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Abstract: During the last few years the Swiss avalanche warning service has undergone a major develop
ment in terms of utilization of communication and information technology. The collection and compilation of
meteorological and snow data as well as the broadcast of the avalanche danger information have been automa
tized to a large extent, making extensive use of internet technology.

Besides the traditional text-based avalanche bulletins, graphical products have been introduced in order to
increase attention of the younger customer segment, particularly freeriders. A variety of special charts and maps
(national and regional avalanche danger, snow and new snow maps) is produced and made available via inter
net. Additionally, compact information packages can be obtained via SMS or WAP.

However, as the avalanche winter 1999 has shown, proper communication of high quality avalanche infor
mation is not sufficient for an efficient handling of avalanche crisis situations. While the warning system itself
worked well in 1999, problems occurred (i) due to the non-uniform level of education and organization of ava
lanche security services, and (ii) due to the insufficient or sometimes missing communication between different
security persons and organizations. These problems have been addressed in a joint project with the federal au
thorities. First, a concept for unified education oflocal and regional avalanche security services has been elabo
rated and is now being realized in an ongoing series of courses. Second, an internet-based information tool
(content management system) has been developed together with an external partner. It supports the different
security services (road, railway, police, ski stations, etc.) in rapid mutual information about the situation and
organisational steps. The tool has undergone a successful pilot operation in the second part of the winter 2001
2002 in the region of Davos-Klosters.

Keywords: avalanche bulletin, avalanche countermeasures, avalanche forecasting, avalanche warning,
communication

1. Introduction
Within the framework of "Avalanche Warning

CH 2000" (Russi et al. 1998) the Swiss avalanche
warning system has undergone a major development
in the last few years, making extensive use ofmodem
developments in information and communication
technology.

A network of automatic stations for the measure
ment of meteorological and snow parameters has
been built up. Their data, together with those of a
dense network ofhurnan observers, form the basis for
the daily avalanche forecasting for the Swiss Alps,
issued by the SLF.

Strong attention has been paid to communication
aspects. Quick and easy access to the information is
crucial for the ski tourists as well as for the security
services. Therefore the information is broadcasted, as

far as possible, on all public platforms, such as ra
dio/TV, phone, internet, SMS, WAP, etc.

The first two months in the year 1999, with a
partly catastrophic avalanche situation, have been a
hard test for the warning systems as well as for the
people and organisations involved in crisis manage
ment. While in general the warning system and pre
ventive measures turned out to work well, some defi
ciencies became apparent in this extreme situation on
the side of the security and crisis management ser
vices. First, the performance in the different villages
and regions has shown to be strongly dependent on
the amount of experience that could be gained in
"normal" winters. Second, the communication be
tween the different security organisations in critical
situations in some cases turned out to be unsatisfac
tory. It became clear that a good "downward" infor
mation flow from the warning service to the security
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services is important, but also the "lateral" informa
tion flow between the partners in crisis management.

The above deficiencies were approached in the
project "Interkantonales Friihwarn- und Kriseninfor
mations-System" IFKIS (Intercantonal Early Warn
ing and Information System), carried out by SLF on
request by the Swiss Forest Agency BUWAL. The
results are presented in this paper. .

The paper is structured as follows. In sectIon 2
we <rive a short description of the basis for the SLF
avalanche forecasts. Section 3 contains a summary of
the daily products of the SLF avalanche warning
service. The information delivered by SLF forms the
basis for the local operational decisions of security
services. Traditionally, the SLF is not involved in the
operational decisions. Section 4 describes an ex.cep
tion from this rule. Following a fire catastrophe ill the
Gotthard tunnel and its subsequent closure in mid
October 2001, SLF was asked for on-site expertise
and consulting concerning the winter opening of the
Gotthard mountain pass road The actions and ex
periences are summarized in section 4. In section 5
we present the results of the project IFKIS and the
consequences drawn from the avalanche winter 1999.

