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FOREWORD
CALAR was a Concerted Action Project on Forecasting, Prevention and Reduction of Landslide and
Avalanche Risks. supported by the European Commission, DG XII. The main objective was to
compile current knowledge and practice regarding Risk assessment and Warning Systems related to
landslide and avalanche problems and convey this technical know-how to end-users, e.g.
administrators in national and local authorities, insurance companies, engmeers, rescue services,
tourist industry, power generation and distribution companies, etc.
The Concerted Action was initiated by the recommendation of the EC, DG XII, with the Swedish
Geotechnical Institute, SGI, as the co-ordinator.
CALAR was assigned a grant from the Environment and Climate Programme of the European
Commission (EC), Theme 2, Environmental Technologies, Technologies to Forecast, Prevent and
Reduce Natural Risks, Hydrological and Hydrogeological Risks.
In addition, some financial support were provided by the Swedish Rail Road Adminish·ation, Swedish
Rescue Service, Swedish Environmental Board and the Swedish Council for Building Research and
numerous organisations in the participating countries.

The following organisations were partners of CALAR:

•
•

•
•

•

Swedish Geotechnical Institute, SE-581 93 Linkoping, Sweden (Co-ordinator)
Osterreichisches Forschungs- und Pruf-zentrum Arsenal Ges.m.b.H., Division
Geotechnical
Engineering, P.O. Box 8, AT-1031 Wien, Austria
Institut fur Lawinen- und Wildbachforschung an der Forstlichen Bundesversuchsanstalt, Rennweg
1, AT-6020 Innsbruck, Austria
Politecnico di Torino, Dipartimento di Ingegneria Strutturale, Corso Duca degli Abruzzi 24, IT10129 Torino, Italy
Imperial College of Science, Technology and Medicine, Department of Civil and Environmental
Engineering, Imperial College Road, London SW7 2BU, United Kingdom

The activities of the project were planned and co-ordinated by a Steering Group consisting of the
following Members:
•
•
•
•
•
•
•
•
•

Bjorn Sellberg, Ph.D., Chairman
Bo Berggren, Ph.D.
Christina Berglund, M.Sc.
K. Rainer Massarsch, Dr.Teckn.
Horst Schaffhauser, Dr. phil.
Erich Schwab, Dr. Tekn.
Hubert Siegel, Dipl.Ing.
Claudio Scavia, Associate Professor
John Hutchinson, Professor Emeritus, Ph.D, D.Sc (Eng.)

The project activities were administrated by a secretariat consisting of the following members:
CALAR Project Manager:

Jan Fallsvik, M.Sc. to October 1998, thereafter
Bo Berggren, Ph.D.

CALAR Project Secretary:

Kenneth Ahlvik to September 1999, thereafter
Christina Berglund, M.Sc.
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All partners and persons involved in the project and participating in the Innsbruck Expert Meeting and
the Vienna Conference contributed to the result of the project.
CALAR staiied in March 1998 and ended in June 2000.

Bo Berggren
Project Manager
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READER'S GUIDE TO THIS REPORT
We know that your time is valuable. Our advice to you is that the report should be read in the
following order:
1. Use 5 minutes to read the VIENNA DECLARATION. This will give you a strong feeling of what
society expects from us as decision makers, experts, end-users and from other perspectives
2.

Use 5 minutes, to read Chapter 1, the EXECUTIVE SUMMARY, and get a quick impression of
the CALAR project and some of the main results and conclusions.

3.

Use 5 minutes, to read Chapter 4, FUTURE R & D NEEDS, CONCLUSIONS AND
RECOMMENDATIONS.

4.

Use 1 hour to read Chapter 2, about the CALAR project and its results etc, for furiher information.

5.

As an expert you may want to spend more time to read the APPENDICES in order to find new
ideas for your research and new contacts for your network.
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THE VIENNA DECLARATION - LIVING WITH NATURAL HAZARDS
(Adopted by the participants of the Vienna Conference, January 2000)
From January 17 to 19, 2000, 400 representatives of science, industry, the public sector and
governmental agencies facing the challenges of mountainous hazards convened in Vienna on the
initiative of the EC approved project CALAR (Concerted Action on Forecasting, Prevention, and
Reduction on Landslide and Avalanche Risks) and under the auspices of the United Nations
International Decade for National Disaster Reduction / International Strategy for Disaster Reduction
(IDNDR I ISDR), the International Association for the Study of Insurance Economics (the Geneva
Association) and the International Society for Soil Mechanics and Geotechnical Engineering
(ISSMGE).
The significance of risks related to mountain hazards (such as avalanches, debris flow, landslides and
rock falls) is growing on the world-wide scale. Environmental degradation caused by man's
interference with nature and by climatic change increases the hazard potential. Growing population
density and mobility associated with urbanisation, expanding infrastructure and industrial facilities and
tourism expose more people and more prope1iy to hazardous events and thus generate increasing risks.
The strategy to meet these developments has two principles:

1. Society has to become better prepared for the impact of disasters.
2. Society has to proceed from reaction to, and protection against hazards, to the management ofrisk
by integrating risk prevention strategies into sustainable development programmes.
These goals are in accordance with those of the UN ISDR.
In order to achieve these objectives, significant progress in hazard and risk assessment, risk reduction
and capacity building is considered essential.
High priority should be given to the following goals:

HAZARD AND RISK ASSESSMENT

•

Improve the scientific understanding of mass movements on slopes..

•

Establish, manage and co-ordinate national and international databases on hazardous events and
damage to the natural and built environment. Access to these databases should be unrestricted.

•

Understand and quantify the vulnerability of people and society, the environment, buildings and
infrastructure, and develop methods ofreducing vulnerability.

•

Improve hazard maps with unified methodologies.

•

Develop risk assessment tools, such as risk maps and socio-economic impact studies for the
prognosis of potential damage, as indicators for changing risk and in order to increase public
awareness.
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RISK REDUCTION

•
•
•
•
•

Implement and enforce land use planning based on acceptable risk levels.
Apply appropriate engineering techniques to reduce hazard impact on human life, environment
and property.
Monitor hazard-prone sites (with sensors, satellites and human observations), develop and apply
early warning systems.
Promote integrated crisis management.
Consider insurance as integral part of risk reduction strategies.

CAPACITY BUILDING

•

•
•
•
•

Develop cross-disciplinary networks, that include all stakeholders, such as geoscientists,
engineers, urban-planners, political authorities, insurance and tourist industiy staff and risk
managers, and develop public-private partnerships.
Improve public awareness of hazards and risks.
Promote multidisciplinary education, training and exchange of information.
Foster the exchange of experience, knowledge and technology between the developed and the
developing world.
Promote the involvement of local communities in disaster reduction approaches and encourage
appropriate educational processes.

The conference participants are convinced that the general objectives and the specific action items
listed in this declaration can reduce the risks poses by mountain hazards to an acceptable level, which
in tum will help us to live with natural hazards in the 21 st century.

10(41)

CALAR

Final Report

1. EXECUTIVE SUMMARY
1.1 Introduction
CALAR - a Concerted Action 011 Forecasting;, Prevention and Reduction o{Landslide and Avalanche
Risks - was a European project with 5 partners from Sweden, Italy, AustTia and UK. The Co-ordinator
was the Swedish Geotechnical Institute. The project started in March 1998 and ended in June 2000.
The project was supported and funded by EC, the Environment and Climate Programme DG 12. and
other organisations.
The objective of CALAR was to act as a platfom1 for exchange of knowledge between researchers and
experts in the landslide and avalanche area as well as to help dissemination of knowledge to other
scientists, to industry and to end-users.
The aims of CALAR were:
•
•
•

To review the state of practice m forecasting, prevention and management of landslides and
avalanche risks
To find effects of synergy between the foregoing fields of activity
To identify research and development needs in these areas

1.2 Project Activities
Project activities, leading to this report, were
II

•
•
•

Steering Group Meetings
Steering Group Telephone Calls
Expert Meeting in Innsbruck, 1-3 March 1999
Vienna Conference "Living with Natural Hazards", 17-19 January 2000

The CALAR partner BMLF arranged the Expert Meeting in Innsbruck, X-CALAR'99. Totally about
40 experts participated. A site visit to Galtilr, where several avalanches destroyed the roads and
buildings, was also arranged.
The Vienna Conference was arranged successfully by the CALAR partner Arsenal in collaboration
with the Swedish Geotechnical Institut, where about 400 participants with different backgrounds came
together; such as experts, end-users and politicians on local, regional and national level.

1.3 Relations between landslides and avalanches
At the start of the CALAR project, it was considered important to summarise and document the
existing knowledge regarding landslides and avalanches in different European regions (state of
practice reports). This was achieved by regional reports covering four regions in Europe.

Nordic Region

Denmark, Finland, Iceland, Norway, Sweden

Western Region

France, Ireland, United Kingdom

Central Region

Germany, Switzerland, Austria

Southern Region

Italy, Spain
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Definitions
In this report, landslide is used as a general term for all kinds of mass movements in soil and rock. The
most common avalanche is the dry snow avalanche, which normally forms a dense flowing mass with
a cloud of snow particles above. Other types are powder snow avalanches and slush avalanches. The
following definitions for hazards and risks are used:
Hazard

Risk

The probability of occunence of a potentially damaging phenomenon in a given area
within a specified period of time.
The probability and consequences on life, health, property and the environment resulting
from the occunence of a potentially damaging phenomenon.

Hazards
Landslides lead to injury and loss of life and cause much damage each year. No monetary evaluation
was found, however. Likewise, avalanches cause considerable damage and loss of life each year.
Landslides develop in areas with combinations of high relief, weak strata, erosion, seismic shaking,
high groundwater, deforestation and past periglaciation. Avalanches occur when weak snow layers are
overloaded by accumulation of new snow, or as a consequence of decrease in strength due to
temperature influence or water saturation. Avalanche hazards appear in Alpine and Sub-arctic
populated regions or-close to steep slopes or ravines and creeks.

Hazard Assessment
Forecasting of landslides occurrence in space and time are very hazardous.
In landslide hazard assessment the following chronological steps are generally taken:
1.
2.
3.
4.
5.
6.

Collection ofrelevant existing information in a desk study.
Establishing a database of existing landslides including nature, dates and types of movement.
Air-photo interpretation and geomorphological modelling.
Combination of data, increasingly using G I S (Geographical Information System)
Ranking of slides by degree of activity.
Development of a landslide hazard assessment map.

Warning systems for landslides depend upon:
1.
2.
3.

Forecasting the location and timing of an external trigger, such as meteorological events or an
earthquake.
Monitoring pre-failure phenomena associated with the potential sliding mass.
Recognising a newly failed mass thus preventing traffic from running into it.

Warning systems for potential landslides using instrumentation for the monitoring of:
•

•

•
•

•

deformations of the ground surface and at depth
pore water pressure
earth pressure
temperature
vibrations and accelerations

Records of historical avalanches are used in the estimation of hazard for new establishments in or
close to potentially affected areas in all European countries where avalanches are threatening.

12( 41)
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Forecasting of avalanche hazard is used in most of the European countries. Central European countries
have well-developed meteorological networks of stations where observations are made regularly, and
where central and local authorities are publishing avalanche bulletins.

Consequences
The direct consequences of landslides and avalanches can be
•

death and injury to humans

•

damage to buildings and infrastructure

•

degradation of the environment and reduction ofland value

Indirect effects are e.g. interruption of transport routes.
There are no common data available on casualties in landslides, neither in modem time nor in the past.
Statistics on casualties and financial loss concerning avalanches are also sparse. Today, victims are
usually skiers, in Switzerland approximately up to 90% of the total.

Risk management
Quantitative landslide risk assessment for natural and man-made slopes began in practice around 1015 years ago, for example in Hong Kong. It has primarily been used in a relative sense to help in
prioritising mitigation measures. As experience is built up and techniques are improved and validated,
confidence in applications of such assessments will increase by time.
There are no commonly accepted landslide risk levels available in Europe, though in Sweden and in
some other countries the concept of risk, as a paired couple containing the likelihood of landslide and
the consequences, is increasingly accepted.
In most countries susceptible to avalanches authorities have paid attention to the risk. The Swiss
research and development have since the 1950 s made important contributions, which have been
generally accepted in the last decade. Avalanche protection techniques, developed in Switzerland,
have also been used in Austria, Italy, France, Norway and Iceland.
Avalanche risk management has a long history. Local people have warned travellers of dangerous
passes and settlements have been situated at locations regarded as safe. Today ski tourism and the
infra-structure system demand safety. Enormous economical resources are involved. In order to reduce
risk artificial release of avalanches is often used. The method is inexpensive and can render the roads
and ski areas free from unacceptable risks.

Research
Research work is important for improving assessment of hazard and risk. Co-operation between
research organisations and others form different countries and with different areas of competence
/fields is necessary for better understanding of the factors which are important for the successful use of
warning systems and for increasing decision based on judgement etc.

Interaction between natural hazards
Soil is a complex three-phase material with grains of one or more minerals. The pores can be filled
with water and air or just air or water, depending on degree of saturation. Soil properties can be
sensitive to water and loading, but short-term behaviour is relatively stable in comparison with snow.
However, long term influences cause changes for example for quick clay.
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In the 1930s and 40s and in the first Swiss guidelines for the design of avalanche retaining structures
the mechanical properties of snow were compared to those of clay, assuming an elasto-plastic
behaviour. Later snow was described as a visco-plastic or visco-elasto-plastic material. Clayey soils
are often regarded as a visco-elasto-plastic material today. Avalanches were, in the first theoretical
approaches described as a fluid flow. In recent years characterisation as a granular material has been
found more in accordance with field observations. This approach encourages the relation of
avalanches to some landslides in rock and soil.

1.4 Main Conclusions
Within the CALAR project the state of practice as well as research and development needs were
explored. The conclusions were derived within the following categories:
•
•
•
•
•
•
•
•

Risk level, risk reduction
Inventory, databases
Mapping, land-use planning
Models, forecasting
W aming systems, monitoring systems
Hazard and risk assessment for landslides and avalanches
Risk communication
Harmonisation
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2. THE CALAR PROJECT
2.1 Background
In Europe, especially in mountainous areas and along rivers and coasts, there are several regions,
where the risk of landslides and avalanches is high because of the topographical and geological
structure. Hydrological, hydrogeological, geological and geotechnical factors influence the probability
of the occurrence of such catastrophes, as does interference with the natural environment by human
actions.
The risk of landslides and avalanches taking place in developed areas becomes higher, as the demand
for new land increases. In order to maintain satisfactory safety levels, society must make the best
possible use of existing knowledge. A wide understanding and improvement of models and methods
for monitoring, forecasting and management of landslide and avalanche risks is then becoming more
and more important.
The main advances in this field of research will be reduction of risks and in certain cases even
elimination of disasters that otherwise would cause loss of lives and damage to, environmental values
and property. Improved decisions can be made as data on the prevailing conditions are upgraded. By
using improved methods and warning techniques, society and industry will be able to achieve
considerable economic savings, for instance by avoiding unnecessary closing of roads, railways,
skiing lift systems and evacuation of inhabited areas threatened by landslide and avalanche risks in
hazardous areas.
In order to increase the knowledge about landslides and avalanches, a Concerted Action - the CALAR
Project - was established, that dealt with forecasting, prevention and reduction of landslide and
avalanche risks.
CALAR was a Concerted Action Project with partners from Sweden, Italy, Austria and UK. The
project started in March 1998 and ended in June 2000. It was assigned a grant from the Environment
and Climate Programme of the European Commission (EC), Theme 2, Environmental Technologies,
Technologies to Forecast, Prevent and Reduce Natural Risks, Hydrological and Hydrogeological
Risks. The project has been formed after recommendation by the EC, DG XII.
The first idea of the CALAR project started as an outcome from a Swedish Network called GENI,
Geotechnical European Network for Information transfer. The GENI project included R&D, EC
legislation, Standardisation and Procurement. The objectives of GENI were
•

Firstly to create a national network comprising the fields of infrastructure, physical planning and
environmental protection,

•

Secondly to co-ordinate geo-related matters concerning R&D, dissemination of knowledge and
evaluation of consequences of the EU-harmonisation, and

•

Thirdly to initiate European R&D projects financed by the European Framework Programme.

