., Canada
Computer programs which can model heat fluxes in the ground have recently become increasingly
efficient and should now be a standard tool for the design of permafrost infrastructure. The
interactions between the substrate and the surroundings can be simulated and quantified using
numerical models. Insulation systems can be optimized and long-term temperature evolution analysed.
Computer models are particularly useful to investigate long-term developments induced for example
by climate change. Ground temperatures can be determined in advance and the resulting changes in
strength and deformation can thus be estimated. It is however important to note that the quality of
the model results is dependent on the information available regarding material properties, ground
temperatures and meteorological data. The more measurement data available, the better the model
can be calibrated and future trends estimated. Good model calibration and exact trend forecasts
reduce model inaccuracy and result in more economic solutions for the planned infrastructure. Illustrative examples are used to show how numerical modelling can efficiently be used for the design of
infrastructure in permafrost.

Modellieren von Wärmeflüssen zwischen Bauten und Permafrostböden
Computerprogramme, welche Wärmeflüsse im Boden modellieren können, sind in den letzten Jahren
immer leistungsfähiger geworden und sollten in der Zwischenzeit zu einem Standardelement in der
Bemessung von Bauten im Permafrost gehören. Numerische Modellrechnungen erlauben es die Wechselwirkung zwischen dem Baugrund und der Umgebung zu simulieren und zu quantifizieren. Isolationen können optimiert werden oder aber auch langfristige Temperaturentwicklungen analysiert
werden. Insbesondere für das Studium langfristiger Entwicklungen, zum Beispiel infolge der Klimaerwärmung, sind Computermodellierungen von grösstem Nutzen, da so die zu erwarteten Baugrundtemperaturen ermittelt, und die entsprechenden Veränderungen im Festigkeits- und Deformationsverhalten abgeschätzt werden können. Es muss aber auch beachtet werden, dass die Qualität der
numerischen Modellierung von den zur Verfügung stehenden Materialkenngrössen, den gemessenen
Bodentemperaturen, sowie den erhältlichen Klimadaten abhängig ist. Je mehr Messdaten vorhanden
sind, hinsichtlich zeitlicher und räumlicher Auflösung, umso besser kann das numerische Modell kalibriert und die zu erwartenden Klimatrends abgeschätzt werden. Eine gute Modellkalibrierung, sowie
eine genaue Trendprognose reduzieren die Modellungenauigkeiten und führen zu einer wirtschaftlicheren Lösung für das zu erstellende Bauwerk. Anhand von illustrativen Beispielen wird aufgezeigt,
wie numerische Modellierungen bei der Dimensionierung von Bauten in Permafrost effektiv eingesetzt
werden können.
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Swiss Alpine Club huts and hiking trails in permafrost
Reto Jenatsch
Schweizer Alpen-Club SAC, Berne, Switzerland
The evolution of glaciers in the Alps can in many cases be traced through the location of Swiss Alpine
Club huts. An example is the first SAC hut which was built in 1863, the founding year of the Swiss
Alpine Club. The hut was built on the edge of the Bifertengletscher but is far above the glacier today.
Further climate induced phenomena are becoming increasingly visible in many huts, on hut trails and
on mountain peaks. Due to the increasing hazard potential for both huts and mountaineers, the SAC
carried out a study in 2006, with the aim of identifying necessary measures of protection and of
developing a possible safety concept. All hut wardens were asked to fill in a questionnaire on the
effects of natural hazards which have occurred or are expected to occur. In addition, the huts and trails
located in permafrost terrain were mapped in collaboration with the Federal Office for the Environment FOEN. The survey registered 3300 hazard events in the course of the last 10 to 15 years. 11 % of
these were considered to be a result of permafrost thaw. However, a comparison of the hazard zones
with the FOEN permafrost distribution map showed that permafrost thaw could only play a role in
about 30 % of these cases. The risk of being influenced by natural hazards on a hut trail was shown to
be very small. There is therefore no need for action on the part of the SAC. Safety measures were
analysed at well known hazard sites and carried out wherever necessary. Structural measures are being
taken wherever SAC huts are being renovated or newly built in permafrost areas. These were developed in collaboration with the WSL Institute for Snow and Avalanche Research SLF in the case of the
new Monte Rosa hut. The result is a structure which does not transfer heat from the building into the
underlying ground.