2. The basis for the avalanche warning

2.1 The measurement and observation network

The network for the compilation of data for the
avalanche danger forecast consists largely of two
parts:

a) Automatic station network. The main part is
formed by the IMIS network (Intercantonal
Measurement and Information System), includ
ing around 75 automatic stations measuring
snow height, snow and air temperatures, humid
ity, radiation, and wind. The IMIS network has
been continuously extended since 1996 and is
being completed in 2002, up to minor modifica
tions and extensions. The stations are operated
by solar energy, because they are located close
to potential avalanche release zones and there
fore in most cases outside the range of the elec
tric power network.
In addition to the measured data the new snow
height is calculated by the numerical model
SNOWPACK (Lehning et a1. 1999; Fierz and
Lehning 2001), using the difference between
snow height and theoretically evaluating the
snow settlement.
The IMIS network is supplemented by the
ENET, a smaller network of 11 automatic sta
tions, built and operated together with Me
teoSwiss. The measured parameters are the

same as at the IMIS stations, but the ENET sta
tions are located close to mountain stations
where external power supply is available. This
allows for additional sensor equipment, such as
ventilated radiation sensors or heated wind sen-
sors.

b) Human observer network. The observer net
work consists of around 200 people reporting
the relevant meteorological and snow parame
ters and avalanche observations on a daily basis.
Some of them make flat field snow profiles
twice a month. Part of the observers have a pre
scribed measurement program and are not nec
essarily experts for estimating the local danger.
A second part, the so-called Geliindebeobachter
(slope observers) with avalanche expert know
how (guides, members of security services,
etc.) provide their evaluation of the local danger
level and personal observations by using a spe
cial questionnaire on Internet or fax.

The automatic and the human observer network
are of complementary nature. They are both indispen
sable and can not replace each other.

Besides the data discussed above, weather fore
cast and the comparison of the output of different
meteorological models are, of course, of central im
portance for the forecasting of the avalanche danger.

2.2 Data transfer

The data transfer from the automatic stations
(measurement interval 30 minutes) has been de
scribed earlier in detail (Russi et a1. 1998). It is made
in wireless form from the measurement station to a
relay station and then via the public phone lines.

The data taken by the human observers, in con
trast are transferred to SLF via Internet (operational,
since winter 2001-2002).

All the data are automatically included in the cen
tral SLF database, from where they can be accessed
and processed on one hand by the avalanche warning
service, and on the other hand for a series of internal
and external applications, e.g. the evaluation of pre
ventive measures.

2.3 Model input to forecasting

There have been continuous efforts at SLF to ap
ply the understanding of the physical processes in the
snow pack as an input for the avalanche danger fore
cast. The numerical simulation tool SNOWPACK

. (Lehning et a1. 1999, Lehning 2001) is in operational
use for the daily calculation of the new snow height
at the locations of the automatic stations. In addition
the tool calculates various snowpack indices for the
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daily use in the forecasting process (Lehning et al.
2000; Dorschoot et al. 2001). Present efforts are
directed towards numerical extraction of snowpack
stability information from the model calculations.

3. The SLF avalanche warning products

3.1 Information for the public

Information bulletins for the public are produced
twice a day. At 5 pm the main ("evening") bulletin
covering the entire Alpine area of Switzerland is
published. It consists of the four modules "General",
"Short term development", "Forecast ofthe ava
lanche danger for the next day", and "3-Days Ten
dency. The bulletin is published in German, French,
and Italian. It is broadcasted via Radio, phone, fax, a
series of newspapers, and internet. The latter has
become a very important medium, with a hit rate of
around 2 Mio. per winter.

On Internet the text bulletin is accompanied by
series of special information maps, including e.g. the
danger level, snow height, new snow, etc. An exam
ple is shown in Figure 1.

Figure 1. The avalanche danger on 1 March 2002.