During discussions with representatives from the EC, the CALAR proposal was born to initiate a
research project, which addresses problems of landslides and avalanches, and to focus on synergy
effects and future R&D needs.
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2.2 Objectives and goals
The overall purpose of the project was to work for the m1t1gation and control of the impact of
landslides and avalanches, by using geotechnical knowledge for risk assessment and effective warning
systems. The intention was that technology transfer and dissemination of knowledge between research
institutions, industry and society, would achieve this.
The main goal was to introduce the concept of risk assessment, which has, in places, been developed
and applied successfully on landslide problems, to avalanche problems and also vice versa. In
addition, research results, experience and methods for solution of stability problems of slopes
primarily in soft cohesive soils and loose soils were to be shared and discussed with experts, working
with avalanche problems, a process which should be beneficial to all parties involved.
An additional benefit was that some of the concepts discussed and evaluated in the project also might
be applied to other stability problems, such as rock falls and debris flows. However, this was not
considered a main goal, but the possible topic for a forthcoming project.
The project had the following principal objectives:
Compilation of knowledge by:
Collection, evaluation and compilation of geotechnical information, relevant to risk assessment
and control of landslide and avalanche problems.
Exchange of experience between experts from different disciplines (geotechnical engineers,
geologists, land-use planners, climatologists and hydrologists).
Knowledge dissemination by:
Promoting technology transfer between European countries and providing a link between research
institutions and industry.
Dissemination of knowledge, and introduction of methods and solutions, developed for control of
slope stability measures in order to reduce avalanche risks through inter-disciplinary workshops
with researchers and end-users.
Within the scope of the work, the anticipated result of the activities of the project was to identify,
develop and promote Best Practice.
A system for the forecasting, prevention and reduction of landslide and avalanche risks should be
based on four "cornerstones":
•

Hazard and risk assessment.

•

Monitoring and warning systems, with necessary links with local authorities and the affected
public.

•

Stabilisation measures or measures to minimise the impact of mass movements.

•

Legal and insurance activities.

The project addressed the first two items.
The project also dealt with the exchange of knowledge between researchers/experts in the landslide
and avalanche areas as well as the dissemination of knowledge (state of practice) to other scientists, to
industry and to end-users.
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2.3 Organisation
The project was managed by the Co-ordinator, the Swedish Geotechnical Institute (SGI). SGI was
working together with the following partners in collaboration:
•
•
•
•

6sterreiches Forschungs- und Pri.ifcentrum Arsenal Ges.m.b.H., Austria (Arsenal)
Institut fi.ir Lawinen- und Wildbachforschung an der Forstlichen Bundesversuchsanstalt, Austria
(BMLF)
Politecnico di Torino, Italy (Polito)
Imperial College of Science, Technology and Medicine, United Kingdom (IC).

A Steering Group with representatives from the partners guided the Project and had the ultimate
responsibility for the results of the project. The task of the Steering Group was to:
•
•
•

establish guidelines for the forn1, content and time frames for repo1is to be exchanged between
partners,
set up a calendar of project meetings and reports, and to
evaluate and review the results of the project.

2.4 Activities and Scope of Work
In order to reach the principal goals, it was essential to make optimum use of knowledge and ex
perience from different fields of geotechnology and avalanche technology. This would also result in a
better understanding of the mentioned types of natural hazards. The following activities were outlined:
•

Review of European and international R&D results in the area of landslides, mass movements,
snow stability, etc.

•

Compilation, assessment and comparison of investigation and testing methods, analytical
principles and risk assessment used for landslide analyses and snow stability problems, re
spectively.

•

Evaluation of monitoring and warning techniques developed for landslides, to be applied to
avalanche problems, including triggering mechanisms and advisable warning levels.

The conditions influencing the above topics indicate the complexity of this field. Therefore, the
objective was to compile information and illustrate various aspects, the principles of which later can
be applied to specific studies. The importance of co-ordination and strengthening of the existing
knowledge, as well as of an increased co-operation between different organisations active in this field
in a European network would lead to further progress. It was also outlined and found essential to
facilitate communication and understanding of technical and socio-political issues, i.e. links with other
areas, such as responsible organisations and authorities for tourism and social planning and local
housing, infrastructure planning, etc.

2.5 Performance of the Project
In accomplishing the goals of the Project the following activities were carried through:
• Steering Group Meetings; face to face
• Steering Group Conference Calls
• Expert Meeting in Innsbruck, 1-3 March 1999
• Vienna Conference "Living with Natural Hazards", 17-19 January 2000
A total of four Steering Group Meetings were held face to face and twelve Steering Group Conference
Calls.
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The Steering Group decided to show that the benefits of this project should include a survey of
technical aspects (improved methods and practices) and of a humanitarian consequences (saving life
and property).
The Regional Reports on Landslides and Avalanches, which document the state of practice in different
European regions, were produced by 10 experts and are the main documentation of the first of two
events to disseminate CALAR information - the Expert Meeting in Innsbruck, March 1999. The
CALAR partner BMLF arranged this meeting. The Regional Reports were presented and discussed
during the Innsbruck meeting. About 40 experts participated during the three days, during which about
30 presentations were given with interruption from many fruitful discussions. The meeting focused on
scientific and technical matters. A site visit to Galti.ir, where several avalanches destroyed the roads
and buildings, was also arranged.
The presentations and conclusions are attached to this report (Appendix A2). The overall presentations
give a comprehensive view of the current state of the practice and some proposals for future R&D
needs. After the Innsbruck Expert meeting, the Regional Rep01is were reviewed and the preparations
for the final major dissemination event the Vienna Conference- continued.
The Vienna Conference "Living with Natural Hazards" had a broader scope than the CALAR project
and was arranged by Arsenal Research and the Swedish Geotechnical Institute in co-operation with
BMLF, Austria, Imperial College, UK, Politecnico di Torino, Italy and the CALAR Project with
support from the European Commission. The conference was a pronounced success. Politicians from
local, regional and national level and experts were invited to discuss technical, socio-economic, policy
and other matters regarding landslides and avalanches and relations between the two disciplines. The
policy issues embraced guidelines for safety and risk assessment etc. for decision-makers in local,
regional and national authorities. In this way, the views of industry and end-users can be taken into ac
count for future programme planning and R&D results more directly implemented in production.
Totally 400 delegates were gathered at the imperial castle "Hofburg" in Vienna. Almost 60 lectures
were given and four workshops led to the Vienna Declaration. The results from the Conference are
summarised in the Vienna Declaration, Session reports and Workshop reports (Appendix A3).
The project was planned to work by investigation and compilation activities, which were evaluated
and disseminated at different levels:
•
•
•
•

Steering group meetings
Expert meeting
Workshop
Conference

The co-ordinator, SGI, was responsible for the compilation, evaluation and interpretation of
information in the area of landslide and avalanche research. Literature survey, personal contacts, use
of information technology, etc. accomplished this. The work was carried out together with the project
partners.
The Conclusions from the Innsbruck Expert Meeting and the Vienna Conference were analysed within
the CALAR steering group during first half of 2000 and form an important base - together with the
Regional Reports, showing the state of practice- for the CALAR report.
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2.6. Meetings
2.6.1 Innsbruck Expert Meeting, March 1999
Within the CALAR Project and at the Innsbruck Expert Meeting, X-CALAR'99, 1-3 March 1999, the
state of practice as well as research and development needs were discussed.
X-CALAR'99 was arranged as a meeting between experts, sharing experience during three days in
Innsbruck, Austria, in March 1999. All delegates participated with enthusiasm and constructively. As
the meeting concerned risk assessment of slopes in soil and snow it was convened in an area very
prone to slope failures and avalanches. In the valley of Galti.ir alone about 50 avalanches hit the road
or buildings during February 1999. Later in the spring the large snow masses melted and created
debris flows, which also led to a catastrophic situation.
The meeting was appreciated by the expe1is. One reason for this was that it is always inspiring to meet
new colleagues with different background. Another, very important factor was the fact that the host of
the meeting, Dr. Horst Schaffhauser and his co-workers at the "Institut fur Lawinen- und
Wildbachforschung an der Forstlichen Bundesversuchsanstalt" in Innbruck (BMLF), made great effort
to make us feel comfortable and welcome. The venue for the meeting, the empire summer residence,
formed a cultural and an excellent base for the meeting.
During three days about 30 presentations were given and discussed. Many of them contributed to a
better understanding ofrisks related to earth slope failures and avalanches.
The results from the presentations and discussions were summarised under the following headings:
•
•
•
•
•
•
•
•
•

Mass movements
Inventory, databases
Mapping, land-use planning
Models, forecasting
Warning systems, monitoring systems
Risk and hazard assessment
Risk level, risk reduction
Risk communication
Harmonisation

2.6.2 Vienna Conference, Living with Natural Hazards, January 2000
In January 2000, a conference called Living with Natural Hazards was held in Vienna in 17-19
January 2000, on initiative of the CALAR project. The main objective of the conference was to
present case histories of landslides, debrisflows, rockfalls and avalanches, lessons learned, and to
discuss their consequences for society. The objective was also to discuss risk assessment for different
hazards. Emphasis was placed on inter-disciplinary discussions ofrisk assessment and its relevance for
society.
About 400 participants attended the conference. The conference followed, for the first time, a holistic
approach in focussing on the scientific, environmental and economic aspects of natural hazards. In
order to cover the whole range of possible impacts, representatives from governmental and regulatory
agencies, operators of infrastructure installations, engineers, academicians, and professionals from
concerned sectors of the society, such as rescue services, the tourist industry, power generation and
distribution companies, insurance companies and the media were invited. The conference provided a
unique forum for interdisciplinary discussions and an exchange of information. The goal was that the
broad platform would enable us to learn from the past experience to ensure reasonable level of safety
in the future through new developments in the fields of risk management, hazard assessment, early
warning and disaster relief.
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2.6.2.1 Sessions
In
•
•
•

eight sessions 68 papers were presented. The conference focused on:
Keynote lectures by invited speakers on the importance of risk assessment for the society.
European State-of-Practice Reports on Risk Assessment and Warning Systems.
Coping with Risks:
- Examples of successfully performed individual adventures with calculated extreme
risks and
- Calculated risks from the point of view of an insurance organisation.
• Lessons Learned: Presentations and Discussions of actual Case Histories of landslides, mudflow,
rock fall and avalanches.
• Panel Discussion, outlining future needs and developments to provide a safer society.

2.6.2.2 Workshop
During the conference a workshop was held, covering four different topics, in parallel working groups:
1. Research and Development Needs - from a European perspective
2. Insurance of Risks from Natural Disasters - a part of Risk Management Activities
3. Needs of Technology Transfer and Improved Communication
4. R & D Needs for Land Use Planning and Risk Mapping
Chairn1en of the different Working groups were: Dr Bjorn Sellberg, Chairman of CALAR Steering
Group, Sweden, Mrs Jasmina Karba, Ministry of Defense, Slovenia, Mrs Christel Rose, IDNDR
Secretary, United Nations, and Prof. F. M Zimmermann, Universitat Graz, Austria.
On the basis of the presentations, the Workshop and discussions and previous findings, the conference
agreed on resolutions regarding Hazard and Risk Assessment, Risk Reduction and Capacity Building,
which were presented in the Vienna Declaration. The document aims to provide a guideline for
decision-makers and for funding procedures.
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3. STATE OF PRACTICE - REGIONAL REPORTS
3.1 Short description of the Regional Reports
As an input to the Innsbruck Expert Meeting, regional reports were written for both landslides and
avalanches. They were written as state of practice reports for four different regions in Europe.
Nordic Region
Western Region
Central Region
Southern Region

Denmark, Finland, Sweden, Norway, Iceland
France, Ireland, United Kingdom
Germany, Switzerland, Austria
Italy, Spain

The main purpose of the regional reports was to provide the background material for the project and
for the expert group meeting. The purpose was also to see the current practice in the different regions
as well as limitations and trends in the fields of landslide and avalanche research. As input to the
expert meeting in Innsbruck the regional reports showed, among other things, what is going on in the
different regions and which areas require future research and development.
The different regional reports have been summarised in one summary for landslides and one summary
for avalanches. The summaries, presented below, are based on the four regional reports, which is given
in Appendix Al.
The State of practice report on landslides was prepared by Prof. John N. Hutchinson,
Professor Emeritus at Imperial College of Science and Medicine, Department of Civil and
Environmental Engineering, United Kingdom.
The State of practice report on avalanches was prepared by Mr Jan Otto Larsen, Norwegian
University of Science and Technology (NTNU), Department of Geotechnical Engineering Trondheim,
Norway

3.2 Summary report on State of practice - Landslides
3.2.1 Introduction
This CALAR summary report on landslides aims to summarise briefly the various Regional Reports
on the current state of practice in landslide hazard and risk assessment and in the application of
monitoring and warning systems for their mitigation. These Regional Reports are included as
Appendix Al. While the situation in Europe naturally forms the major focus of the report, concepts
and methodologies from elsewhere in the world have been included where relevant. An accompanying
CALAR summary report on avalanches deals with the same topics with respect to snow avalanches,
and includes a chapter on "interactions", which highlights areas where concepts and methodologies
current in landslide studies and practice can be usefully applied to avalanche problems, and vice versa.

Definitions
Landslides are masses of soil, rock or debris that have moved downslope. A simple classification of
these is touched on below.
By "hazard" is meant the probability of occurrence of a potentially damaging phenomenon in a given
area within a specified period of time. In this context, the phenomenon is some type of landslide,
possibly man-induced. "Risk" means the probability and severity of adverse effects on life, health,
property and the environment resulting from such a hazard.
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Landslide classification
Landslides exhibit great variety. They are generally classified chiefly on the bases of their
morphology, their speed and the types of material involved. There is fairly wide agreement on the
main subdivisions into Falls, Topples, Landslides (Rotational, Translational and Compound) and
Flow-like movements, but some difficulties of classification and terminology remain.

Boundaries
For landslides (and avalanches) the European area is dealt with under three main headings, Nordic
Area, Western Area, Central area and Southern Area. These comprise respectively
Denmark, Finland, Sweden, Norway, Iceland
France, Ireland, United Kingdom
Germany, Switzerland, Austria
Italy, Spain
The emphasis is on sub-aerial landslides, but some attention is given to sub-aqueous ones.
3.2.2 Landslide hazards and consequences

General
Landslides are brought about chiefly by combinations of high relief, weak strata, erosion, seismic
shaking, high groundwater, deforestation and past periglaciation. Within the European area as defined
here, the main mountainous regions are the Alps and the Apennines, the Pyrenees and the Sierra
Nevada, the Massif Central, the Norwegian-Swedish mountain chain and, to a lesser extent, the high
ground of the NW British Isles. These are prone to rockfalls, debris flows and large landslides as a
result of glacial erosion and, more recently, glacial retreat and thawing of pennafrost. Away from the
mountains, erosion is most active on the coast and on certain rivers. Earthquake activity is generally
modest, with the notable exception of that affecting the Apennines. Deforestation, sometimes
associated with the development of skiing areas, has led to increased activity of shallow mass
movements, particularly debris flows, and consequent aggradation of rivers. A dominant feature of
clayey areas of gentle relief in much of central Europe is a mantle of weak relict solifluction material,
emplaced by repeated freezing and thawing during cold periods of the Pleistocene, which is very prone
to reactivation by human interference. Damaging sub-aqueous landslides occur off the coast of
southern France, in the Rhine delta and in some Swiss lakes.
Landslides result directly in death and injury to humans, damage to buildings and infrastructure and
degradation of the environment. Indirect effects, such as inte1ruption of transport routes, can also be
considerable.