SAC Hütten und Wege im Permafrost
Die Entwicklung der Vergletscherung der Alpen lässt sich an vielen Standorten von SAC-Hütten verfolgen. Ein Beispiel dafür ist die erste SAC-Hütte, die 1863, im Gründungsjahr des SAC, am Rande des
Bifertengletschers erstellt wurde, heute aber hoch über dem Gletscher liegt. Weitere Phänomene,
ausgelöst durch die Klimaerwärmung, lassen sich zunehmend bei vielen Hütten und auch bei Hüttenwegen und Gipfelzugängen feststellen. Das dadurch erhöhte Gefahrenpotenzial für die Bauten des
SAC und die Besucher des alpinen Raums haben den SAC im Jahre 2006 veranlasst, eine Studie durchzuführen. Das Ziel war, eventuell notwendige Massnahmen aufzudecken und ein allfälliges Sicherheitskonzept vorzuschlagen. Mittels eines Fragebogens wurden bei sämtlichen Hüttenverantwortlichen die
Auswirkungen von eingetretenen oder zu erwartenden Naturereignissen eingeholt. Mit Unterstützung
des BAFU wurden zudem die in Permafrostgebieten liegenden Hütten und Hüttenwege kartographisch
erfasst. Aufgrund der Umfrage wurden in den letzten 10 bis 15 Jahren 3’300 Ereignisse registriert.
Davon wurden von den Hüttenverantwortlichen lediglich 11 % der Auswirkung des Permfrostrückgangs zugeordnet. Ein Vergleich sämtlicher Gefahrenstellen mit der Hinweiskarte des BAFU ergab
allerdings in etwa 30 % der Fälle einen denkbaren Zusammenhang mit auftauendem Permafrost. Das
Risiko, auf einem Hüttenweg in Folge von Naturgefahren zu Schaden zu kommen, erweist sich aber als
sehr gering. Es besteht somit für den SAC kein allgemeiner Handlungsbedarf. Bei den bekannten
Gefahrenstellen wurden allerdings Massnahmen geprüft und so weit notwendig realisiert. Bei Um- und
Neubauten von SAC-Hütten in Permafrostgebieten werden bauliche Vorkehrungen getroffen. Für die
neue Monte Rosa-Hütte wurden sie in Zusammenarbeit mit dem SLF erarbeitet. Das Resultat ist eine
Konstruktion, welche die Abwärme des Gebäudes nicht auf den Baugrund überträgt.
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A flexible restaurant in mountain permafrost terrain
Markus Walser
Silvrettaseilbahn AG, Ischgl, Austria
In the middle of the mountains at an altitude of 2620 m a.s.l., there is a building that not only has to
defy the climate, but also the mountain itself. The substrate of the Pardatschgrat consists of a 60 m
thick plate of Silvretta crystalline rock, which was subject to strong tectonic shearing and fracturing
during the formation of the Alps. Field observations and long-term measurements confirm that this
bedrock and parts of the surrounding geological unit (the Unterengadiner window) are subject to
constant gravitational movement. The Pardatschgrat consists of several rock units separated by faults
and cracks in which freeze-thaw processes occur, leading to heave and subsidence at the ground
surface, which can attain around 4cm per year. Substantial damage due to cracking occurs as a consequence, eventually making the restaurant building unusable – as was the case for the previously built
structures in 1972 and 1985. The restaurant building, which was used until 2004, had been increasingly
damaged by subsidence and displacement since the end of the 1980s. Boreholes with inclinometer
measurements, geophysical refraction seismical measurements and underpinning with GEWI-micropiles
did nothing to improve the situation and slow the movements. The building was kept operational with
internal reinforcements in the basement and with supports. The two components of the new building,
which was erected in 2004, are the solution to these geological problems, as they are both built on
three single foundations. The structures can be lifted with hydraulic presses and thus brought to the
required level. The main advantage of the static concept of a three-point foundation is the possibility
of carrying out a stress-free change of position. In order to ensure the adjustment of the structure it
was necessary to design easily accessible basements which are not heated and are directly linked to the
external air.

Ein bewegliches Bergrestaurant im Permafrost
Inmitten einer Gebirgslandschaft auf 2620 Meter Seehöhe liegt ein Gebäude, das nicht nur dem Klima
trotzen soll, sondern auch dem Berg. Eine geologische Besonderheit erfordert ein ganz besonderes
Gebäude. Der Untergrund des Pardatschgrates wird von einer bis zu 60 m mächtigen Platte des Silvrettakristallins aufgebaut, die im Zuge der Alpenentstehung stark tektonisch zerschert und zerbrochen
wurde. Geländebeobachtungen und die langjährigen Messpunktganglinien belegen, dass sowohl der
Fensterinhalt als auch Teile des kristallinen Fensterrahmens (Unterengadiner Fenster) in anhaltender
gravitativer Bewegung sind. Der Pardatschgrat wird durch mehrere Bergblöcke gebildet, zwischen
welchen es in so genannten Kluftgassen zu Frost-Tauwechsel kommt und damit zu Hebungen bzw.
Senkungen der Bergoberfläche, die bis zu vier Zentimeter pro Jahr betragen können. Macht das
Gebäude diese Bergbewegungen nicht mit, so sind extreme Rissschäden die Folge und das Gebäude
wird früher oder später unbrauchbar, wie die 1972 und 1985 errichteten Vorgängerbauten. Das bis
zum Frühjahr 2004 bestandene Restaurantgebäude wurde durch Untergrundsetzungen und Untergrundverschiebungen seit Ende der 1980-iger Jahre zunehmend beschädigt. Untersuchungsbohrungen
mit Inklinometerinstallationen, Unterfangungen mit GEWI-Pfählen sowie refraktionsseismische Untersuchungen brachten keine Verbesserung der Situation und keine Verlangsamung der Bewegungen.
Das Restaurantgebäude selbst wurde durch Innenaussteifungen im Kellergeschoss sowie durch Unterstellungen betriebsfähig gehalten. Die beiden Bauteile des 2004 errichteten Neubaus lösen diese
geologischen Randbedingungen, indem sie jeweils auf drei Einzelfundamenten gelagert sind, deren
aufgesetzten Tragwerke mit hydraulischen Schwerlastpressen angehoben und in die gewünschte
Niveaulage gebracht werden können. Der Hauptvorteil des statischen Konzeptes einer 3-PunktLagerung ist die Möglichkeit der spannungsfreien Lageänderung. Als Voraussetzung für die erforderliche Nachstellbarkeit wurden gut zugängliche Untergeschosse angeordnet, die zur Verminderung
des Wärmeeintrags in den Untergrund nicht beheizbar sind und direkte Verbindung zur Aussenluft
erhielten.
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Mountain cableways in permafrost
Urs Dietrich
Bundesamt für Verkehr BAV, Switzerland
Several incidents and the influences of the very hot summer 2003 induced the Swiss Federal Office of
Transport (FOT) and armasuisse Real Estate to initiate and fund the compilation of guidelines for
infrastructure in mountain permafrost. The focus is particularly on the collection and analysis of
experiences with various bearing structure designs under given geological conditions. The findings are
used to obtain information for the construction of new structures and to determine hazards and risks
which must be taken into account by monitoring concepts for existing structures.
My presentation will show some examples of bearing structure designs that are used for mountain
cableways in permafrost. Various construction methods have been applied, based on the specific
requirements on the different structures. Some have proved to be successful, others less so. The high
safety requirements for mountain cableways also call for efficient monitoring systems, which should
allow the timely recognition of possible changes in the substrate as a consequence of permafrost
degradation. Further practical examples show possible remedial measures for existing structures,
provoked by the degradation of the substrate. The guidelines presented here show the relation
between the structures and their function as well as the substrate and the modifications it can be
subject to. A short overview shows the role of the FOT as the inspecting authority for mountain
cableways.