In the following morning, the evening bulletin is
updated using latest station and observer data and the
new weather forecast of MeteoSwiss, for publication
in form of a series of regionally resolved morning
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bulletins at 8 pm. In contrast to the text based eve
ning bulletin, the morning bulletins are dominated by
a graphical display of the spatial distribution of dan
ger levels. The regional resolution and use of graph
ics guarantees easy readability and interpretation.

The evening and morning bulletins have quite dif
ferent target groups. While the evening bulletin pro
vides the basis information for, e.g., ski touring on
the next day, the morning bulletins are intended for
off-piste skiers in ski resorts.

The morning bulletins are also displayed in ski
stations (preferably in "waiting areas" in the ski lift
stations), often together with the so-called "Freeride
Check-Point", a table containing general information
on precautionary measures and an explanation of the
danger levels.

3.2 Information for security services

Besides the publicly available information, the se
curity services, responsible for traffic lines, buildings
and other infrastructure have access to additional
information.

First they can access the data from the automatic
stations via the Windows based software tool
InfoBox. Besides the bare data, the InfoBox provides
also appropriate processed information, such as 3-day·
plots of the evolution of relevant snow and meteoro
logical parameters. SNOWPACKresults are also
available in the InfoBox. The InfoBox is widely used
by security services throughout the Swiss, but also
the Austrian, German, and Italian Alps.

An important support tool for the security offi
cials is the "Early Warning" (Friihwarnung) function.
In case of an imminent critical situation an early
warning message is released via the InfoBox, indicat
ing the critical regions, see Figure 2. The criterion for
an early warning message is very restrictive, namely
a high probability that the next 72 hours will bring at
least 1m of new snow and the avalanche danger will
increase to levelS ("very large"). Ifthe snowfall is
not predicted to lead to danger levelS, then an "In
formation Heavy Snow Fall" is generated. These
informations are accompanied by an SMS or pager
alert (according to individual preference) with a re
quest to consult the InfoBox for details.
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Figure 2. Early warning message to security sen/ices.

3.3 Computer-assisted local support: NXD-2000

As mentioned in the introduction, SLF provides
the basic information for the local operational deci
sions, but in general no on-site decision support
("Einzelhangbeurteilung"). However, a Nearest
Neighbour based computer tool is available for this
purpose. The Nearest Neighbour approach, devel
oped some time ago by Buser (Buser 1989) has been
implemented and improved in the tool NXD-2000 by
Gassner (Gassner 2000). The tool has been installed
at about 30 sites in- and outside Switzerland, e.g. in
Snow Basin, Utah, for the Olympic Winter Games
2002.

NXD-2000 does not provide the user with a fore
cast, but with a "structured memory" of similar situa
tions in the past. The forecasts or the decisions, re
spectively, have to be made by the user himself.
At present all NXD users have their local databases.
A further planned development is to use these local
data as an additional daily information for the SLF
forecasters. This information, although highly local
and selective, could be very valuable.

4. On-site decision support by SLF: The
Gotthard tunnel fire catastrophe

The traditional philosophy of SLF has been to
provide the basic general information supporting the
security services, but not to be involved in any local
operational decision. One of the main reasons is to
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maintain the role as an independent instance, e.g. in
case of an accident with legal consequences.

While SLF will in general not refrain from this
principle in future, it provided local decision support
as a consequence ofthe fire catastrophe in the Got
thard tunnel in mid October 2001. The Gotthard
tunnel is at the heart of the main North-South car
traffic lines through the Swiss Alps. Therefore its
closure after the fire posed major traffic capacity
problems, particularly in view of the imminent win
ter. One of the envisaged solutions was the winter
opening of the Gotthard mountain pass road. While
providing a valuable alternative regarding capacity,
the winter opening posed major problems from the
point of view of avalanche danger.