Nordic Region
This is predominantly an intra-plate region with low seism1c1ty. In Norway and Sweden it has
experienced a large isostatic heave (up to over 200 m) as a result of the removal of the load of the last
ice sheet. At about the end of deglaciation the stresses generated by this heave were released, in N
Sweden for example, by some Post-glacial faulting, with associated landslides. A second, more
important, effect of the land-heaving was the raising of soft clayey marine sediments above sea level,
thus allowing their leaching by fresh groundwater and the consequent development of quick (highly
sensitive) clays which are prone to rapid and highly mobile landslides. As these heaved areas form the
most developed parts and richest agricultural land of the affected countries, Norway, Sweden and, to a
lesser extent, Finland, such landslides constitute a considerable hazard. In the mountains, chiefly in
Norway, rockfalls and the resultant waves when they fall into fjords and other bodies of water, are a
further serious hazard. Iceland, being on the tectonically and volcanically active Mid-Atlantic Ridge,
has its own suite of problems, including landslides.
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Western Region
Much of this is an intraplate region of low seismicity, except to some degree in southern France.
Glacio-isostatic heaving, an order of magnitude less than that in Scandinavia, affects Scotland but does
not result in significant quick clays. In France outside the mountainous areas and in the United
Kingdom, landsliding affects chiefly clay deposits, partly on the coast, where erosion is strong, and
inland through the reactivation of relict landslides and solifluction features associated with
deglaciation and thawing of the permafrost and seasonally frozen ground. Though less importantly, to
Ireland, where inland, bog bursts also occur. In the mountainous areas of France, and to a lesser degree
in Scotland, debris flows, rockfalls and topples and large landslides are fairly common.

Central and Southern Region
Seismicity is present in the Alpine region and becomes very significant in southern Italy. In the
Alpine area many landslides were associated with deglaciation and rockfalls, topples and occasional
large landslides continue. Landslide damming of rivers is fairly common. Debris flows and superficial
landslides are very numerous, especially as a result of heavy rain. The incidence of such failures is
increasing because of global warming, skiing developments and poor forest management. The
Apennines, forming the spine of the Italian peninsula, are composed largely of tectonised scaley clays
and are very slide-prone. Creep, large often old landslides and flow-like mass movements are
widespread. Some are earthquake-triggered.
3.2.3 Methodologies for landslide hazard assessment
The general approach is first to gather all relevant existing information in a desk study. This includes
topographical and geological maps, aerial photographs and written material. A database of existing
landslides, their nature, dates and types of movement is established. Using air photo interpretation and
ground truthing a geomorphological map is then made. These data are then combined, usually using a
G I S (Geographical Infonnation System) and the slides ranked by degree of activity. In the simplest
cases, this is done qualitatively, by judgement. Otherwise "factor maps" expressing the distribution of
the various factors believed to influence stability are prepared. These commonly include slope
inclination, underlying geology and structure, thickness of regolith, groundwater and weather
conditions, vegetation and land-use, signs of distress, and the presence or absence of earlier landslides.
Again, these factors are combined by G I S, often with relative weightings, arrived at either by
experience or statistically, to produce the final landslide hazard assessment map (commonly to scales
of between 1:5,000 and 1:25,000) in which the expected run-out of the slides is an important
component. Deterministic or, more commonly, probabilistic approaches are also employed. A more
detailed discussion of these methodologies is given in the Regional Report for Italy (Appendix Al).
3.2.4 Risk assessment
The relationship of hazard to risk is often expressed as
Total Risk, Rt = H x Ex V, where
H = Hazard
E = Elements at risk
V = Vulnerability of these.
Thus, in arriving at the Total Risk, assessing the nature of the hazard is a necessary first step, followed
by establishing what elements are exposed to damage from the hazard and how vulnerable these are to
the forces to which they are expected to be exposed. The Total Risk is the figure of interest to
insurance companies. This is nowadays commonly arrived at through a Quantitative Risk Assessment,
expressed ultimately in monetary terms. The human population, by reason of its mobile nature, is
especially difficult to assess, as the risk to it from a particular hazard will vary very much with the
time of day when the latter strikes. Quantitative Risk Assessment is in its early stages, beginning a
few years ago, for example in Hong Kong. It has been used initially in a relative sense to help in
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prioritising mitigation measures. As experience is built up and techniques are improved and validated,
confidence in more absolute applications of such assessments will increase.
3.2.5 Monitoring systems

Excellent instrumentation is now available for the monitoring of deformations of the ground surface,
of deformations at depth, of pore water pressures, of earth pressures, of temperature and of vibrations
and accelerations. The observations can be recorded on tape at any desired interval, or transmitted by
land-line, by radio or via satellite to those responsible for interpretation. High quality and sufficiently
comprehensive systems can be expensive and their deployment has generally to be matched to the
potential intensity and seriousness of the landslide hazard that is threatened.
The purpose of monitoring is to keep a finger on the pulse of the instability and to provide warning of
changes in the situation which may lead to failure.
3.2.6 Warning systems

Warning systems can be based on:
a) Forecasting of the location and timing of an external trigger, such as meteorological or
volcanological events or an earthquake,
b) Monitoring of pre-failure phenomena associated with the potential sliding mass, or
c) Recognition of the presence of a newly failed mass and preventing trains or road traffic from
running into it.
Of these, c) is probably the most feasible and a) the least. Systems of type b), particularly based on
surface movements of a developing slide, are widely used. Some notable successes have been
achieved, particularly in local, well focused situations of high economic importance. A good example
is the warning system for the second major rockfall at Randa, Switzerland, which enabled the
authorities to close the threatened area 7 hours prior to failure (Appendix Al).
Unfortunately cases of unsuccessful warning systems are numerous. This situation is discussed by
Hutchinson (2000), who concludes that for a successful and timely warning to be achieved it is
necessary to fulfil satisfactorily each of the following steps:
1) for the monitoring system to be designed to record the relevant phenomena, to be installed
in the right places and to be sound in principle and operation,
2) for the monitoring results to be assessed continuously by suitable experts,
3) for a correct decision to be made, with a minimum of delay, that a danger point has been
reached,
4) for this decision to be passed promptly to the relevant authorities, with a sufficient degree
of confidence and accuracy regarding the forecast place and time of failure for those authorities to
be able to act without the fear of raising a false alarm,
5) once the authorities accept the technical advice, to pass the warning on to the emergency
teams and the public in a way that will not cause panic and possibly exacerbate the situation c
6) for the public, who need to be very well informed and prepared in advance, to respond in
an orderly and pre-arranged manner.
It is thus not surprising that this complex chain of necessary actions frequently breaks down, and all
the above points need our attention. However, the major challenges here are to find .effective links
between the technical experts and authorities responsible for public safety and between the latter and
the threatened public.
Examples of two particularly tragic disasters which occurred despite warning systems being in place,
are the Vaiont landslide into a reservoir in North Italy in 1963, where over 2,000 lives were lost
(Leonards, 1987; Hutchinson, 2000), and the disaster on the Nevado de! Ruis volcano, Columbia, in
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1985 where over 20, 000 people were killed by debris flows generated by the partial melting of the ice
cap through volcanic activity. The penetrating and moving account of this catastrophe by Voight
( 1990) should be required reading for all of us.

3.3 Summary report on State of practice - Avalanches
3.3.1 General

Snow avalanches are caused by instability in the snow cover. Nonnally failure occurs in weak layers,
which are overloaded by rapid accumulation of new snow, or as a consequence of decrease in strength
due to temperature influence or water saturation. Avalanche hazard is typical for the Alpine and Sub
arctic regions in Europe where people live or have activity in or close to steep slopes or ravines/creeks.
Risk assessments are based on the understanding of avalanche release and flow mechanism.
Forecasting and warning of the avalanche hazards are important for closing and opening of roads and
ski areas, depending on knowledge of the release mechanism. Zoning plans and protection facilities
for settlements and constructions in the alpine regions are based on understanding of the avalanche
flow mechanism.
Research work is important in making proper assessment for hazard and risk. Co-operation between
research organisations in different countries and different fields will be an important goal for
achievement of more accurate judgements. Exchange of experience and standardising of protection
design and methods together with unity in laws and regulations will make the decisions easier in a
more unified Europe in the future.
3.3.2 Introduction

Avalanches cause damages and take lives every year, and as avalanche risk depends on terrain and
climate, each region has developed their own attitude to this threat. To prevent accidents each country
has had its own way to fight the problems by making laws and regulations for human activities. Risk
reduction measures as warning through forecasting, zoning plans in regulation and protective
measures has been developed through research mainly through the last 50 years. Different ways of
handling the avalanche threat are found from country to country, but there is today a higher potential
for international on these matters. The CALAR project is one step in this process, and this report
summarises the state of practice concerning the prevention and reduction of avalanche risk in regional
reports in the countries most effected by avalanches.
3.3.3 Definitions

Avalanches are defined as movements of large quantities of snow. The volume can differ widely from
below 1000 m3 to more than 1 mill. m3 . Avalanches occur usually on mountain slopes, but can also be
experienced on forested slopes where the vegetation is sparse, and on open meadows and farmland.
The majority of avalanches occur on steep slopes in mountainous regions. Exposed objects are
persons, buildings and communication lines, and roads, railways, ski lifts and electric power lines in
the avalanche release area, path or run out zone. The run-out zone can be in densely forested areas or
open valley floors as in central Europe or also on shorelines, as in Iceland and parts of Norway. The
run-out distance and impact forces on exposed objects are depending on the shape of path, the volume
of debris, the location of exposed objects depend on the shape of the path, the volume of debris, the
location of ~xposed ohjects and the type of snow.
Most common are the dry snow avalanches where the snow has a temperature below 0° C in the
release area. These avalanches normally form dense flowing snow masses with clouds of snow
particles above. Sometimes the dry snow avalanches form powder snow avalanches where the dense
flowing part is totally in suspension as a cloud. These avalanches can generate wide-reaching air-blast
forces far beyond the reach of the main avalanche debris.
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When the temperature exceeds 0° C in the release area or in the path, the avalanche snow becomes
humid or wet, which slows down the velocity depending on degree of saturation. In totally saturated
snow where all pores are filled with water through melting in the spring or in rain storms slush
avalanches can occur. Slush avalanches are typical in sub-arctic regions such as Norway, Spitsbergen,
Sweden and the Kola Peninsula in Russia. Release is usually on gentle slopes exposed to high
concentration of melt water in ravines, creeks, meadows and even on open farmland. Sometimes the
release of slush avalanches occurs when water penetrates snow dams as in avalanche dammed rivers
or at the outlet of snow-dammed lakes. They differ from normal wet snow avalanches by higher
density in the snow/water flow and different flow pattern, which makes the zoning, and design of
protection measures, different. Warning of avalanche phenomena is based on weather parameters,
depending on the type of avalanche.
3.3.4 History

General
Fighting the threat of avalanches has a long history. Local people with knowledge of when avalanches
occur has warned travellers in the mountains, and settlements have been relocated to safe locations
after accidents to help future generations to survive. Physical barriers for anch01ing the snow in
release areas and diversion dams have been used as protection measures to protect houses for more
than a hundred years. Increasing attention because of the growth in population, communication and
recreation activities added to lower level of risk acceptance has led to further development in the last
50 years.
Today ski tourism is a dominant commercial/recreational activity in the mountain valleys in central
Europe, and low risk is necessary for these businesses to operate profitably, for tourism, all kind of
buildings, access roads, lifts and runs have to be located in a manner to satisfy these requirements, and
enormous economical resources are involved. GrO\vth in population added to protection of farmland
have forced settlements closer to exposed terrain, and new communication systems with roads and
railways and new infrastructure such as electric power lines have increased the need for safety
requirements against natural hazards.
In most countries catastrophic avalanche accidents have alerted the attention of authorities to the
avalanche risk and led to preventive actions being taken.
Swiss avalanche research, which has been the most active in Europe, had minor support before the
catastrophic winters 1951 and 1954. These accidents made the authorities focus on fighting this threat
through research on the understanding of avalanche behaviour, forecasting, warning and zoning plans
as measures for reducing the risk. The active Swiss engagement in this issue since the 1950s has been
an important contribution to the research work and development of appropriate protection measures
for the whole world over past decades.
Avalanche protection techniques, first developed in Switzerland, have been used not only in the
neighbouring countries of Austria, Italy and France, but also in Norway and Iceland. Avalanche
research started in Norway in 1973 after a serious accident in the fjord district in 1971, followed by
governmental regulations and investment. In Iceland, avalanche hazard prevention started after the
serious avalanche accidents, which destroyed fishing settlements in the fjord districts of the north-west
coast in 1994-95.
Active construction of protective measures, which started late in the 19 th century in Austria, was
intensified after the two catastrophic winters 1951 and 1954. A high number of fatalities and damage
was also caused in these winters in other countries in central Europe a closer contact and co-operation
were initiated.
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Spain started a program for reducing the avalanche risk within the Catalan Pyrenees in 1986. In
countries like Sweden, Ireland and the United Kingdom avalanches are not a major problem, and little
or no active research and protection work is carried out. Accidents have occurred, however, in the
mountainous regions of Sweden and the UK, and both countries have information programmes aimed
to avoiding fatalities among.
In Russia, the Centre of Avalanche Safety of Apatit started research and development on protection
measures after a major accident in the mining city of Kirovsk in the Khibini Mountains. There has not
been any close contact between the former Soviet Union and Europe in research and development of
protection, but new approaches have been made in Russia in the 1990s.