Bergbahnen im Permafrost
Einige Vorkommnisse und die Auswirkungen des sehr heissen Sommers 2003 haben das Bundesamt für
Verkehr (BAV) bewogen zusammen mit der armasuisse Immobilien die Erstellung eines Leitfadens für
Bauten im Permafrost anzuregen und mit zu finanzieren. Insbesondere geht es darum, die gemachten
Erfahrungen mit unterschiedlichen Tragwerkskonzepten unter den gegebenen geologischen Verhältnisse zu sammeln und auszuwerten und daraus Erkenntnisse für neu zu erstellende Anlagen zu gewinnen oder Gefahren und Risiken zu ermitteln, die in Überwachungskonzepten bestehender Anlagen zu
berücksichtigen sind.
In meinem Vortrag werden einige Beispiele von möglichen Tragwerkskonzepten vorgestellt, die bei
Bergbahnen im Permafrost angewendet werden. Ausgehend von den spezifischen Anforderungen an
die verschiedenen Bauwerke wurden diverse Baumethoden angewendet, davon haben sich einige
bewährt, andere weniger. Die hohen Ansprüche an die Sicherheit von Bergbahnen verlangen ebenso
wirkungsvolle Überwachungsmethoden, die frühzeitig das Erkennen allfälliger Veränderungen im
Baugrund infolge des auftauenden Permafrosts ermöglichen sollten. An weiteren Beispielen aus der
Praxis werden auch Sanierungsmöglichkeiten für bestehende Anlagen aufgezeigt, die aufgrund der
Degradation des Baugrundes notwendig wurden. Der vorliegende Leitfaden zeigt auch in diesem
Sinne die Zusammenhänge zwischen den Bauwerken und ihrer Funktion sowie dem Baugrund und
seinen Veränderungsprozessen auf. In einem kleinen Überblick wird dargestellt, wie das BAV seine
Rolle als Aufsichtsbehörde in diesem Bereich wahr nimmt.
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Restoration of the ice pavilion Schluefweg, Kloten
Peter Sturzenegger
Isler Architekten AG, Switzerland
The cold slab of the ice pavilion Schluefweg in Kloten was built in the 1950s. Ice was produced for 3 to
4 months a year on the open ice rink in the forest. As the cooling period was relatively short, the
ground could thaw in summer and therefore permafrost and its consequences were not a problem.
The success of the ‘Kloten Flyers’ ice-hockey team led to the need for more training time. In the
mid-1990s the open tribunes and the existing rink were included in a stadium, which allowed periods
of operation of up to 9 months a year. There was no ground heating under the old cold slab and
ground water started to freeze under the stadium. Ice-lenses developed under the building, which led
to heave of the cold slab and to the development of cracks in it. Restoration work therefore became
unavoidable. After removal of the cold slab it became evident that the ground was frozen to a depth
of 7.5m. After 14,000 m3 of material had been removed, it was not possible to excavate further due to
construction deadlines. A stabilizing layer of lean concrete and rubble was used to ensure that future
ground settlement will not affect the new cold slab. The new construction with gravel, permafrost
heating, insulation and cold slab was then carried out using the newest technical expertise. The permafrost heating ensures that the ground will no longer be able to freeze, even with longer periods of
operation. The waste heat from the cooling system is used for the permafrost heating system and for
the warming of service water.