The responsibility for control and maintenance of
national highways is on the cantonal level. While the
authorities on the north side (Canton Uri) are very
experienced with avalanche situations, the south side
(Canton Ticino) requested support from SLF for an
eventual winter opening of the mountain pass road.

A risk analysis (SLF 2001, Margreth et a1. 2002)
clearly showed that a permanent opening of the road
during a normal winter could not be envisaged, but
only a delayed winter closure. After the political
decisions in favour of this proposal had been made,
the following measures had to be taken:

a) Elaboration ofa security concept
b) Local extension of the measurement and obser

vation network with engagement oflocal spe
cialists



c) A special daily avalanche bulletin for the Got
thard region

d) SLF experts on the spot in critical situations.

Fortunately the snow and avalanche situation dur
ing most of the time until the reopening of the tunnel,
just before Christmas 2001, was very favourable.
There were only two short periods during which the
situation required the presence of SLF experts. How
ever, the experience for all the experts involved
(warning, measurement network, risk analysis) has
been a very valuable one.

5. Consequences of the avalanche win
ter 1999

5.1 The avalanche winter 1999

In the first two months of 1999 three subsequent
periods of heavy snow fall lead to a catastrophic
situation in the French, Italian, Swiss and Austrian
Alps. In the time between 27 January and 25 Febru
ary the total snowfall locally exceeded 5 meters,
corresponding to a reoccurrence interval of 80-100
years in some regions. 17 people were killed in the
Swiss Alps. Direct damages amounted to 437 million
Swiss Francs, indirect damages to 328 million (SLF
2000, Noethiger et al. 2002).

The avalanche winter 1999 has been a hard test
for all people and organisations involved in warning
and crisis management. While the information flow
from the SLF warning service turned out to work
well, a series of problems occurred on the level of the
local and regional security services. They can be
grouped into two parts:

a) Inhomogeneity of education level. While the
officials in regions with frequent avalanche
threats could in general cope with the situation,
the management of the crisis at other places was
sometimes unsatisfactory.

b) Partly inefficient communication between dif
ferent local security officials or services, leading
sometimes to inconsistent measures ("open
railway line parallel to a closed road").

These problems were approached in the project
IFKIS (Interkantonales Friihwam- und Krisen
Informations-System), which was carried out by SLF
on request of the Swiss Forrest Agency BUWAL. In
the following two sections we describe the conclu
sions drawn from this work.

5.2 Education and training concept

The SLF has traditionally offered courses and in
formation material for people in charge of security
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tasks. Following the analysis of the avalanche winter,
there was the widespread desire to define and achieve
a generally valid and accepted standard for local
avalanche experts.

Within the frame of the IFKIS project, the SLF
developed a modular education and training course
program. In order to secure general support, the
course program has been developed in close interac
tion with the cantonal authorities.

There are two course levels A and B:

Level A courses are attended by members of security
services whose task is the preparation of information
for the decision makers.

Level B are attended by people in leading positions of
security organisations and authorities (decision mak
ers).

Both the A and B level contain a general (basic) part.
In addition the course level A is split into three mod
ules 1 - 3 for subsequent specialisation. These are

Module 1. Snow- and avalanche observation (mainly
for the SLF-observers).

Module 2. Estimation of the local avalanche danger
(making of slope profiles, transmission of data, etc.).

Module 3. Estimation of the risk for objects (housing,
traffic lines, etc.).

The main goals of the courses are shortly summarized
in Table 1.

The courses are held according to the needs, usually
in the beginning of the winter. Very positive experi
ence could be gained during the last two years.