Casualties and financial damage
Only a few countries have reported their statistics on casualties and financial losses concerning
avalanches, and as may be expected, these are the countries where avalanches have the highest impact
on the population. In Switzerland the yearly average rate of fatalities in the last 40 years is 26, and 24
of these are related to recreation activities such as skiing and mountaineering. The typical victim has
gradually changed from being people in settlements to people in outdoor activities. In the 1950s and
60s half of the victims were in settlements or travelling on roads.
In Austria there is documented an average of 27 victims per year in the last 15 years 1984 1999. In
the early 1950s (1951 and 1954) 278 persons lost their lives. As in Switzerland persons in recreation
activities are most exposed, as most fatalities occurred to skiers and climbers. In the last 30 years a
high loss of lives among people in outdoor activities is also documented from the USA. The only
avalanche fatalities in Sweden and the United Kingdom are among people travelling in mountain
terrain mostly for recreation. In Norway an average of 6 persons have been killed in avalanches in the
last 50 years, and in the period from 1972 - 1997 131 persons lost their lives. Of these 55 % were
killed in recreation activities (Kristensen, 1998). In Iceland the accidents have primarily hit
settlements, and in one year (1995) 34 people were killed in two fishing villages. There are other
considerable periods between avalanche accidents in Iceland, and the yearly average of fatalities in the
last 50 years is small (2-3), but when they occur the consequences are devastating for the small
exposed fishing towns at the coast. Few recreation fatalities are reported from Iceland.
France and Italy, like Austria and Switzerland, have a high number of fatalities in avalanche accidents
every winter, but the regional reports have no information about this.
In Switzerland the mean financial damage covered by insurance between 1972 and 1993 has been
around 5.7 Mill. CHF per year. For the winter 1998/99, which is a peak year, the estimate is 250 - 300
Mill. CHF. As avalanches also have indirect influence on the society, the total cost in Switzerland is
estimated to be in the range of 1 billion CHF for the winter 1998/99. The value of the avalanche
damage, though not documented in the regional reports, is probably of the same magnitude also in the
other countries in the Alps region.
3.3.5 Authorities
In Austria the responsibility for avalanches lies with the Ministry of Agriculture and Forestry (BMLF),
mainly under the Group of Torrent and Avalanche Control. Austria is divided into 9 provinces
(Bundesland) and 7 sections, each with regional responsibility for preventive work concerning this
threat. On the regional level there are 7 avalanche service centres, two of them in close contact with
the Federal Weather Forecast Service. Avalanche warning commissions are acting at the community
level.
Research organisations are primarily the Austrian Federal Forest Research Centre and also the
Universities in Vienna, Salzburg, Innsbruck and Graz.
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Switzerland is divided into cantons with local laws and regulations within the framework of Federal
laws. The responsibility is at the canton level, but the requirements come from Federal authorities,
which also subsidise the prevention work locally. The Federal institutions which are responsible for
snow avalanche research and prevention are Eidgenossische Forstdirection, Bundesamt fur Umwelt,
Wald und Landschaft (BUWAL), and the National Platform Natural Hazards (PLANTE).
Eidgenossisches Forschungsanstalt fur Wald, Schnee und Landschaft, (WSL) and Eidgenossisches
Institut fur Schnee und Lawinenforschung (SLF), are responsible for most of the research work on
snow and avalanches in Switzerland, and also for development, design and endorsement of prevention
work against snow avalanches.
In France the responsibility is divided between different ministries. The Ministry of Interior handles
Civil Security, the Ministry of Transportation mitigation measures on Roads and Ski resorts, the
Ministry of Agriculture taking care of research and mitigation measures through CEMAGREF and the
Ministry of Environment controls technical aspects for protection measures. Locally, as in Austria, the
communities are responsible for evacuation and civil security operations.
In Italy the Interregional Association distributes the responsibility of avalanche forecasting and
prevention to regional administrations that are co-ordinated for snow and avalanches (A.I.Ne.Va).
There are 7 alpine administrative regions and autonomous provinces in northern Italy. The National
Department of Civil Security is involved in producing warning bulletins for avalanche hazard.
In Catalonia in Spain there is a Public Avalanche Warning System established by the Geological
Survey of Catalonia. Scientific studies on avalanches are under the University of Barcelona, which co
operates with the Geological Survey of Catalonia. In the rest of the Pyrenees the responsibility for
warning and mapping are undertaken by the Central Government of Spain.
In Norway there are different departments involved in avalanche research and mitigation. Department
for Education and Research is responsible for warning and research through the Norwegian
Meteorological Institute, the Norwegian Geotechnical Institute (NGI) and the universities. The
department of Environment is responsible for mapping and avalanche zoning through the Norwegian
Mapping Authority. The department of Agriculture and Department of Transportation are responsible
for mitigation measures. The NGI is the main research organisation for snow avalanche research, but
the Norwegian University of Science and Technology (NTNU) is also involved in research
programmes.
In Iceland the Ministry of Environment is responsible for avalanche forecast, prevention and research
through the Icelandic Meteorological Office. In Sweden the Swedish Environmental Board, is
responsible for information about avalanche hazard in the Swedish mountains. Department of
Transportation has the responsibility for avalanche hazard assessment and protection for highways in
both countries.
3.3.6 Legislation

In Switzerland the cantons are responsible for laws and regulations within the framework defined by
the Federal laws. The laws are strongly connected with the avalanche zoning plans based on hazard
assessments. Each canton had to make Master plans including a map at the scale of 1: 50 000
according to the Federal Law for Land-use planning of 1979. This Master plan designated hazardous
territories, but was not developed for every canton due to lack of Federal subsidies. New regulations
through the Federal Law on Water Management and the Federal Forest Law from 1991 have among
other objectives, the mitigation of the avalanche hazard with focus on preventive measures. Each
canton is required to make a register of events and hazard maps at the scale of 1: 5 000 to take
avalanche hazard into account in land-use planning. The Federal government subsidies the cantonal
authorities up to 70 % of the costs.
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In Austria the government is responsible for safety of inhabitants, public and private properties. The
expanding tourism in the late 1960s required legal control to prevent new settlements being
constructed into endangered areas. To avoid natural disasters the federal laws requested development
of avalanche maps in order to register avalanche events from catastrophic winters, a work which was
started in 1969. The Austrian Forest Law from 1975 defines the avalanche phenomena and its threat
to the society. In this law the avalanche run-out zone is defined as a basis for hazard and risk
assessment through avalanche zoning. The responsible organisation in this hazard mapping is the
Federal Service for Torrent and Avalanche Control. The maps, which include the total catchment and
release areas, are at scales of 1: 20 000 and l: 5 000.
In Norway the local counties are responsible for the safety of the population through Federal Laws and
regulations. The first Building and Planning Act from 1965 puts restrictions on land-use, but there
were no guidelines for hazard evaluation. After active effort by the Ministry of Agriculture in the early
80' s, support of avalanche and rockslide mapping at scale of 1: 50 000 was started to help the counties
in zoning of hazardous areas. A new Plan and Building Act in 1987 and new regulations of 1987
defined acceptable hazard and risk in the planning process. The Building regulations of 1987 are
developed further in new regulations of 1997.
In Iceland the catastrophic year 1995 made the authorities focus on laws and regulations to prevent the
establishment of settlements into hazardous areas, and for the protection of already exposed
settlements. The process, based on primarily Norwegian legislation is under development. Hazard
zoning had earlier been based on historic records. These will be up-dated and based on new criteria.
3.3.7 Hazard and Risk

Hazard identification
In the identification of avalanche hazard some countries have a good documentation of historical
events. These records are partly historical descriptions and partly maps with drawings of the exposed
area. Records have been used for a long time in the estimation of hazard for new establishment in or
close to exposed areas in all European countries threatened by avalanches. In earlier days this
information was all that was available for hazard assessment; today historical records are just part of
the material available.
In Switzerland the identification of avalanche events has been made systematically in a uniform
classification where all natural disasters are covered in the same documents. Maps of phenomena are
based on a uniform legend in cantonal Master Plans (I: 50 000) and Communal Local Plans (1: 5 000).
A new digital database where all natural disasters are covered (StorMe) is in test operation in selected
cantons, and will form the new Register of Events for the future.
In Austria the Forest-technical Service of the Austrian Torrent and Avalanche Control has mapped
more than 5 800 avalanches in the areas of permanent settlement. Information on historical disasters
has been collected as a basis for the "registration of events".
Inventories of avalanches related to maps in scale 1: 25 000 are also available for different regions in
Italy, France and Spain. But only in France there is applied detailed zoning and land-use policy within
mapped avalanche areas.
Maps of events have been worked out for some limited regions at the Norwegian west coast at the
scale of 1: 100 000. There are also records of natural disasters where avalanches are one of the most
important issues. These records are used in zoning, which has been in progress since the early 1980 s.
In Iceland there are good historical records of avalanche events in inhabitant areas. Such records are
still the most important tool for the zoning plans in local districts.
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Hazard and risk assessment
To identify the avalanche hazard, chronicles and maps of historical events are supplemented by expert
judgement and technical models. In this identification process both empirical and dynamic models for
calculation of the avalanche run-out are in use. One empirical model developed at the NGI in Norway
uses records from around 500 extreme events (100 - 1000 years return periods) as a basis. The first
dynamic model was developed in Switzerland after the catastrophic winters in the early 50's (Voellmy
1955). This model, with modifications, has been used in central Europe for zoning in the following
decades. Work to develop the model further has been one of the main issues in avalanche research
through the last 20 years.
The hazard maps in Switzerland are today made by avalanche expe1is on the basis of historic records,
field investigations, dynamic models and judgement. "Guidelines for the consideration of avalanche
hazards in planning land-use activities" (OFF/SF, I 984), and "Guidelines for the calculation of dense
flow avalanches" give the procedures for the zoning. In the Swiss guidelines the quantitative criteria
for risk assessment combine impact intensity and probability of occurrence. The avalanche zoning is
divided into four categories.
Red zone:
• Pressure of more than 30 k:Pa for avalanches with a return period of up to 300 years.
• Avalanches with a return period of up to 30 years independent of pressure.
Blue zone:
• Pressure ofless than 30 k:Pa for avalanches with return period between 30 and 300 years.
Yellow zone:
• For powder snow avalanches: pressure less than 3 k:Pa, return period more than 30 years.
• For dense flow avalanches: pressure unknown, return period more than 300 years.
White zone:
• No avalanche impact expected.

GIS (Geographical Information System)-tools are used to make the hazard maps at scales of 1: 5 000
or 1: 10 000 easy available for the users in the planning process.
Austria uses two zones in their maps for hazard assessment:
Red zone:
• Pressure more than 25 k:Pa. (> 10 k:Pa since July 1999 )
Yellow zone:
• Pressure between 2 k:Pa and 25 k:Pa (approx. 10 k:Pa ), return period up to 150 years.
The Austrians have earlier mainly used the Swiss guidelines in their estimation of avalanche hazard
based on run-out distance judgements. Based on field observations, new models have been developed
in Austria for describing the dynamics of snow avalanches (BMLF 1996). This work has developed a
new tool in accurate estimation of the limits in hazard zoning for their maps of scale 1: 5 000.
France uses two-zone hazard maps of scale 1: 5000 as in Austria, but defines the zones more like the
Swiss:
Red zone:
• Return period less than 30 years or impact pressure above 30 k:Pa.
Blue zone:
• Return period 30 - 300 years and impact pressure less than 30 k:Pa.
Related to the hazard zoning there are restrictions on land-use.
For Switzerland the following restrictions are imposed:
Red zones: Buildings are prohibited because of high risk of fatalities and serious damage.
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Blue zones: Construction is allowed if certain safety requirements are met.
Yellow zones: Construction can be carried out without any other restrictions than infom1ation
inhabitants about possible danger.
Risk assessment related to hazard is less developed, because risk assessment has to take into account
the consequences of the possible event. This means that the number of persons and the time of
exposure have to be taken into account. Also the value and the importance of constructions have to be
quantified. Risk is therefore today more related to the choice of protection, when in some cases it
would be better with an objective cost/benefit analysis.
In the Nordic countries, only Norway is making hazard analyses and risk assessments based on laws
and regulations. Iceland has under development legislation for risk assessment, which primarily has a
basis in Norwegian laws and regulations.
Norway has no zoning plans for hazard assessment as in central Europe, but has made maps of
potential hazard based on maximum run-out for avalanches and rockslides at a scale of
1: 50 000. The tool used for run-out estimates of avalanches is primarily an empirical model. For risk
assessment two models, one developed in Norway, another in Canada, are used. The red zone in these
maps indicates areas where more accurate investigations should be made. The local maps are usually
made at a scale of 1: 5 000 before permission for construction is given.
After an accident in a NATO exercise in north Norway in 1986 where 16 soldiers lost their lives,
hazard maps for army exercise areas all over Norway. A new series of maps for this purpose has been
produced at a scale of 1: 50 000. Release areas and run-out areas are separated in the maps according
to the limitation of army activity to periods with different avalanche hazards.
Hazard and risk assessments according to legislation in Norway are based on probability of fatalities
for exposed persons. Divided into three consequence classes there are three levels of hazard defined in
the terms of probability for avalanches. The most used hazard limit, which is for houses with less than
two storeys, expresses a maximum nominal yearly probability of 10-3 (return period of l 000 years).
Iceland has chosen 3 · 10-3 (return period of 300 years) as a limit, which is more in accordance with the
risk assessments in central Europe.
As zoning plans with avalanche hazard assessment are guiding the development of infrastructure in
avalanche prone regions, zoning is the most important task in fighting the avalanche threat. Risk levels
for vehicles and trains are not defined in any of the European countries according to the summary
reports. The construction of ski lifts is regulated but there are big differences in judging the acceptable
risk for skiers. Central Europe has ski patrols and rescue teams responsible for the safety of the skiers.
In the Nordic countries there are more arbitrary safety.

3.3.8 Protection measures

General
To improve safety and avoid catastrophic situations in hazardous areas there are other well-developed
techniques. Forecasting of avalanche events with or without further precautions such as artificial
release is used widely in ski resorts, for highways and in general for back county/off piste skiing.
Information through the media, by courses, available literature and film/video is also used to create
higher public perception and avoid accidents to skiers and climbers, which are the categories with
highest number of fatalities in Europe and the USA today. Risk assessment and zoning plans are used
in the planning process for new construction and for estimation of the risk potential for old structures.
Forecasting of catastrophic situations and evacuation of people can be necessary when people are
allowed to live in zones of moderate and low avalanche hazard. Other ways of reducing risk are
physically to protect exposed objects or to prevent avalanche release.
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Forecast and warning
Forecasting of avalanche hazard is used in most of the European countries today. Central European
countries have well-developed meteorological nets of stations, where observations are taken regularly
and where central and local authorities publish avalanche bulletins. In the Swiss Federal Institute for
Snow and Avalanche Research in Davos (SLF) there is a section which has been active in forecasting
of avalanche hazard in the last 40 50 years. The forecast has been mainly quantitative, based on
experience, institutional and local knowledge of the forecaster until the early 1990s. Data is collected
from 75 snow and avalanche observers and 65 automatic snow and weather stations.
Today computer programs are becoming more and more important for analysing the large amounts of
field data, and are of help in the forecasting. As avalanche hazard can vary widely, final decisions are
take on a local level. Therefore, three levels of forecast are developed with national, regional and local
warnings. The SLF forecasts on Federal and regional level.
In Austria forecasting operates on a regional basis, with daily bulletins available through the media.
Local avalanche commissions use the bulletin as an important tool in decisions on weather to keep
roads and ski areas open, and also in the evacuation of settlements. The Austrians have two levels of
committee, one for normal avalanche risk evaluation, and one for evaluation of precautions in
catastrophic situations. The Austrian Federal Railways have their own service with decisions
independent of the regional service.
In France, Italy and Spain the avalanche forecasting is also on regional and local levels. On the
regional level a meteorological network of manual and automatic weather stations provides data about
weather and snow depth as a basis for a daily avalanche bulletin. In the bulletin the avalanche hazard
is graded in 5 levels, and is a useful basis for decision making for those who use mountains for
recreation activities. On a local basis observers analyse the snow stratigraphy regularly as added
information for decision making.
In the Nordic countries, only Norway and Iceland have their own national avalanche forecasting
system. This system is based on a federal network of meteorological weather stations, and bulletins are
only given when the avalanche hazard is estimated to be high. Local observers, who use snow studies
for the determination of avalanche hazard as in central Europe, are not active regularly. An exception
in Norway is high-risk periods as Easter when the population in the mountains and ski resorts
increases substantially for a short period of time.
Another issue is local observations for highways, where observers are trained to make decisions for
closure and opening dependent on local knowledge and weather observations.
From earlier days the roads were kept open until physically closed by avalanches, and reopened as fast
as possible to avoid traffic jam and delays. After an increasing number of accidents, where the workers
were killed or had narrow escapes, a law in Norway stopped this procedure. Today highway
authorities are reducing the risk to workers by closing and opening exposed highways and roads in
accordance with the forecast, with or without artificially releasing avalanches.
Evacuation plans for buildings are accord with the zoning plans in central Europe, and are active under
catastrophic snow/weather situations. In Norway evacuation plans are in use for a few settlements
where accidents have occurred. Because of the accidents in 1995 Iceland made evacuation plans for
some fishing towns at the north-west coast. In these towns forecast, warning and evacuation are
temporary protection measures until permanent physical protection is built.
Most of the avalanche problems in Sweden are related to skiers in ski resorts and back country/off
piste. The Swedish Organisation of Lift Operators, SLAO, and "the Swedish Environmental Board",
SNV, produce regional ski guide maps, brochures and information booklets to inform skiers and avoid
accidents. Videos and television programs are also available, and information about avalanche hazard
is given at both regional and local level.
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Artificial release
To minimise the closure period for roads and ski areas after a forecast of avalanche hazard, artificial
release of avalanches is used. This method is relatively inexpensive and makes the roads and ski areas
safe without unacceptable risks and irregularities. A limitation of the method is in areas where
settlements are in potential avalanche run out zone where artificial release could cause damage. The
most common methods of release are blasting with different kinds of explosive pre-placed, transported
with lifts or shot by guns/mortars. Bombing from helicopters or blasting with gas from pre-placed
equipment near the release area is also used.