Sanierung Eissporthalle Schluefweg, Kloten
Die Kälteplatte der Eishalle Schluefweg in Kloten stammte aus den 50-er Jahren. Es handelte sich
damals um ein offenes Eisfeld im Wald, wo während 3 bis 4 Monaten pro Jahr Eis vorhanden war.
Durch die relativ kurze Periode der Kühlung konnte der Untergrund im Sommerhalbjahr jeweils
auftauen, und Permafrost resp. die Auswirkungen davon waren kein Thema. Mit dem Erfolg der
Eishockey-Mannschaft der Kloten Flyers kam der Anspruch auf mehr Trainingszeit. Mitte der 90er Jahre
wurden die offenen Tribünen um das bestehende Eisfeld zu einer Halle erweitert, was längere
Betriebszeiten ermöglichte. Während 9 Monaten pro Jahr wurde der Betrieb aufrecht erhalten. Die
alte Kälteplatte hatte keine Permafrostheizung als unterste Konstruktionsschicht, was dazu führte,
dass der unter dem Stadion verlaufende Grundwasserstrom nach und nach gefror. Es bildete sich eine
Eislinse unter dem Gebäude, was Hebungen der Kälteplatte und Risse derselben mit sich brachte. Eine
Sanierung wurde unumgänglich. Nach dem Abbruch der alten Kälteplatte kam der Kieskoffer zum
Vorschein, welcher bis auf eine Tiefe von 7.5 m vereist war. Nach der Abfuhr von ca. 14 000 m3 Aushubmaterial konnte aufgrund der knappen Bautermine nicht mehr weiter nach unten gegraben werden.
Mittels einer Stabilisationsschicht aus Magerbeton und Geröll wurde sichergestellt, dass auch bei
späteren Senkungen des Untergrundes die neue Kälteplatte nicht beeinträchtigt würde. Dann erfolgte
der neue Aufbau mit Kieskoffer, Permafrostheizung, Isolation und Kälteplatte nach den neusten
technischen Erkenntnissen. Die Permafrostheizung stellt sicher, dass der Untergrund auch bei längeren
Betriebszeiten nicht mehr gefrieren kann. Die Abwärme der Kälteanlage wird ausser für die Permafostheizung auch für die Brauchwassererwärmung verwendet.
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Adolescents’ perceptions of snow avalanches
Armin Rempfler
University of Education of Central Switzerland Lucerne, Switzerland
The most important factor influencing the way in which we learn are the facts already known to us.
When confronted with new learning content, we can only grasp knowledge that our imagination
allows us to understand. Learning is therefore a process during which mostly ‘naïve’ starting concepts,
which are also called subjective theories (or preconceptions), are revised, reorganised and adjusted to
scientific concepts. The diagnosis of such subjective theories is an important basis for initiating the
process of a targeted modification of preconceptions. From the perspective of system theory, snow
avalanches which in snow sports claim lives every year are located at the interface of the systems of
nature and society. This specific function as well as the high geospatial relevance of snow avalanches
make them a particularly interesting topic for research in the area of geographical system competence.
In this respect, the following questions are crucial: How do experts deal with complex dynamic
systems? To what extent do inexperienced adolescents have the ability for cross-linked or rather
‘systems thinking’? How can systems thinking be taught and fostered efficiently? The present study is
to be considered as a first step towards answering these questions. It has analysed fundamental
concepts of adolescent neophytes about snow avalanches by questioning 178 eighth grade (14-year
old) students at various Swiss schools. Therefore, we assessed their ‘mental models’ as well as their
specific knowledge and their system competence (by means of drawings and descriptions, multiple
choice questions, image analyses, concept maps). This contribution not only presents the methods and
results of our study but also addresses questions regarding the relevance of such approaches in
avalanche awareness training.
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The Nivocheck
Werner Munter
Vernamiège, Switzerland
The Nivocheck is a new tool that enables experienced practitioners independently to assess the local
danger level without any IT or other external aids. It comprises a list of 30 questions. The answers,
determined by applying the fuzzy logic principle (good, average, poor, very poor), are marked with a
cross. The result (average derived from the answered questions) is a danger level corresponding to the
five-level EURO scale. Intermediate levels (between two levels on the conventional danger scale) are
also provided. This tool is an ideal complement for the professional reduction method (PRM): the
danger in the region is assessed with the Nivocheck, and the danger on the slope is evaluated by
applying PRM. Experienced users need around 15 to 20 minutes to complete the form on location.
A weatherproof version of the form is already in use. The method has formed part of the Swiss
mountain guide training curriculum since 2004.