5.3 Information system

The second deficiency showing up during the
1999 avalanche crisis was the difficulty to conduct an
efficient communication between the different secu
rity officials (roads, railway, housing, etc.) in critical
situations. It was often difficult to sufficiently
quickly exchange information on new events and
enforced (or cancelled) measures. The most wide
spread medium, the phone, is not always the optimal
communication system, because the two (or more)
partners have to be available simultaneously. There
was a clear desire for an additional, more flexible
communication platform.
As a consequence of this situation, SLF together with
the Alpines Sicherheits- und Informationszentrum
(Alpine Security and Information Center) ASI in
Landeck, Austria, developed an Internet based action
information system (Massnahmen-Informations
System, in the following abbreviated as MIS). The
MIS allows security officials to inform each other
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about the actual state in their responsibility area. A
first version of the system had been developed by
ASI in response to similar communication problems
after the avalanche catastrophe in Galtiir in February
1999. The MIS has a usual Internet browser inter
face and is therefore very widely accessible. A typi-

cal part of the user surface is shown in Figure 3.
Access control (selective ifnecessary) is done via
passwords protection. The tool is based on a Content
Management System, allowing an easy and efficient
administration of documents of different type.

Table 1. The principal goals ofthe SLF course program for avalanche experts. In addition to the
general part, the course A contains 3 modules for further specialisation. Course B has no mod
ules.

Basic part

Module 1

(Course A)

Module 2

(Course A)

Module 3

(Course A)

Level A

Weather: Knowledge of the generally avail
able Meteo products and ability to inter
pret them in view of the avalanche dan
ger.

Snow: Knowledge of the basic snow forms an
the most important parameters influenc
ing the snowpack stability.
Ability to make snow profiles and inter
pret the corresponding snow profile plot.

Avalanche danger: Knowledge of all SLF
information and ability to interpret them
in view of his or her needs. Knowledge
of the factors responsible for avalanche
formation and ability to estimate the ac
tuallocal avalanche danger.

Ability of correct data compilation, in
cluding flat field profile, and internet
transfer to SLF.

Ability to estimate the local avalanche
danger level.

Ability to make a slope profile and to
transfer the results into a danger level es
timation.

Ability to extract the relevant informa
tion for the SLF warning service.

Ability to give basic instructions to be
ginners.

Knowledge of protection measures.

Ability to recognize need of organisa
tional measures and their documentation.
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LevelB

Weather: Like level A, in addition
Ability to interpret synoptic maps.
Ability to use and interpret the InfoBox
and observer data.

Snow: Knowledge of the basic snow forms an
the most important parameters influenc
ing the snowpack stability.
Ability to interpret snow profiles.

Avalanche danger: Knowledge of all SLF
information, concerning the InfoBox,
and ability to draw the appropriate con
clusions.

Measures: Ability to estimate the actual risk
potential by using the danger map.

Knowledge of the artificial release meth
ods, advantages, disadvantages, and the
legal situation.

Ability to recommend appropriate meas
ures.
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Figure 3. A part ofthe information platform MIS.

The system has passed a successful pilot opera
tion in the region ofDavos and and Klosters, two ski
resorts in the Eastern Swiss Alps. Participating or
ganisations were the local tourism offices, road au
thorities, the regional railway company, the police
departments and the security services of the local ski
stations. The pilot operation will be continued during
winter 2002-2003. In order to guarantee an optimal
information flow the MIS will be linked to local
communication systems, such as the touristic infor
mation system.

The intention for future development is to include
further regions. Although MISs covering different
regions may be interlinked to some degree they will
basically stay autonomous, reflecting the fact that
even extreme avalanche crisis situations like 1999,
are of local or at most regional nature concerning
crisis management.

involved services. lbis has become particularly clear
during the avalanche winter 1999. In order to im
prove the situation, the following needs were identi
fied: a) A high and education level of the involved
partners, with homogeneous standards, and b) appro
priate information channels. As described in this
paper, SLF has focused its efforts in both direction
the last years. The further development of the action
information system MIS and its installation in differ
ent regions will be an important future step.

6.2 Application to other natural hazards

The snow avalanche measurement systems and
warning procedures bear a high potential for other
natural hazards, such as hydrological hazards, land
slides, or rock fall. The extension and adaptation of
the present system to other natural hazards will be an
important future challenge.
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