Physical measures

Constructions in and around avalanche release areas
Active protection through physical barriers has been used for more than a hundred years in some of
the European countries. Construction of shelves in the rock or soil in release areas to anchor the snow
and construction of split walls of soil in front of exposed houses in the avalanche path are just the
beginning of the development of modem protection facilities.
Today Swiss guidelines ("Richtlinien fur den Lawinenverbau im Anbruchgebiet") give design criteria
for anchoring the snow in the release Europe and rest of the world. There are doubts about the validity
of these guidelines in maritime climate with a different type of snow. Therefore, field studies have
been going on in Japan, Iceland and Norway to adjust the design criteria to the local environment. So
far Iceland has decided to use the Swiss guidelines with a one-parameter adjustment. In Norway the
Swiss guidelines have been used in the 60's and 70's, but a new model, based on results from the field
studies, is now in use for design of masts and supporting structures in the release area.
The coastal terrain in Norway with flat topped mountains makes snow fences useful in avalanche
prevention by collecting the drifting snow on the plateau above the avalanche release area. This
method has been used with success at different places in the sub-arctic part of the country. Control of
the snow accumulation by fences or other type of structures is also used in a small scale in central
Europe.

Constructions in the avalanche path and run out-zone
Today the method of constructing defence structures. around farmhouses and exposed objects is
developed further to protect large settlements and towns. Structures such as diversion dams/walls and
catch dams/walls of up to 25 m in height are used. In design of these structures it is important to have
a proper knowledge of the velocity, run out and flow pattern in an avalanche at the location of the
protection facility. As flow pattern and effect of the structures is highly dependent on type of snow,
velocity, thickness of debris and form and location of protection measure, theoretical knowledge and
practical experience is important for achievement of necessary safety.
In protection of roads, sheds are used frequently in central Europe and tunnels more often in countries
such as Norway with low traffic and good rock quality. For both structures proper pre-investigations
are needed to locate the sheds and tunnels correctly. Experiences with sheds, which are expensive
protection facilities, show a series of mistakes in construction due to improper knowledge of
avalanche flow behaviour, and the desire to save money. Avalanche triggered signals to stop traffic
and avoid accidents are used both for highways and railways.
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3.3.9 Research

Research to reduce the risk to people living in avalanche-prone areas has the goal of understanding
snow avalanche release mechanisms, flow patterns and interactions with protection measures. Snow
physics is a basis for understanding the release mechanism of avalanches, and basic research has been
performed partly at Universities, and partly at research organisations, where the Swiss (SLF) have
been in a leading position in Europe. Co-operation with the USA, Canada, Japan and Russia has given
important input to this research, which is a basis for snow avalanche forecasting and warning. In
research on slush avalanches the NGI in Norway has made progress in understanding the relation
between release and weather parameters for use in forecasting, while the Japanese and the Russians
have done research on the physics of the material.
Zoning plans and protection facilities in the avalanche path and run-out area are primarily based on
knowledge of avalanche movement, and research to understand flow mechanism has been important
task for the last fifty years. As mentioned earlier, Voellmy in Switzerland developed the first
mathematical model for avalanche flow, and this model has been the base for most of the more
sophisticated models developed in the last 30 years. The Voellmy - Salm model developed at the SLF
is a basis for understanding avalanche mechanics. Field measurements of avalanche dynamics by H.
Guebler with radar measurements of the dense flowing part of the debris made were an important
contribution.
The newly opened study site in Sionne in Switzerland is a new European field research project with
the goals of improving the understanding of avalanche flow behaviour and impact on structures.
Dynamic avalanche models have also been studied theoretically in other countries, such as France,
Austria, Canada, Japan and Norway. CEMAGREF in France has been working for decades on the
dynamics of powder snow avalanches. The Ryggfonn project, which was started by NGI in the early
1980s, had the goal of finding models for run-out distance and impact pressure on structures, which
matches with some of the goals for the Sionne project in Switzerland. Avalanches are triggered
artificially, but also naturally released events can be recorded. A dynamic model was developed from
the experience from this project, the NIS model, which is in use both in avalanche zoning and design
of protection in Norway today.
In the Ryggfonn project also avalanche effects on electric power lines and dam structures are also
studied, and a new model for designing of deflecting dams/walls has been developed, based on
avalanche flow mechanism.
A research project in Russia, with field studies at the Elbrus station in Caucasus, had a similar goal as
the projects of Sionne in Switzerland and Ryggfonn in Norway. The Russian field project was
operating until the collapse of the Soviet Union in the early 1990s. Also the Japanese have done
research field studies of avalanche dynamics in the Korrobean canyon project, and have co-operated
with countries in Europe. Recently, avalanche dynamic studies also started in Montana, USA.
There has been project co-operation and exchange of researchers between different countries in the
last decades. As an example Japan and Norway co-operated in the Ryggfonn research project in the
early 1990 s, and in the last decade there has been co-operation between different European countries
sponsored by the EU research programs.
3.3.10 Conclusions

Until the early 1990s Switzerland has been in the lead in fighting the threat of avalanche hazard.
Research activity in the other European countries has increased rapidly in the last 30 years and today,
there is also activity in Austria, France, Italy, Norway and Iceland. Each country has been busy with
its own problems, and has tried to solve these its own way. As there are common issues of importance
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more focus should be paid on co-operation in the future. Also co-operation between different fields of
research could be encouraged.
Understanding of avalanche flow is difficult, but forms the basis for all zoning and protection work.
There should be a focus on common research on this subject as is the intention in the
Sionne project today. A common strategy in determining hazard zones and risk levels should be a
goal. The same issue arises in forecasting and warning, where harmonised procedures should be
developed. It should also be possible to co-operate on warning procedures in ski areas, as people today
commonly cross borders between different countries.
Accidents and damage are also treated differently by the insurance companies in the various European
countries today. Co-ordination towards developing common standards in this and other issues is
desirable especially in a Europe that is becoming increasingly unified.

3.4 Synergy effects
3.4.1 Interaction between natural hazards

Snow is a mono-mineralic material with ice crystals as the only solid substance. The grains and
crystals are, however, quite different in shape and under continuous metamorphism, so the material is
difficult to model. The pores are normally filled with air except for slush, where part of the pore
volume is filled with water. Soil is a more complex material with grains of one or more minerals. The
pores are filled with water depending on degree of saturation. The structure of soil apart from collapse
of structure is relatively stable in the short term, in contrast to snow, which exhibits relative rapid
structural change depending on humidity, pressure and temperature. The accumulation of snow is
connected to precipitation, wind and terrain, and the temporal and spatial distribution varies from year
to year. As metamorphism changes the material after accumulation, the snow cover is normally a
layered structure where each layer has a different development history. This makes the snow cover
unique in time and space, and is the reason for the extreme variation in physical and mechanical
properties.
Soil is complex from a structural point of view, and the properties can be sensitive to water and
loading, but usually behaves in a relatively stable manner compared to snow. Long term influences
can cause important physico-chemical changes, for example quick clay.
Basic research work on snow mechanics in Switzerland in the 1930s and 40's related snow to clay as
an elasto-plastic material. This was the theoretical approach for the first Swiss guidelines in the design
of avalanche retaining structures in the release areas. Later studies describe snow as a visco-plastic or
visco-elasto-plastic rheological material. Studies of failure mechanisms in snow from a geotechnical
point of view have been carried out and should be continued in future projects.
In the first theoretical approach to avalanches they were described as a fluid flow. In the last years
characteristic as a granular material has been found to be more in accordance with field observations.
This approach relates avalanches more readily to landslides in rock and soil. The relation of
avalanches to slides in quick clay is also currently being investigated.
Slush flows and debris slides should have something in common with high content of water, making
the movement more fluid. The changes in flow behaviour as the water drains out in the run-out zone,
is a complication. Sub-marine slides in granular soils have also been investigated as granular flows, of
interest in the offshore oil industry. The release mechanism for these slides involves the liquefaction of
loose sand and silt.
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Today dynamic flow models for avalanches are being adopted for use in submarine slides and
landslides in rock and soil by changes in input parameters. Research is in progress in find the best
types of model and the most appropriate parameters.
In the valley and fjord districts in Norway rock falls and avalanches are the main natural hazards in the
same terrain, and are therefore combined in the survey mapping at the scale of 1: 50 000. If obvious
conditions or signs of slush flows or debris flows are present, they are also included in this mapping.
In the local maps at the scale of 1: 5 000 it is assumed that all kinds of natural hazards are taken into
consideration (Earthquake is not considered because of low magnitude and low frequency except for
offshore constructions).
Avalanche defence techniques, such as dam structures used to protect against rockslides are used, but
wire nets, such as applied for rock slides and slides in soil have not been successful. Rock slides,
landslides, debris flows and slush flows can all be related to hydrological conditions. To find
similarities, which can be used in warning, is however difficult; there can be weather situations which
trigger more than one type of these slides.

3.4.2 Synergy effects between landslides and avalanches
There are few similarities but many differences between avalanches and landslides:
Snow is mono-mineralic, while soil is not. Snow is light compared with soils and rocks. As one result
of this, certain avalanches (high speed dry ones), unlike landslides, have an associated dust cloud.
Avalanches, unlike landslides, take place in snow deposits that are usually less than one year old.
Therefore long-tem1 and "geological" effects are not involved.
Avalanche-prone snow deposits, unlike landslide-prone soil and rock deposits, disappear each summer
and may or may not reform in the same place in the following winter, depending on the vagaries of the
weather.
Mapping of potential danger areas is more difficult for avalanches than for landslides. The latter are
essentially fixed in time (though they may extend in all directions) and lend themselves to mapping,
which can be expected to be valid for probably a few decades. From a good database of past
avalanches it is probably generally possible to identify areas where avalanches can be expected to
occur; however, through unpredictable weather patterns, avalanches also take place in unexpected,
previously safe locations.
Both snow and most soils are frictional and strain-softening
The principle of effective stress is fundamental to soil behaviour and landslides. To what extent does it
play a part in snow behaviour and avalanches?
Many landslides fail in a gradual, slow manner, often on slopes of below 10°, while most snow
avalanches occur on considerably steeper slopes, and tend to run away. Monitoring in order to warn
against failure is thus much more difficult to accomplish in avalanches than in landslides.
There could be mutual benefit in exchanging ideas on the difficult problem of transmitting the
technical warning of danger to the affected population.
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4. FUTURE R & D NEEDS, CONCLUSIONS AND RECOMMENDATIONS
4.1 General comments
The issue of Living with Natural Hazards is extremely important and should be of great priority for
further European R&D. This Concerted Action has dealt with Landslides and Avalanches. In the
CALAR project comprehensive Regional Reports are presented, covering almost the whole of Europe
with regards to these phenomena.
The meeting in Innsbruck and the Vienna Conference attracted many experts, politicians, end-users
etc. Interesting presentations and discussions were made during these events. Of course, the number of
experts in Europe is large and not all were involved in the CALAR team. These meetings are,
however, very important cornerstones for the CALAR project and the network of expertise built up
will be of great value for future European projects and concerted actions. The preparation and
promotion process of future Concerted Action groups is essential and sufficient time for these actions
should be provided for.
Natural hazards pose serious threats to the safety of citizens and have adverse consequences for social
and industrial development, tourism, infrastructure and the environment. Unrestrained urbanisation
and exploitation of nature exacerbate these effects. Important tasks are to monitor and evaluate
specific catastrophic events by international collaboration between experts of different fields. In
addition to the fields of landslides and avalanches, there could, with advantage, include disciplines
such as volcanology (warning systems, physics of flows), seismology (warning systems), physics (the
flow pattern of high viscosity fluids and of grain flows), etc.
Preventive and remedial measures for hazard mitigation and the use of monitoring, warning and rescue
systems are also important matters needing to be energetically pursued.
The harmonisation of regulations and the co-ordination of research are also areas of high priority for
the future. In addition, the requirements of developing countries when dealing with natural hazards are
of great importance.
In the following paragraph, R&D topics for future research, development and information projects are
discussed. These are based on the discussions during the two dissemination projects (Expert Meeting
in Innsbruck and CALAR Conference in Vienna), as well as based on discussions between the
members of the CALAR steering group.

4.2 R&D needs
The presentations and documentation and revised Regional reports from the Innsbruck Expert meeting
provide a comprehensive account of the current state of the art and ongoing R&D activities on
Landslides and Avalanches in Europe.
From the Working Groups at the Vienna Conference, specific suggestions for further European R&D
were listed (Appendix A3). Some of these suggestions were included in the Vienna Declaration. An
important general conclusion from these two meetings is that there exists an important need of
infonnation exchange and technology transfer between the different groups working with, or affected
by problems of mass movements. These groups include representatives of:
•
•
•

Universities and research organisations
National and international organisations, funding research, development, technology transfer
and information activities
Local, regional and national government bodies
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Rescue organisations, including military and civil defence authorities
Insurance companies
Media and press

The significance of risks related to natural hazards is growing on a worldwide scale. Environmental
degradation caused by interference of man on nature and possible effects of climate change increases
the hazard potential. Growing population density and mobility associated with urbanisation, expanding
infrastructure and industrial facilities expose more people and more property to hazardous events and
thus generating increasing risks. The priority for developing countries is to get access to existing
knowledge, technology and training which already exists in industrialised countries. Increased training
and technology transfer would result in immediate benefits. These areas include basic concepts for risk
mapping and identification of hazard zones, which have been applied successfully in Europe.
The strategy to meet these developments aims at two principles:
•
•

Society has to become better prepared for the impact of disasters.
Society has to proceed from a reaction to hazards to the management of risk by integrating risk
prevention strategies into sustainable development programmes.

High priority should be given to the following goals:
• Hazard and risk assessment
• Risk reduction
• Capacity building
Future R&D needs can be divided into the following four areas: 1. Harmonisation of terms and
concepts between different technical disciplines but also between different regions (in Europe and
elsewhere), 2. Transfer of technologies between different technical disciplines, from scientists to end
users or between different geographic regions, 3. Evaluation and interpretation of actual events and
case histories and development of new strategies, 4. Development of new technologies and techniques,
theories and monitoring.

Harmonisation
•
•
•
•
•

Terminology of mass movements of soils, rocks and snow.
Mapping, symbols, boundaries etc, for mass movements in soils, rocks and snow.
Risk assessment, including multidisciplinary risk assessment projects (social, economic and
insurance aspects etc)
Databases. What criteria must a case have to be useful as a case history?
Classification ofrelevant literature and of research projects from related areas.

Transfer of technologies
•
•
•

Interaction with other related disciplines (meteorology, earthquake engineering, off-shore
engineering, rock mechanics, hydrogeology, Wildbachverbaung etc.)
Interdisciplinary cross-fertilisation - between technical, social, economical and insurance
approaches.
Overview of other types of mass movement (rock fall and rock slides, "Muhren", lateral spreading
due to dynamic effects etc).

Development
•
•

Relations of soil- and rocks Ii des to climate, water and earthquakes.
Progressive failure models.
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Improvement and co-ordination of databases.
Development of joint research strategies, on which future research projects can be based
Exchange of industrial experience (equipment manufacturers, software/programme developers
etc.)
Improvement of risk management - including land use planning, and links between the
geoscientists, politicians, public authorities, insurance companies and the local population.
Vulnerability of structures, vehicles and people. Strengthening of buildings.