Der Nivocheck
Der Nivocheck ist ein neues Werkzeug für den erfahrenen Praktiker zum selbständigen und eigenverantwortlichen Einschätzen der lokalen Gefahrenstufe ohne informationstechnische Hilfsmittel, avec les
moyens de bord. Es ist ein Fragenkatalog mit 30 Fragen. Die Antworten erfolgen nach dem fuzzy
logic-Prinzip (gut-mittel-schlecht-sehr schlecht) mittels ankreuzen. Das Resultat (Durchschnitt der
beantworteten Fragen) ist eine Gefahrenstufe gemäss der fünfstufigen EURO-Skala. Zwischenstufen
(halbe Stufen) sind möglich. Es ist die ideale Ergänzung zur professionellen Reduktionsmethode PRM:
mit dem Nivocheck (=Gefahrencheck) die Gefahr in der Region und mit der PRM das Risiko im Hang
einschätzen. Erfahrene Anwender brauchen rund 15–20 Minuten zum Ausfüllen des Formulars im
Gelände. Ein wetterfestes Formular ist bereits im operationellen Einsatz. Die Methode wird an der
Schweizer Bergführerausbildung seit 2004 mit Erfolg praktiziert.
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On probabilities of avalanches triggered by alpine skiers. An empirically driven decision
strategy for backcountry skiers based on these probabilities
Christian Pfeifer
Universität Innsbruck, Austria
Most fatal avalanche accidents in the Alps are caused by skiers and snow-boarders. It has been one aim
from the beginning to give guidelines for backcountry skiers in order to avoid avalanche accidents.
About 10 years ago, the mountain guide Werner Munter developed a strategy for backcountry skiers
whether to go or not to go on a skiing tour. However, his decision strategy has a lack of empirical
evidence because he does not take into account incidents without avalanche accidents. This presentation proposes an empirically driven decision strategy for backcountry skiers based on probabilities of a
logistic regression model. We used the variables danger level, incline of the slope and aspect of the
slope, which turned out to be the most important ones. Additional information on frequencies of
skiers on slopes under specific conditions is included in the model. Accident data and avalanche forecasts in Tyrol reported by the Tyrolean avalanche information service within three seasons (1999–2002,
497 days of observations) are used for model building. The probabilities of the model provide
quantities, which can be seen as remaining or residual risks (see Munter). Our proposal shows more or
less strong correlation with Munter’s method. However, the aspect of the slope seems to have not
that effect that is widely believed.
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Will a guest ever be able to save your live?
Manuel Genswein
Genswein, Switzerland
The efficiency of companion rescue with minimal training has been proven in real accidents as well
as in large scale field tests where participants with almost no prior rescue experience have been
trained in three standardized training modules of 45 min. Below the segment of companion rescue by
professionals or recreational users who venture on their own into the backcountry, there is the large
group of clients of commercial guiding, off-piste and helicopter skiing organizations. Concerning the
level of training, available training times, mental and physical preparedness as well as average age, this
group is very different from non-commercially guided back county users. The likelihood for the first
person entering the slope to trigger an avalanche is proven to be considerably greater than for the rest
of the group. Despite of this, there is only little effort in training guests in rescue and confidence that
they will ever be able to save a guides life. In a field test including 200 guests of commercial ski- and
mountain-guides the potential level of efficiency was determined during three days in a standardized
rescue scenarios. The guests were trained in one 15min practical workshop. Then, guests were
separated from their guides with the task to search and excavate as a group effort two buried subjects
in a 50 by 80 m field. Based on the outcome of the rescue scenario, the content of the 15 min training
session has been optimized in order to achieve the greatest possible rescue efficiency. Data collected in
the field included times for coordination, times for each individual phase of the search process as well
as the different stages of excavation, plus photos and video documentation. Results show rescue by
commercial guests is efficient and residual survival chances are surprisingly high even in a scenario with
two buried subjects.
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Avalanche survival strategies for different parts of a flowing avalanche: Practical
experience from a guide’s perspective
Theo Meiners1, Karl W. Birkeland2, Perry Bartelt3
1
2
3

Alaska Rendezvous Heli-ski Guides, U.S.A.
USDA Forest Service National Avalanche Center, Bozeman MT, U.S.A.
WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland

Avalanche dynamics research typically utilizes experiments and sophisticated instrumentation.
A companion presentation will present avalanche dynamics research from that scientific perspective,
focusing on the different parts of flowing avalanches as well as the forces involved in avalanches.
This presentation explains avalanche dynamics from the perspective of a guide who has both been
captured in avalanches, and has observed others being captured in avalanches. Observations during
these experiences are consistent with avalanche dynamics theory, and have led to the following
survival strategies for avalanche victims: 1) Once an avalanche is released, every effort must be made to
get off the moving slab, 2) After being caught, the victim must do everything possible to try to get
toward the back, or tail, of the avalanche since this is where avalanches run out of mass and where a
victim is more likely to be left behind by the slide, 3) Experience shows that in some avalanches a
backstroking and log rolling motion may help the victim stay near the surface and move toward the
flanks of the avalanche, and 4) If at all possible, the head of the avalanche should be avoided since the
turbulent flow and large forces in this area increase the odds of injury and deep burial. Utilizing these
strategies can improve the odds of survival for people captured in avalanches. This practically oriented
presentation draws heavily on the experiences of Alaskan helicopter-ski guides, and will present
several case studies.
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Assessing the impact of climate change on snow avalanche activity in France over the last
60 winters using change point models
Nicolas Eckert1, Eric Parent2, Mohamed Naaim1
1
2

Cemagref, Grenoble, France
AgroParisTech, France

This study focuses on avalanche occurrences and runout altitudes in France over the last 61 winters.
For both variables, the interannual fluctuations possibly resulting from climate change are quantified
using a hierarchical nonlinear analysis of variance. Bayesian inference is performed using Markov
Chain Monte Carlo simulations. No systematic modifications in occurrence regime could be found over
the last 60 years in the northern French Alps. This suggests that climate change has recently had little
impact on the avalanching rhythm in France. Significant temporal patterns have though occurred. They
consist in complex combination of abrupt changes and pseudo-periodic cycles of approximately 15
years. On the contrary, a change in runout altitude regime has occurred in France around 1976.
Between 1946 and 1976, a decrease of 55 m has affected the mean runout altitude, but the probability
of a high magnitude event has remained constant. After the change point, the mean runout altitude
has regained its initial state, whereas the probability of a high magnitude avalanche has been divided
by two. A retreat of avalanche is therefore engaged in France since nearly 30 years. This especially
concerns high magnitude events, since the return period associated with an avalanche reaching its
minimal altitude on a mean path has increased from 20 to 40 years over the last 30 years. Avalanche
occurrences and runout altitudes are therefore differently influenced by changes in constraining
climatic factors. One possible explanation is that dry snow avalanches are progressively replaced by wet
snow avalanches because of climate worming, thus keeping constant the number of events, but
reducing their magnitude by modifying snow rheology. To confirm this statement, further research is in
progress to compare and explicitly correlate the obtained annual effects with climatic data.
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Could retrieval of snow layer formation by optical satellite remote sensing help avalanche
forecasting? Presentation of first results
Rune Solberg1, Regula Frauenfelder2,3, Hans Koren1 , Kalle Kronholm2
1
2
3

Norwegian Computing Centre, Oslo, Norway
International Centre for Geohazards, c/o Norwegian Geotechnical Institute, Oslo, Norway
Norwegian Geotechnical Institute, Oslo, Norway

Of special interest within the field of avalanche research and avalanche warning are properties related
to snow grain type and snow grain size at the surface. In continental and inter-mountain avalanche
climates weak layers or interfaces are the main cause of avalanches. Knowledge about such weak
layers helps to increase the precision of avalanche forecasting. Some of these potential weak layers
form on the snow surface and are preserved until burial. Optical satellite sensors measure reflected
sunlight at different wavelengths. The near-infrared region is sensitive to the optical grain size of the
snow. Due to the distinct size and shape characteristics of potential weak layers such as, for example,
surface hoar, their reflectance is quite different from new snow in general. If the weather permits
optical observations it should, therefore, be possible to detect the formation of such layers by remote
sensing. We present the results of a pilot study where in situ measured surface snow grain characteristics are compared to snow grain characteristics as derived from multispectral data from the MODIS
satellite sensor. The pilot study showed that parallel in situ snow measurements and snow analyses
exploiting data from MODIS are possible for the selected test sites in Norway. The study also started
the work of establishing a relationship between the satellite-observed snow grain size index (SGS)
variable and the snow grain size and shape as measured in the field. Based on satellite and in situ data
measured over several years, we intend to establish a snow grain evolution model. The model will be
used as input to the avalanche forecasting model.
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Mobile information systems for avalanche topics
Christoph Suter, Stephan Harvey
WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland
Modern mobile phones with integrated GPS and internet access offer the possibility of exchanging
data at any time and everywhere. So called Location Based services (LBS) can also be used in the range
of avalanche prevention and information. In the context of the project mAvalanche we examined the
possible benefits of LBS. (1) Information exchange unidirectional: Owing to access to current data
information about avalanche condition can be communicated to the user in the field. On the website
http://wap.slf.ch a danger map dimensioned particularly for small screens can be accessed. Also by
MMS the current bulletin inclusive the danger map can be downloaded. (2) Information exchange
bi-directional: For the production of the avalanche report observations directly from the field are very
important. With mAvalanche users can enter their observations directly in the mobile phone and map
avalanches on maps. Parameters like current height, exposition and current location are automatically
calculated through GPS. During the winter 2008–2009 the system were tested successfully with ten
mountain guides. First results will be presented. (3) Avalanche education: Playful exercises offer the
opportunity of bridging the gap between theory and practice though the delivery of learning material
to a user who is in a realistic learning environment. One exercise of so-called “mobile learning”
(mLearning) is realised for slope inclination. Learner’s estimations can be compared with retrieved
values from GPS-position and digital terrain model.
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Risk communication and political decision making – Management of natural hazards in the
Canton of Grisons
Christian Wilhelm
Amt für Wald Graubünden, Chur, Switzerland
In 2004, a strategy has been formulated on how to provide „security in view of natural hazards“ for all
of Switzerland. Where do we stand in Grisons concerning this vision? What are current and future
challenges? ,Risk’ is a term, which shapes the public discussion on natural hazards. The vision
formulated should foster a risk-based thinking and help to implement the concept of risk in practical
applications. Since the term risk is not used in a well-defined way by different groups, it is necessary to
understand the risk concepts of experts and laypersons. It is also necessary to understand the factors
which influence the perception of risks. Finally the implementation of the political decision making is
crucial for the success of risk management. In a first part of the presentation we critically analyze risk
concepts of experts. We focus on the gathering, modelling and presentation of risk information based
on a 3 x 3 matrix. We illustrate the resulting nine risk types for avalanches, floods, rockfall and slope
instabilities. This protection application shows the status and remaining challenges of practical risk
management in Grisons. The second part of the presentation focuses on political decision making in
the context of pro-tection from natural hazards. The practice in Grisons is illustrated using the
application of risk information for landscape management on the basis of hazard zoning. A case study
shows the chances and risks of accessing hazardous areas as well as costs and benefits associated with
hazard zoning. This appears important for current management of natural hazards as well as potential
future landscape development.