Theory and monitoring
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Cost benefit analyses.
Better understanding of dynamics of avalanches.
Comparison and evaluation of analytical methods for assessment of failure mechanism in soil/rock
and snow materials.
Interpretation of velocity-time displacement curves or, better, time versus the reciprocal of
velocity.
Improvement of hazard and risk mapping.
Risk assessment at different scales (local, regional and global).
Back analysis of failures in rock, ice and snow and comparison with in situ tests. Improvement of
methods of predicting failure.
Modelling of dynamic forces of avalanches and criteria for, the design of protective measures.
Improvement of run-out models for both avalanches and landslides.
Risk and reliability analyses.
Overview of geotechnical field and laboratory tools which could be used for snow investigations
Comparison of zoning methods for landslide and avalanche problems (analytical, empirical,
statistical etc.)
Field monitoring systems and their application to practical problems (pre-sliding and sliding
mechanism)
Use of protection measures against landslides and avalanches

4.3 Conclusions and Recommendations
Concerted Actions on well-defined subjects during limited time frames are - according to experience
in the CALAR project - a valuable procedure for identifying important research areas and for mapping
the state of practice. During the performance of the Concerted Action a good network for European
projects has been established as well as contacts with the responsible people in the commission.
Some of the issues from the closing session of the Vienna Conference are outlined below:
•
•
•
•

Consider the relations between the probability and consequences
Regard the conflict between human values and risks in different situations
Aims to prevent disasters rather than to make good after them.
Increase cross-disciplinary collaboration.

As always, it is of course better to work with nature, rather than against nature.
The degree of synergy found between the state of practice in landslides and in avalanches was small
(section 3.4). This lack should clearly be remedied in future Concerted Actions.
From the extensive list of possible R & D topics given in section 4, we could highlight
•

Ham1onisation of maps, symbols and databases
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Further interdisciplinary collaboration and cross-fertilisation, especially in the areas of theoretical
models, pre-failure monitoring and the development and operation of warning systems.
Improvement in the technique of risk management for landslides and avalanches, with particular
emphasis on the linkage between the geoscientists, the public authorities, the local population and
the insurance companies.
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NORTHERN REGION
REGIONAL REPORT, LANDSLIDES AND AVALANCHES

K. Rainer Massarsch

Member ofCALAR Steering Group
GEO Engineering AB
Ferievagen 25, SE-168 41 Bromma, Sweden

1. INTRODUCTION
The Nordic regional report attempts to summarise the current state of practice in landslide and ava
lanche risk assessment and the application of warning systems for their prevention. The objective of
the Concerted Action is to review the state of practice of risk assessment and the application of warn
ing systems for avalanche problems and landslides, and to identify benefits resulting from a closer
future exchange of knowledge between the two areas. The background material for the present inves
tigation was collected by a variety of methods, including a review of the pertinent literature, contacts
with specialists by telephone and e-mail as well as personal interviews. Emphasis was placed on de
velopments during the past 10 years. However, also information from older material has been re
viewed, where deemed to be of relevance. Although, most references in the report concern work,
which was performed by Nordic scientists and specialists, valuable information was also be found
outside Europe, especially in North America, Japan and India.
Definitions and boundaries
Landslides in Nordic countries are generally considered to occur mainly in very soft and sensitive
clays. It is generally recognised that also other types of mass movements, such as debris flow or rock
slides can occur and can have similarities with the presently investigated problem. The flow mecha
nism of these soils can be similar to that of snow avalanches. Snow avalanche problems are in many
countries studied by experts with little geotechnical knowledge and there is limited exchange of expe
rience and research results. However, as will be described in the present report, significant progress
has been achieved in Norway by the close interaction between geotechnical engineers and avalanche
experts. This co-operation has been unique and could serve as an example for future research projects.
Figure 1 exemplifies the relationships between different types of mass movements involving the inter
action of water, mineralogical material and snow. Many different mixtures of solid material, water and
snow can occur in nature, which contributes to the complexity of the phenomenon. A general and
comprehensive discussion of landslide and avalanche phenomena is beyond the scope of the present
investigation and reference will be made in the following sections to relevant literature.
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Figure 1. Relationship between different types of flow and soil/rock mass movement
1.2 The Nordic Region

The Nordic Region covers a large geographic area with rather variable geological, topographic and
climatic conditions. Therefore, in some countries, neither avalanches nor landslides are of major con
cern, for example in Denmark. Finland has similar geological conditions as Sweden, but these coun
tries are less mountainous. Therefore, landslide and avalanche problems are not considered of high
priority. Sweden has a long history of devastating landslides, which occur frequently. Most landslides
in Sweden take place close to the seashore, at lakes or along rivers, where soft deposits of very soft
and sensitive clays often are present. It is in these areas where most of Sweden's major cities are lo
cated. Avalanche problems have become of importance only relatively recently, because of increased
tourism and infrastructure developments in remote and mountainous areas. While landslide problems
are considered for all types of land planning, and must be taken into consideration in all stages of a
construction project, this does not apply to avalanche problems. Similarly, also in Norway landslides
are a major problem and their effect is taken into consideration in land planning and risk assessment.
However, Norway has also populated areas with settlements in the near vicinity of steep slopes, which
are potentially prone to avalanches and rockfall. Because several disastrous avalanche accidents have
occurred, research in this area has been very active during the past 25 years. Avalanches are a major
problem in many areas oflceland, landslides also but to a lesser degree.
There exists a close co-operation between Nordic geotechnical engineers and their respective geotech
nical societies. Beside close co-operation and exchange of information on specific problems, such as
standardisation of methods and equipment, Nordic Geotechnical Meetings are held on a regular (four
year) basis. National geotechnical institutes exist in all Nordic countries and the position in society of
these institutes is very strong. Government, regional and municipal authorities rely strongly on their
competence in the case oflandslide risk assessment. These institutes also keep close contact with other
research organisation such as universities, consulting companies and other experts working with land
slide problems. It is thus not surprising that most of the information contained in the present report
was developed and published by representatives of these organisations. They also participate actively
in national, regional and European research projects.
2. LANDSLIDES
2.1 Landslide hazards and consequences
2.1.1 Sweden

Most of Sweden's surface is covered by dense moraine (till), which does not constitute stability prob
lems for normal construction and land development activities. However, all major cities are located
close to the seashore, along rivers or lakes, where very soft glacial and post-glacial deposits commonly
occur. The increasing need for land, infrastructure developments (canals, railways, roads and high
ways, ports and airports) and expansion of industries and urbanisation have led to the use of land
4
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which previously was considered marginal. This development started with the industrialisation of
Sweden during the last century and has since resulted in several severe landslides and failures of
slopes and embankments. A Geotechnical Commission of the Swedish State Railways was created in
1913 because ofrepeated landslides along the main railroad lines. This commission can be regarded as
one of the milestones of modern soil mechanics. The term "geotechnics" (in Swedish: geoteknik) was
coined by this Commission. Besides the Swedish Geotechnical Commission, a special Harbour Com
mittee was set up in Gothenburg in 1916 because of a major failure of a quay. The analysis of this
slide resulted in the Swedish Slip Circle Method. Figure 2 shows some of the most important land
slides, which have occurred in Sweden during the past 50 years.

Figure 2. Major landslides in Sweden, areas in grey indicate location below the highest sea water
level, from Report 2:90), Swedish Commission on Slope Stability
In 1977, a major landslide occurred in Tuve, a suburb of Gothenburg, killing 11 people and causing
extensive damage. The evaluation of the factors, which led to the Tuve slide, showed uncertainties
regarding the assessment of the stability of slopes in soft, sensitive clays. A major symposium was
held in 1982, which is documented in a comprehensive report published by the Swedish Geotechnical
Institute (SGI Report Nr. 17, 1983). This report includes major contributions from Sweden and other
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Nordic countries, which are still of relevance for the present project. In 1988, The Commission on
Slope Stability - a committee of the Royal Swedish Academy of Engineering Sciences (IVA) - was
founded for the purpose to handle research, development and information on landslide matters. The
main tasks of the commission were to initiate and to co-ordinate research on, and to give information
about slope stability problems, landslides as well as methods for preventive measures. The work of the
commission was financed by government grants, as well as by fees paid by commission members. The
commission finished its work in 1996. It published some 25 reports (in Swedish), covering many areas
of concern for landslides and slope stability problems. These reports covered the following subject
areas:
•
•
•
•

Guidelines for slope stability analysis
Natural environment and environmental consequence of preventive measures
Regulations for liability and claims for compensation at landslides
Reinforcement and soil improvement measures for silt and clay

The commission also produced a video illustrating landslides and slope stability problems and their
effects.
A major landslide occurred in Vagnharad, south of Stockholm in 1997, 20 years after the Tuve slide.
As a consequence of this slide, the need of further research and information efforts for slope stability
and landslide problems is again being discussed. The Swedish Geotechnical Institute has been asked
by the Swedish Government, Ministry of Communication and Transportation to evaluate risks and
needs of risk assessment in geotechnical and foundation engineering as well as environmental engi
neering, and to provide a better concept of risks assessment. This study, which is performed in co
operation with other governmental organisations, will also address landslide and stability problems.
Stability problems similar to landslides have also occurred in Sweden in connection with the construc
tion and operation of tailing dams. Industrial waste products are often stored in tailing dams and can
have similar geotechnical properties as natural soils. The stability of tailing dams is an increasingly
important problem, especially because of the added environmental hazard, which can be caused by
flow slides of toxic industrial waste. This is especially relevant for risk assessment strategies and ap
plication of warning systems.
Legal responsibilities and compensation aspects with respect to landslides and slope failures were
studied in Report 3:94 (1994), published by the Swedish Commission on Slope Stability. During the
planning phase (preliminaIT: al).d de;tailed) of housing projects in urban areas it is the responsibility of
the municipality to perform investigations with the objective to verify possible landslide hazards. The
Swedish government is responsible for the health and safety in general, and can require modifications
of local and regional building plans. However, the property owner is responsible for the cost of reme
dial measures. The local municipality may also take action to assure the overall safety for the inhabi
tants. Also discussed in the report are the rules and regulations, which apply in the case of stability
problems and the implementation of remedial measures. In the case of landslides, or imminent risk
thereof, the Municipal Rescue Authority (Raddningsverk) is responsible for all activities. The possi
bility for property owners to cover risks of landslides by insurance is small. In the case of natural ca
tastrophes the government can give financial and other support to individuals. Several case histories
are presented to illustrate the problems associated with landslides.
~.1• •

._·•

•

The Swedish Commission on Slope Stability evaluated the consequences of landslides in Report 1:95
( 1995), Costs from slides - four possible alternatives. This report discusses in qualitatively the respon
sibilities and costs for government and municipal authorities, as well as those of property owners and
others in the case of actual landslides or when there is a risk for a landslide. Four scenarios in built-up
areas were studied. The responsibility according to Swedish law for rescue efforts rests with the gov
ernment or local authorities (municipalities). In spite of the assistance from the government, major
financial consequences have to be absorbed by the owner. Insurance may not cover all aspects of land
slides. It should be mentioned that as a result of the work of the Swedish Commission on Slope Sta
bility, efforts are being made to modify and improve some of the present laws and regulations.
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In Sweden, the national rescue authority (Statens Raddningsverk) has been given the responsibility to
evaluate the stability within developed (built) areas. The national rescue authority has an annual
budget (at present about 25 mill. SEK) to implement preventive and remedial measures against land
slides, slope failures and other natural hazards.

2.1.2 Norway
Statistically, a large quick clay slide (slide volume in excess of 1 mill. m 3) occurs in Norway on aver
age every 14 years. As many marine clay deposits are located in the most densely populated parts of
the country, quick clay landslides represent serious hazards. The largest quick clay slide in modern
times is the Verdalen slide in 1893, involving more than 60 mill. m 3 soil. The most recent large land
slide took place at Rissa in 1978 and is documented extensively in the literature as well as on film.
Both these slides are located near the Trondheim fjord (Troendelag fylke), (Gregersen and L0ken,
1983). Landslide-initiated flood waves have also caused major damage in Norwegian fjord districts.
Models were developed to predict the effect of waves generated by landslides in the Norwegian fjords,
forstad (1968). These models were applied successfully in 1985 to solve practical problems in Green
land, (Larsen et al., 1986). The Norwegian Geotechnical Institute has developed this model further to
investigate the consequences of landslides/rockslides in fjords and lakes in Norway. Also the CRSP
(Colorado Rock fall Simulation Program) has been useful for rockslide hazard evaluation and design
of protective measures, Larsen (1995).
In 1996, the ih International Symposium on Landslides was held in Trondheim. Of the 308 papers,
two thirds deal with risks and hazards, investigations and stability analysis. The proceedings present
an impressive multidisciplinary, scientific and engineering approach to the various aspects oflandslide
problems. They also present, from a world-wide perspective, the state of practice of landslides re
search, and outline major new trends and developments with respect to landslide hazards, risk map
ping and stability assessment. The paper by Leroi (1996), Landslide hazards - Risk maps at different
scales: Objectives, tools and developments, provides a general overview of the subject.
In Norway the problem oflandslides is, as in Sweden, the responsibility of the national government. A
special governmental fund "the National Fund for Natural Disaster Assistance" has been set up to
carry out this task. The Norwegian Geotechnical Institute has been engaged by this organisation to
carry out a project of nation-wide mapping of quick clay areas with respect to potential landslide haz
ards. However, in Norway major safety hazards are also caused by debris flows, rock falls, rockslides
and the instability of rock masses. Although these types of landslides are beyond the scope of the pres
ent report, they are closely related with respect to risks and warning systems. Besides the topography
and geological features, weather conditions (such as rainfall, air temperature, wind speed and air hu
midity) are important factors (Sandersen et al. 1996). Another area of increasing importance for off
shore projects is the problem of submarine slope stability, and the effect of wave action and seismic
effects, (Nadim et al. 1996). Many aspects of the hazard assessment and the application of warning
systems are similar to those oflandslides in soft clay.

2.1.3 Other Nordic Countries
As mentioned previously, Finland has similar geological conditions as Sweden, with soft clay deposits
in coastal areas and along lakes and rivers. However, clays are less sensitive and catastrophic land
slides have not occurred in the recent past. The Technical Research Centre of Finland, VTT, performs
investigations regarding stability and landslide problems on a regional and national basis. However,
research is mainly focused on the practical applications of geotechnology, such as for infrastructure
projects (road engineering). An International Conference on Practical Applications in Environmental
Geotechnology, eccogeo 2000 will be held in the year 2000.
In Denmark, the Danish Geotechnical Institute is responsible for landslide problems, which, however,
are not of major concern. Landslides and rock falls cause some material damage in most years in Ice
land. The loss of lives has been low, however. Landslides are potentially threatening many communi
ties in the country. The "Icelandic Institute Of Natural History" is responsible for the registration of
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landslides and rock falls. A general survey of the geology of the respective communities is being as
signed to the Institute. The Icelandic Meteorological Office is responsible for landslide hazard evalua
tion, and zoning and is a formal reviewer of defence measures.
2.1.4 Countries outside Nordic Region

Although the present study focuses on the Nordic region, several other references have been found,
which may be of direct benefit to the present project. Close co-operation exists between the Nordic
countries and North America. The geologic conditions in Canada are similar to those in several Nordic
countries, with deep deposits of soft marine clay. These soft sensitive clays are predominantly located
in eastern Canada and extensive research is being performed with respect to risk assessment and
warning systems. Canada also chairs the Technical Committee on Landslides within the International
Society for Soil Mechanics and Geotechnical Engineering.
Japan has serious landslide problems and a special organisation is responsible for research and control
of landslides (the Japan Society of Landslides). This society, which was founded in 1964 and is very
active, sponsors national and international conferences, publishes quarterly issues of a research journal
and arranges seminars or training courses etc. Several ministries (Construction, Agriculture and For
estry) support the society, as well as the Japan National Railways and several prefecture governments.
2.2 Risk assessment
2.2.1 General

Risk assessment is a complex problem and involves many different factors, which can be difficult to
quantify. It involves among others technological, economic, environmental, human and political as
pects. Risk can be defined as the probability that a specific source (risk source) leads to an undesirable
event over a given time period and within a defined geographic area. In technical terms, total risk is
generally known as the product of the probability of an undesirable event to occur and the conse
quence thereof. Hazard is the potential that a dangerous event can occur. From an engineering view
point it should be possible to determine the hazard with sufficient accuracy, although this may pose
considerable technical and/or practical problems (identification of, and methods for determining haz
ard). However, it is difficult in many cases to arrive at a commonly acceptable level for the conse
quences of such an event. The Swedish Geotechnical Institute was entrusted in 1997 by the Swedish
government to develop a new concept for risk assessment related to geotechnical engineering,
(Berggren, 1998). The project has a broad scope and will cover several aspects of geotechnical and
foundation engineering, including geo-environmental problems. However, an important objective is
risk related to landslide and stability problems. The first task to be completed is the assessment of the
risk of landslides along the Gota river valley. Thereafter, a more general concept of risk assessment
will be worked out.
Risk analysis requires a systematic identification of potential hazards, as well as of situations, which
can initiate a process, which leads to its manifestation. It is also necessary to assess the probability that
such a situation can occur, as well as the consequences thereof. In the case of landslide problems it is
preferable to distinguish between collective risk (for society) and individual risk (for a small group).
Collective risk can be based on statistic information, covering large regions and long time periods.
Individual (personal) risk concerns small geographic areas and short time periods, where subjective
considerations play an important role. The selection of an acceptable (or tolerable) risk level is gener
ally beyond the competence and responsibility of engineers. Usually, there is a vast difference of
opinion between experts and society with respect to risk and acceptable risk levels. Therefore, it is of
great importance that information, on which risk assessment is based, can be communicated to deci
sion makers and those affected by these decisions. A detailed discussion of risks associated with land
slides and avalanches is beyond the scope of the present study. Figure 3 shows a tentative scheme for
landslide and avalanche risk evaluation, which was developed by the Swedish Geotechnical Institute.
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Figure 3. Tentative Risk Chart developed at the Swedish Geotechnical Institute for evaluation of land
slide and avalanche problems, presented at the CALAR Workshop, Fallsvik (1998)

2.2.1 Landslide probability
Geotechnical engineers usually work with problems related to stability and bearing capacity problems.
The result of a stability analysis is usually expressed in terms of a factor of safety. In many cases this
factor of safety becomes the basis for landslide risk assessment. Design and analysis according to the
European codes is based on partial factors of safety, which require a realistic determination of material
properties and loads. The conventional approach, using an overall safety factor, takes the variation of
these parameters into account in an indirect manner.