Risikoinformation und politische Entscheidung – Das Naturgefahrenmanagement im Kanton
Graubünden
Zum Thema ‘Sicherheit vor Naturgefahren’ wurde in der Schweiz im Jahr 2004 eine Vision und Strategie erarbeitet. Wo steht das Naturgefahrenmanagement im Kanton Graubünden heute bezüglich
dieser Vision? Was sind die aktuellen und zukünftigen Herausforderungen? ‘Risiko’ ist ein Begriff, der
die öffentliche Diskussion beim Schutz vor Naturgefahren prägt. Die erwähnte Vision und Strategie
will die risikobasierte Denkweise fördern und dem Risikokonzept zur Anwendung verhelfen. Da der
Begriff Risiko aber nicht einheitlich verwendet wird, ist es notwendig, die Risikokonzepte von Experten
und Laien zu verstehen und die Faktoren zu kennen, welche die Wahrnehmung von Risiken beeinflussen. Letztlich ist auch die Ausgestaltung vom politischen Entscheidungsprozess wesentlich für den
Erfolg eines Naturgefahrenmanagements.Im ersten Teil des Vortrags werden die Risikokonzepte von
Experten kritisch hinterfragt. Im Zentrum steht die Erfassung, Modellierung und Darstellung von
Risikoinformation, die mit einer 3 x 3 Matrix gezeigt wird. Die entstehenden neun Risikotypen jeweils
für Lawinen, Hochwasser, Steinschlag und Rutschung werden visualisiert. Die konkrete Anwendung der
Schutzziele zeigt schliesslich den Stand und die aktuellen Herausforderungen des praktischen Risikomanagements im Kanton Graubünden auf. Im zweiten Teil des Vortrags steht die politische Entscheidung beim Schutz vor Naturgefahren im Zentrum. Anhand der Umsetzung von Risikoinformation in
die Raumplanung mittels Gefahrenzonen wird das Vorgehen im Kanton Graubünden erläutert. Ein
Fallbeispiel zeigt die Chancen und Risiken der Raumnutzung gefährdeter Gebiete als auch die Kosten
und Nutzen der Gefahrenzonierung. Dies ist bedeutend für den heutigen Umgang mit Naturgefahren
und für die mögliche Raunutzung in der Zukunft.
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Forecasting Challenges in Utah, U.S.A.
Bruce Tremper
Utah Avalanche Center, Salt Lake City UT, U.S.A.
We have several challenges, which are likely similar to other regions throughout the world, so an open
discussion of them would help us all. 1) Most of our avalanche fatalities and close calls occur when
we have a deep slab instability – when avalanches are difficult to trigger but they will be very large
and dangerous. These conditions do not fit into the current definitions of danger ratings and they
are difficult to communicate to the public. 2) The current definitions of danger ratings do not work
well. A committee from the U.S. and Canada have been working for a couple years to first develop a
conceptual model of what we are forecasting, the inputs and relationships of the inputs. Second,
we have been developing new language to describe it. 3) Two thirds of the people killed in avalanches
in the U.S. were not wearing a beacon when they were killed, nor do they have much avalanche
education and the problem is increasing. Reaching this group has been difficult, but we are trying
many new, innovative ways based on modern marketing strategies for people with various levels of
avalanche awareness. 4) Although danger ratings work well for lower-level groups, they do not
provide much useful information for higher-level groups. In avalanche bulletins, we describe exactly
what kind of avalanche hazard someone is likely to encounter and describe how to recognize it, where
they will find it and how to mitigate the hazard. Often there are several different kinds of hazards in
the same area.
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Social Events
Ice Breaker
Sunday, 27 September 2009, 18:00–19:30
After having registered for the conference on Sunday evening you are warmly invited to an aperitif
and mingle with the other conference participants.
Avalanche Divas Night
Monday, 28 September 2009, 19:00
All female ISSW participants are invited to spend an evening together to recognize and support the
women in our field and encourage mentorship and support among female professionals. The event
will include a dinner. Further information will be published later.
BBQ
Tuesday, 29 September 2009, 19:30
After all the excitement and activities, there is only one way to unwind and relax: Come and join us
for a BBQ Social at the Ischalp (1931 m a.s.l.). The modest price of CHF 45.00 includes an aperitif, a BBQ
Buffet and a dessert!
Sign up for this event directly at our Registration Desk on Sunday and Monday morning (Monday noon
is the sign-up deadline!).
Public panel discussion: “Avalanche Winter 1999 – What is the value of safety?”
Wednesday, 30 September 2009, 20:00
You are warmly invited to participate in the panel discussion open for the public on Wednesday
evening. The theme is ‘Avalanche Winter 1999 – What is the value of our safety?’ After a few short
film sequences from the disastrous avalanche winter 1999 and statements by the panel members,
they will discuss the subject on the podium. Panel members include Franz Steinegger (former member
of the national assembly, former leader of the crisis commission of the Canton Uri), Charly Wuilloud
(Responsible for natural hazards mitigation in the Canton Valais), Siegfried Sauermoser (Head, Torrent
and Avalanche Control, Section Tyrol, Innsbruck), Hans Peter Michel (Mayor of Davos) and Stefan
Engler (Member of the government of the Canton Grisons). The event will be moderated by the wellknown news speaker from Davos, Urs Gredig. Participation is free of charge.
Conference Banquet
Thursday 1 October 2009, 19:00
The conference banquet will take place in the Congress Centre and is included in the registration fee.
The exquisite meal will be accompanied by the ‘Stelser Buaba’, playing Swiss folk music.
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ISSW Field trips
Date

Trip Destination

Contents

Tuesday 29.9.2009

1

Unterschnitt

– Risk management in alpine villages
(avalanches and debris flows)

Tuesday 29.9.2009

2

Silberberg mine,
Monstein

– Manual extraction of zinc and lead in a
historical mountain mine
– Mining hazards

Wednesday 30.9.2009

3

Weissfluhjoch Höhenweg - Davos

–
–
–
–

Wednesday 30.9.2009

4

Flüela Pass

– Rapidly degrading permafrost
– Avalanche risk management along mountain
roads

Thursday 1.10.2009

5

Stillberg Protection
forests

– Avalanche defence
– Large-scale forestation experiment

Thursday 1.10.2009

6

Weissfluhjoch Höhenweg

–
–
–
–

Snow research
Long-term measurements
Avalanche protection
Avalanche dynamics

Snow research
Long-term measurements
Avalanche safety in a skiing area
Artificial avalanche release

Costs
The field trips are free of charge. Participation is at your own risk.
Equipment
Hiking shoes, warm clothes, Davos Inclusive Card
Approx. time of return: 17:30
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Field trip leaders

Transport

Time / Meeting point

Michael Bründl

Bike or public transport (bus)

14:00 Congress Centre

Walter Good

Minibus, access to mine on foot

14:00 Congress Centre

Charles Fierz, Stefan Margreth

Parsenn cable car, descent to
Höhenweg and Davos on foot

14:00 at the base of the
Parsenn cable car
(Davos Dorf)

Marcia Phillips, Lukas Stoffel

Minibus, descent on foot

14:00 Congress Centre

Peter Bebi, Veronika Stöckli

Jakobshorn gondola,
descent on foot

13:45 at the base of the Jakobshorn gondola (Davos Platz)

Charles Fierz, Romano Pajarola

Parsennbahn, descent to
Höhenweg on foot

14:00 at the base of the
Parsenn cable car (Davos Dorf)
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General information
Weather
The weather in Davos (1560 m a.s.l.) in late September can be variable. Whereas the air temperatures
can be pleasant during the day (+12 °C), the nights can be rather cool (0 °C).
Language
Davos is located in the German-speaking part of Switzerland. As it is a tourist town, most people speak
or understand a foreign language.
Currency
Local currency: Swiss Francs /CHF 1.– = 100 cents
Payment with credit cards, cash in Swiss Francs or Euros
Exchange of money
Exchange rate CHF 1.– = EUR 0.65; EUR 1.– = CHF 1.53 (as of 15 August 2009)
Banks: Mon–Fri 08:30/09:00–12:00 and 14:00–16:30/17:30
Train station Davos Dorf: Mon–Sun 07:40–11:40 and 13:50–18:10
Train station Davos Platz: Mon–Sun 04:45–22:00
Tipping
Tipping is not normally necessary. However, if you have been very happy with a meal or service you can
round up the bill.
Power
Switzerland is on 220 V. Plug adaptors can be purchased in Davos.
Internet
Through our sponsor Swisscom (Switzerland’s leading telecoms provider), all participants will have free
access to the internet. Details on how to connect to the so-called Hotspots (public wireless LAN) will be
provided on registration.
Business hours (shops)
08:00–12:00; 14:00–18:30 (Monday–Friday)
08:00–16:00 (Saturday)
On Sunday most shops are closed, but some small supermarkets open daily from 6.00–23.00.
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Davos Inclusive Card
All hotel guests are entitled to the Davos Inclusive Card for the duration of their stay in Davos. The
card entitles guests to:
– Free travel on Davos Klosters mountain rail-/cableways
– Unlimited travel on the local sections of the Rhaetian Railway (RhB) and the local bus (VBD)
in Davos (except to the side valleys)
Please check with your hotel for other free or reduced access to a wide range of services and leisure
attractions.
Public transport
The local bus is free with the Davos Inclusive Card. Otherwise one trip costs CHF 2.90 (ticket is valid
for 1 hour of travel).
Taxi
Express-Taxi Tel. +41 (0)81 410 11 11
Train time-tables
www.sbb.ch/en or information at the train
stations
Rules of conduct
It is prohibited to take photos of any scientific
material at the conference and to copy any
presentation from the computers in the lecture
rooms.

In case of emergency
Ambulance (Emergency call number)
Tel. 144

Contacting the ISSW Committee
+41 (0)81 417 01 11 (SLF), issw@slf.ch

REGA (Swiss air-rescue)
Tel. 1414
Police (Emergency call number)
Tel. 117
Hospital
Spital Davos
Promenade 4, Davos Platz
Tel. +41 (0)81 414 88 88
Pharmacy
Dropa Apotheke
Promenade 40, Davos Platz
Tel. +41 (0)81 413 62 52
259

International Snow Science Workshop, Davos 2009, Abstracts

Exhibitors
ABS Peter Anschauer

Snowpulse

D - 82166 Gräfelfing
www.abs-airbag.com

CH - 1920 Martigny
www.snowpulse.com

Arcteryx

Tytec

V7H-3B2 Canada
www.arcteryx.com

CH - 8755 Ennenda
www.tytec.ch

Backcountry Access

Wiegele Helicopter Skiing

Boulder, CO 80301 U.S.A.
www.backcountryaccess.com

V0E 1J0 Canada
www.wiegele.com

Genswein

Wyssen Seilbahnen

CH - 8706 Meilen
www.genswein.com

CH - 3714 Reichenbach
www.wyssen.com

Geobrugg
CH - 8590 Romanshorn
www.geobrugg.com
Inauen-Schätti
CH - 8762 Schwanden
www.seilbahnen.ch
Mammut
CH - 5703 Seon
www.mammut.ch
Montagne & Neige Développement
F - 73800 Sainte Helene du Lac
www.groupemnd.com
Ortovox
D - 82024 Taufkirchen
www.ortovox.com
Pieps
A - 8403 Lebring
www.pieps.com
Recco
S - 18104 Lindingö
www.recco.com
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