2.2.1.1 Methods of stability analysis
The developments regarding the evaluation and analysis of the landslide risk in soft clays in Norway
during the period 1970 - 1984 were summarised by Karlsrud et al. (1984). The paper presents the en
gineering geology of Norwegian marine clays and discusses slide mechanisms and statistics. Key fac
tors for determination of the landslide hazard are discussed, such as the morphology of highly sensi
tive clay within and behind the slope, in situ pore pressures and (effective) stresses, shear strength
characteristics of the clay and erosion conditions at the toe of the slope. Small initial slides are best
predicted with a conventional limiting equilibrium effective stress (c '-$ ') approach. However, it is
pointed out that such an approach can not be used to predict the possibility for large monolithic and
retrogressive quick clay slides. For the lean and very strain-softening (collapsible) Norwegian quick
clays, the landslide risk can be reasonably well assessed with a semi-empirical total stress or "critical
stress" approach.
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Janbu (1996) presented a comprehensive survey of modern methods for slope stability evaluation in
engineering practice. Several case histories of quick clay slides in Norway were used to illustrate the
concept and to highlight its most important aspects. Janbu also addresses the accept criteria for safety.
He claims that with the introduction of probability it is possible to gain information about the
"theoretical risks" involved in specified values for a factor of safety, when variations and the distribu
tion of strength and stresses are known. Pore pressure conditions (in dry and wet periods) and the ef
fective shear strength parameters are the most important data required for a stability analysis in soft
clay.
The objective of every stability analysis must be to minimise all uncertainties of the analysis proce
dure, as the outcome can have important economic, environmental and social/human consequences.
Therefore, the Swedish Commission on Slope Stability has issued Rules for slope stability analysis in
order to assure the quality and relevance ofresults in Sweden, (Sallfors et al. 1996). The rules specify
the type and scope of laboratory and field investigations, including the calculations during different
phases of the investigation. Guidelines are given for the mathematical analysis and for the required
calculated factors of safety, based on the extent of the investigation and possible remaining uncertain
ties. Figure 4 illustrates the different steps of the stability investigation for natural slopes.
The guidelines are based on practical experience in Sweden and the results of research and develop
ment in the recent past. The main purpose of the guidelines is to ascertain that a minimum quality is
obtained, irrespective of who conducts the stability investigation. The guidelines are structured in such
a way that the investigation is carried out in steps with increasing degree of detail. Rules are also given
for how the assumptions shall be made, and how the results of each step shall be presented.
At the first level - geotechnical inspection and rough estimate - the geometrical conditions and avail
able geotechnical data are used together with empirical strength values, assumed to be "on the safe
side". Analyses are made and, due to the usually high uncertainty, relatively high factors of safety are
required for classifying the slope as stable. The second level uses a more detailed investigation ap
proach, using traditional site investigation methods. Emphasis is based on pore pressure measurements
as well as on estimates of the ground water regime in the area. Somewhat lower factors of safety are
acceptable for this type of analysis. The third level constitutes an in-depth investigation, which is un
dertaken only if the previous analyses have resulted in unacceptably low factors of safety. In the
analysis, more advanced considerations, such as anisotropy, scatter in data, natural variations etc. are
accounted for. Table 1 summarises the required calculated factor of safety for the three levels of sta
bility analysis.
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Large
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Supplementary
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Large
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No measures
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(if necessary)

Restrictions
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Figure 4. Steps and flow chart of stability investigations (Sallfors et al. 1996)

Table 1. Required level of safety according to the Rules for slope stability analysis of the Swedish
Commission on Slope Stability for different types ofland use (Sallfors et al. 1996)
Levels of investigation

Use ofland
New development

Existing
tures

1.
Geotechnical
inspection
and
rough estimate
2. Detailed investigation and advanced analysis

Detailed investigation required

3. In-depth investigation and advanced analyses

struc-

Other land use

Undeveloped
land

Fe> 2 +
Fc4,> 1,5

Fe>2+
Fc4,> 1,5

Fe Fe$ and F$
> 1,5

Fe> 1,7-1,4+
Feomb> 1,45-1,35
F4 > 1,35 (sand)

Fe> 1,7-1,5 +
Feomb> 1,45-1,35
F$ > 1,3 (sand)

Fe> 1,6-1,5 +
Fcomb> 1,45-1,35
F$> 1,3 (sand)

Fe> 1,5-1,4+
Feomb> 1,35-1,3
F$>1,3(sand)

Fe> 1,4-1,3 +
Feomb > 1,3-1,2
Fe > 1,3 (sand)
combined
with
restrictions

Fe > 1,3-1,2 +
Feomb> l,2-1,15b
>
1,25-1,15
F4
(sand)
combined
with restrictions

Fe Feomb and
F$> 1
(if surrounding land
unaffected)
Fe Feomb and
F4 > 1
(if surrounding land
unaffected)

a)

for each section of the slip surface the drained shear strength is compared to the undrained shear
strength and the lowest strength is used in the calculation
b) refer to existing structures
a)
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Landslide hazard mapping
Mapping of quick clay landslide hazards in Norway is based on topographical criteria and interpreta
tion of field soundings (Gregersen and Loken 1983). A distinction is made between natural sloping
terrain and "ravines", which have been created by erosion in originally horizontal terrain. It was found
that a "safe" height of a ravine is about 10 m. Naturally sloping terrain has to be steeper than 1 (verti
cal) : 15 (horizontal) for a quick clay slide to take place. These values were confirmed by theoretical
analyses. For practical reasons, the size of an area to be investigated is limited to 10 000 m 2 .
Following the topographical investigation, the next stage is to find out whether or not sensitive clay is
present. This is done by simple field investigations (penetration tests), using inexpensive "rotary pres
sure sounding", a field investigation method frequently used in Norway for preliminary investigations.
Occasionally, also field vane tests or undisturbed sampling is carried out. One penetration test is usu
ally performed in an area of 100 000 m 2 . When investigating ravine terrain the soundings are placed a
distance equal to 1,5 x H (ravine height) inside the top of the ravine. The soundings are terminated at a
depth of 1,5 x H. The method assures that areas of potentially large quick clay landslides can be identi
fied. However, smaller zones and thin layers can escape the investigation. For natural slopes the
soundings are placed in the middle of the slope and are terminated at a depth equivalent to the slope
height. If quick clay is found, this slope is classified a potential hazard area. Supplementary investiga
tions are carried out when the sounding is difficult to interpret, or when the ground conditions are
likely to vary considerably within the area.
The results are presented on hazard maps in the scale of 1:20 000 with 5 m elevation curves (figure 5).
Areas with potential risk of quick clay sliding are zoned on the map. Areas, where quick clay has been
detected, are marked with full lines; areas where soundings have not been carried out or where the
investigation results are difficult to interpret are marked with dotted lines on the map. Mapping of risk
areas in Norway was started in three regions with quick clay deposits and is being extended progres
sively.
A recent paper by Trak and Lacasse (1996) addresses flow slides in quick clay and makes an attempt
to estimate the extent of retrogression. They note that major flow slides often start with a small, gener
ally rotational, slide and then retrogress a considerable distance. In the paper, an analytical solution is
proposed for estimating the retrogression distance of a quick clay slide. The retrogression distance is
related to the depth of the initial slide, the overburden pressure, the liquidity index and the undrained
shear strength. Simple charts are presented for estimating the extent of the retrogression area. Emdal et
al. (1996) present an interesting paper, describing a flow slide in quick clay and its possible triggering
mechanism. Another paper by Rygg and Oset (1996) discusses a landslide, which was triggered by
road construction activities. The slide extended far beyond the initial zone of sliding. Of interest is the
discussion of different causes of the slide, such as blasting and other construction activities. Dynamic
effects such as blasting or earthquakes can trigger landslides in areas with unstable soil deposits. The
seismic stability of submarine clay slopes in western Norway was analysed by Nadim, et al. (1996).
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Figure 5. Map ofVerdalen showing potential quick clay hazard zones (Gregersen and L0ken, 1983)

In Sweden, hazard mapping is carried out in areas, which are judged to be potentially susceptible to
landslides. The investigation is carried out in stages as outlined in the above section, cf. Figure 4.
It should be noted that the objective of the above outlined mapping methods is mainly to evaluate the
immediate zone of potentially unstable soil deposits. However, little information is available concern
ing the assessment of areas above and below the level of a critical failure area.

2.3 Warning systems
2.3.1 General considerations
Warning and monitoring systems are potentially important tools for landslide hazard control. How
ever, they are still used mainly in connection with research projects or on particularly sensitive proj
ects. Because of the inherent uncertainties associated with geotechnical hazard assessment, it would be
beneficial to incorporate warning and monitoring systems in the general strategy of landslide control.
In the present report, the following distinction is made:
Monitoring systems are intended to determine and display variations of geotechnical as well as other
relevant parameters in slopes, which are of influence for the stability situation e.g. pore water pressure,
earth pressure, creep etc. Monitoring systems measure geotechnical parameters and/or their variation
with time.
Warning systems are mainly used to provide information about imminent danger oflandslides, or that
landslides have already occurred. The primary purpose of warning systems is to alert when measured
properties exceed pre-determined critical values. However, it may be difficult to establish a direct
relation between the measured value and the risk level.
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The increasing use of warning and monitoring systems for landslide control has several reasons. Elec
tronic measuring and sensing devices have become more reliable and less susceptible to external influ
ences (weather, mechanical and electric influences etc.). An important development, which has made
monitoring and warning systems more useful for practical application, is the efficient handling (re
cording, transmission and acquisition) of large amounts of electronic data. Measured data can be
transmitted from remote areas regularly or when trigger values are reached or exceeded. The use of
modem computers and efficient evaluation software facilitates the fast interpretation of these data.
Field measurements can also be used as warning or triggering signals in cases critical threshold values
are exceeded. The increasing amount of field data is also beneficial for development of comprehensive
databases, on which landslide hazard assessments may be based in the future.
In spite of the availability of sensitive measuring devices and accurate data acquisition systems, the
weak link is the uncertainty whether the measured value is actually a relevant indicator of slope stabil
ity (e.g. whether the sensor is place at the correct level and the measured values is of relevance). An
other problem is the difficulty of incorporating the measured parameter in the stability analysis of a
particular slope (e. g. total vs. effective stress analysis). In many cases the time between a pre
determined threshold is reached, and the actual initiation of a landslide is not known and places a
heavy burden on the responsible authority or individual.

2.3.2 Guidelines for monitoring and warning systems
The Swedish Commission on Slope Stability has worked out guidelines for the use of monitoring and
warning systems for landslide problems, Report 2:94 (1994). Planning and implementation of moni
toring and warning systems can be divided into several steps:
•

Assessment of the purpose and identification of the problem (geologic and geotechnical informa
tion, loads and their variation with time).

•

Definition of threshold values of measured parameters.

•

Prediction of possible slope behaviour based on analysis, e. g. expected situation, best case, worst
case, variation of parameters).

•

Surveillance plan, including site plan and section drawings, location of sensors and measuring
points, determination of measuring range and calibration of sensors, overall measurement accu
racy and precision of installed system, documentation of sensors installation on site, site check of
sensors on regular basis, decision regarding reading, data acquisition interval, data transmission,
evaluation and interpretation, threshold values, assignment of responsibilities regarding warning
measures etc.

•

Action plan, giving instructions for response to signal threshold levels, response to different
threshold levels, responsibility and accountability, dissemination of information and warning,
identification of chain of action, remedial measures and stabilising etc.

Clearly, warning and monitoring systems need to be planned and implemented carefully. They require,
besides a thorough geotechnical assessment of the situation, also the consideration of many other fac
tors.
In the past, monitoring of landslide areas was mainly performed for research purposes. However, in
recent years, monitoring systems have been used increasingly in the Nordic countries to establish the
hazard of landslide areas or zones with slope stability problems. They can also be used to control the
effect and benefit of improvement and stabilisation measures. The most commonly used parameters
for the assessment of landslides are pore water pressures (absolute value as well as variation with
time) and slope deformation (creep). In some cases, also total earth pressure measurements are used,
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however, predominantly for research purposes. The following systems can be employed for monitor
mg purposes:
Surface deformations:
Deformation measurements: geodetic methods
Inclination sensors (tilt meters)
Deformation measurements at depth:
Inclinometer
Extensometers for absolute and relative measurement of deformations
Settlement and vertical displacement sensors
Pore water pressure measurements:
Open systems (mainly granular soils)
Closed systems (mainly fine-grained soils)
Earth pressure measurements:
Total lateral and vertical earth pressure
Landslide indicator:
Slide indicator (tilt measurement)
Rupture line indicator

Vibration sensors:
Vibration velocity by geophones
Ground acceleration
2.3.3 Use of meteorological information

Besides the direct measurement of parameters, warning systems can also use indirect information,
which can have significance for landslide problems. One of the most important source of information
is meteorological data, especially rainfall, snow and temperature variations.
The influence of meteorological factors on the initiation of debris flow and landslides was investigated
in Norway (Sandersen, 1995). Eighty weather situations causing debris flow and landslides were ana
lysed. Debris flows occurred during periods of intense water supply. The amount of water supply initi
ating debris flow varied. However, a strong correlation exists between unusual weather situations and
the occurrence of landslides. The analysed data indicate that the return period for landslide events is
about 50 years. Debris flow are not primarily governed by the total amount of rain falling throughout a
storm but rather by the distribution of rain falling during short periods of time (e.g. 2-6 hours).
The dominating factor influencing landslide hazards in Sweden is pore water pressure. This effect is
particularly important in deposits with silt and sand, where liquefaction can occur (Broms, 1983). The
analyses performed indicate that stability is affected by the gradient of the pore water pressure in the
clay (including seepage pressure) and the pore water pressure and the slope of the pervious sand and
silt layers. Thus, an intense rainfall in the beginning of a rain period may be less harmful than a less
intense rain after a long period of precipitation.
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3.AVALANCHES
3.1 Avalanche hazards and consequences
3.1.1 Sweden
In the past, avalanches and snow mass movements have not been considered to be a major problem in
Sweden. In regions with touristic activities, this aspect has become of increasing concern, however,
especially following several skiing-related accidents. The Swedish Organisation of Lift Operators,
SLAO, with more than 300 members, plays an important role in the information process to the public.
SLAO is also supported by several semi-governmental and private organisations. Emphasis is placed
on the information of the public and comprehensive instruction and information material has been
produced. SLAO produces regional ski guide maps as well as brochures and other types of information
material. Also television programmes and videos are available. The public is also informed about
avalanche hazards on a regional and local basis.
Research regarding avalanche problems is not performed in Sweden in a co-ordinated way. The Uni
versity of Lulea focuses on research related to cold regions soil mechanics (frost action, thawing), but
not on avalanche problems in particular. The Water Resource Engineering department works with
snow-hydrological problems, such as handling of snow and ice, inundation problems related to snow
melting etc. (Bengtsson, 1982).

3.1.2 Norway
Avalanche problems are of major concern in Norway both to the public (awareness) and the govern
ment (risk assessment). One of the worst avalanche disasters occurred during a NATO winter exercise
in 1986 where 16 soldiers were killed by an avalanche near Narvik. During the winter of 1992/93,
western parts of Norway experienced severe winter weather and a large number of avalanches were
released. These blocked roads, power lines and populated areas were exposed to avalanche damage.
Also the winter of 1996/97 caused severe avalanche risk situations and several catastrophic avalanches
affected populated areas. In the community of Troms0, two persons were killed and about 200 people
had to be evacuated. On a statistical basis, severe winters have a return period of 11 - 13 years and in
such winters between 10 and 15 people are killed.
Already in 1972, Norway's parliament adopted a resolution to organise snow avalanche research on a
national basis. The purpose is to build up competence that enables Norway to meet the challenges
raised by snow and avalanches hazards. Research related to avalanches and protection measures was
placed at the Norwegian Geotechnical Institute. In 1973, NGI built a research station in Stryn, about
1000 m above sea level. The research is supported by several ministries (Trade and Industry, Envi
ronment), the Research Council of Norway, the National Fund for Natural Disaster Prevention and
several other organisations (Public Road Administration, Meteoroligical Institute) and municipalities.
A major research project (Ryggfonn project) concerning avalanche motion was carried out during the
period 1982 to 1993 and generated several important results concerning avalanche motion, forces and
effects on protection structures (Larsen & Norem, 1996). Larsen (1996) presented an example of the
application of avalanche zoning. Besides the Norwegian Geotechnical Institute, avalanche research is
also carried out at the University of Trondheim, where efforts are focused on studies of release
mechanisms in different materials (snow, rock, soil, water).
Norway participates in several international research projects. Through the EU-research programme
for Environment and Climate, NGI has taken part in 5 research projects within the field of slides and
avalanches. Through these projects a close and extensive co-operation between scientists and institu
tions has been established with other European countries and outside Europe. Bilateral co-operation
over a long period has existed with Austria, Canada, France, Iceland, Italy, Japan, Russia, Spain, Swit
zerland and the USA.
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3.1.3 Iceland
Avalanches are very common in Iceland. In some parts of the country they are a major hazard to lives
and property, Bjomsson, 1980. The avalanches occur very irregularly and many years can pass with
out a crisis situation, leading in many cases to an underestimation of the avalanche danger in many
communities. This changed in 1995 when two devastating avalanches hit two fishing villages in the
Northwest part of the country. The first avalanche hit Sudavik in January and the second Flateyri in
October. A total of 34 people were killed.
These events lead to a complete reappraisal of avalanche problems. New laws were passed by the
"Althing", transferring the responsibility of warning, evacuation procedures, hazard assessment and
zoning and defence evaluation and research to the Icelandic Meteorological Office (IMO). A concise
overview of the activity of the IMO during the last 4 years is given in a monograph by Magnusson,
1998.
3.1.4 Other Nordic Countries
Avalanche problems do not exist in Denmark and are of minor significance in Finland.
3.1.5 Countries outside Nordic Region
In Canada, several organisations carry out advanced avalanche research, e. g. the Applied Snow and
Avalanche Research Institute at the University of Calgary.
Japan has several mountainous regions where avalanches pose a major threat to society. During the
period 1992 1997, 143 avalanche disasters have been reported and these caused fifty casualties. A
Japanese-Norwegian joint project has been carried out, which includes field studies in Norway and
Japan. In Japan, the National Research Institute for Earth Science and Disaster Prevention as well as
several other research institutes, e.g. the Nagaoka Institute of Snow and Ice Studies, are working with
avalanche problems.
3.2 Risk assessment
3.2.1 General
General aspects of risk assessment have already been discussed in section 2.2 of the present report.
Avalanche risk is the product of the probability for an avalanche to occur, (the size of the avalanche)
and the consequences (Bakkeh0i, 1987). For a road with a specific amount of traffic it might be ac
ceptable to have a probability of 20 % for an avalanche passing the road under the prevailing condi
tions. If the probability level is higher, the road must be closed or the avalanche can be artificially
released. A simple method to forecast the avalanche probability is therefore of great benefit. Forecast
ers have used information from avalanche paths nearby ("index path"), which are based on records
over a long time period (several winters) to predict avalanche risk.
Avalanche risk assessment is in several aspects fundamentally different to that of landslides. In ava
lanche risk assessment, the failure (and release) mechanism is often difficult or impossible to deter
mine as the release area is often at a remote location and may not be accessed for safety reasons. Snow
is a freshly deposited material with gradually changing properties. The composition and layering of
the material can change as a result of climatic variations (temperature, humidity, wind drift etc.). An
important feature of avalanche risk is the variation of avalanche release hazard during short time peri
ods. Sudden changes in temperature or humidity can alter the snow stability situation and thus the
hazard associated with avalanches. Access to avalanche-prone areas can be restricted during critical
periods.
The majority of avalanches occurs in less densely populated areas, compared to landslides. Avalanche
risk can be controlled in a different manner than landslides, such as the intentional triggering (and
release) of avalanches. The consequences oflandslides can also be evaluated more easily.
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While geotechnical engineers focus their efforts on the sliding area and attempt to predict the location
of the actual failure zones, avalanche researchers are more concerned about the flow of the snow mate
rial once the avalanche has been released. This aspect is of great significance when dealing with ava
lanche risk assessment, compared to geotechnical risks.
3.2.2 Avalanche hazards

Avalanches are generally released as a solid mass, and during the flow the released material disinte
grates partly or totally into smaller particles, finally ending up again as a solid material, when the
avalanche stops in the run-out zone. The assessment of avalanche hazard must thus address two fun
damentally different problems:
•

At rest situation: the stability/instability of the snow and release mechanism,

•

Flow situation: dynamic effects and run-out distance of avalanches.

The "at rest situation" is similar to landslide stability problems. Lackinger (1979) presented an as
sessment of failure mechanisms in snow, based on geotechnical concepts. However, in many cases the
situation is more complex and a variety of different factors can influence the stability. Avalanches can
be triggered by different external forces (snow fall and wind action, rock fall, tourists, wind) or by the
change of material properties (due to variations of temperature and/or humidity). Salm (1982) de
scribes the mechanical properties of snow in his classic paper. Also the mechanical and thermal prop
erties of the snow-mountain interface (especially during the period of snow deposition) is of impor
tance. Another factor, which limits the application of analytical methods is the difficulty obtaining
undisturbed snow samples or of testing the material in a controlled manner in situ.
The "flow situation" is widely covered in the literature and a classic reference consists of the papers
by Voellmy (1955). Since then, the understanding about the behaviour and dynamics of snow has
greatly improved. Within the framework of the EC-program Human Capital and Mobility, the shear
stress and boundary layers in snow avalanches were investigated (Norem, 1995). Full-scale experi
ments on snow avalanches were studied. Traditionally, the avalanche flow is divided into three groups:
•

Dense flow avalanches

•

Powder avalanches and

•

Mixed flow avalanches (two-phase flows).

Experience has shown that mixed flow avalanches represent the major part and the other two types are
the exception. It is also noted that other natural mass movements of mixed flow type are rockslides
and submarine slides. A three-phase diagram is used to classify the dynamic behaviour into a solid, a
liquid and a vapour phase. A fully developed avalanche can be divided into four layers:
Dense flow layer, where particles are in close contact and the volumetric density is high.
Saltation layer, which is the transition layer between the dense flow layer and the suspension layer.
Suspension layer, which represents the snow cloud and transports the particles in suspension. Sus
pended particles are assumed to behave similar to the vapour phase and both density and velocity are
reduced linearly with height in the suspension layer.
Re-circulation layer represents the back-flow of air above and around the avalanche. The height of this
layer is one to three times the suspension layer.
The impact of an avalanche develops a high pressure only during a very short time and occurs within 5
to 10 seconds after the first impact.
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3.2.3 Slushflow
Slushflow is defined as the mass movement of a mixture of snow and water. It is a phenomenon,
which occurs world-wide and constitutes a major natural hazard in Norway. According to historical
documentation, slushflows and snow avalanches are almost equally responsible for damage and eco
nomic losses. Districts exposed to high cyclonic activity during the winter are most liable to slushflow
hazard. Slushflows released during intense thaw in spring primarily affect uninhabited areas, Hestnes
(1997).
A slushflow is released when the gravity component of the water-saturated snow parallel to the slope
exceeds basal friction and the tensile strength of the snow-pack. Whether the snowpack will reach a
critical stability during rain and snowmelt depends on a complex interaction between geomorphic
factors, snowpack properties and the rate and duration of water supply. Drainage areas, shallow de
pressions, snow-embanked water-saturated snowfields, bogs and lakes are all potential starting zones.
New snow and coarse-grained snow are most liable to start flowing and tend to spread out downwards.
Rapid rise of water level in a snowpack is critical to a slushflow release. Hazard prediction and warn
ing are based on field observations, meteorological records and forecasts, and on on-line access to
quantified prognosis and weather charts. Prognostic values of water supply may be estimated.

3.2.4 Snow avalanche hazard zoning
Increased human activity in mountainous regions, deforestation caused by pollution, intense forestry
and the development of ski resorts, as well as anticipated warming of the earth's atmosphere have
increased avalanche risks. This has generated a growing interest in the study of catastrophic ava
lanches. However, no universal model has so far been developed for the prediction of avalanche dy
namics. Avalanche forecasting is mainly needed by road authorities, in skiing areas and at construction
sites in mountainous terrain. Also military personnel can be exposed to avalanche risks. Permanent
buildings and houses are generally not accepted in avalanche-prone areas.
Different methods for avalanche forecasting have been developed taking into account various snow
and weather parameters. The most important parameters affecting avalanche hazard appear to be pre
cipitation, wind and temperature. The first attempt to formulate a general theory of avalanche motion
was made by Veollmy (1955) and his theory is still widely used.

Sweden
Snow avalanche zoning in Sweden is still in a developing phase. Government regulations do not exist.
However, the methods used in Norway with respect to hazard zoning are being applied on a local
(municipal) level.

Norway
The Norwegian Geotechnical Institute has conducted hazard zoning of areas exposed to rock falls and
snow avalanches since 1979 (Harbitz and Lied, 1996). Standard topographic maps are used in scale 1:
50 000, with contour intervals of 20 m, and maps in scale 1:5000, with contoure intervals of 5m. For
the purpose of hazard zoning, a digital terrain model (TERMOS) was developed by NGI and this
model has been in use since 1986. An empirical procedure for dense snow avalanches is used to assess
the run-out of avalanches. An avalanche path profile is compared with registered path profiles of pre
vious avalanche events. The run-out distance in the actual path is finally calculated as the average of
the run-out distance in a given number of registered avalanche paths, which based on a certain criteria
are found to be most similar to the actual case.
The main advantage with this approach is that extensive areas may be surveyed for avalanche hazards
in a short time. The avalanche run-out model used is based on topographical parameters identified by
computer programmes, using the information given in the map. The hazard zoning is combined with a
commercial GIS system for storage of avalanche data in a relation database, and for the graphical
presentation of hazard zones.
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The Norwegian Geotechnical Institute is also responsible for producing avalanche hazard maps (1 :
5000) for the Norwegian Military Geographic Service. As a first step, survey maps are produced re
gardless of the frequency of avalanche occurrence. The hazard zone is divided into a starting zone and
a run-out zone. The starting zone includes all areas on the map, which are steeper than 30 degrees (but
not steeper than 60 70 degrees) and which are not covered by dense forest. Using the terrain profile,
the run-out zones in each avalanche path are identified. Based on the terrain profile, the run-out dis
tance is calculated by computer programmes, based on the topographical/statistical model.
Detailed avalanche zoning maps are usually prepared at scale of 1:5 000 to 1: 1000. In this zoning
process each avalanche path is examined in detail; rupture area, track and run-out zone are evaluated
carefully, first of all to identify the magnitude, frequency and run-out distance. Three different sources
of information are used to complete a detailed hazard map:
e

Records of historic avalanches

e

Geomorphic information

e

Analysis of the avalanche path

e

Computational models for run-out calculation.

Computation of the run-out distance is also based on the "hydraulic model" proposed by Voellmy
(1955), which is widely used in the Alpine countries. In this model the avalanche is treated as an
"endless" fluid, and the run-out distance is computed based on a reference point in the avalanche path
form where the de-acceleration started. Others have further developed this model, e.g. in Switzerland
(VSG model). A detailed review of different run-out models and discussion of their limitations is
given by Lied et al. (1997).
None of the models used today is accurate enough for a detailed prediction of snow avalanche run-out
in the process of compilation of detailed hazard maps. When avalanche run-out is computed, the user
needs empirical information of friction and flow height, which must be entered into the calculation of
the run-out distance. Without empirical input, all dynamic models are difficult to use. According to
Harbitz and Lied (1996), the run-out distance can be estimated with an accuracy of± 100 m. Subjec
tive judgement and experience are therefore still needed when different run-out models are used. Fig
ure 6 shows an example of a snow avalanche map in scale 1:50 000. Contour intervals are at 20m.
Figure 7 provides information about snow avalanches, which is reproduced on the snow avalanche
map.
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Figure 6. Part of snow avalanche map, Gratangen, Norway, for explanation cf. figure 7

Iceland
An overview of hazard zoning in Iceland was presented at the 1998 !SSW-meeting in Sun River
(Magnusson, 1998). The following paragraphs are taken directly from this presentation.

"As became very evident in the avalanches of 1994-1995, the old hazard zoning greatly under
estimated the avalanche danger. The old hazard maps were predominately based on the known ava
lanche history. They could be based on historical records ranging anywhere from five to one hundred
years. Since vegetation is very sparse, we have not been able to use the "silent witness" to determine
the extent of past avalanches. We are now investigating the possibilities of using metamorphological
data to determine maximum runout of individual avalanche paths.
Risk: A methodology has been developed to estimate a "standard" size of avalanches so as to be able
to compare individual avalanche paths. An investigation into "acceptable risk" was done to try to de
termine what the general risk is to the inhabitants of Iceland. The aim is to decide upon a criteria for
acceptable risk. The result of this is a proposed governmental regulation that hopefully will be imple
mented soon. The main points are described below. We want the risk that people in the threatened
villages are exposed to due to avalanche danger to be less than the risk due to other accidents, such as
traffic accidents, that people are exposed to in the whole of Iceland. Such other risks in Iceland are in
many cases, estimated to be of the order of 10-4 and thus it is proposed that the involuntary risk due to
avalanches should be 0.3 x 10-4 and is referenced to a person living in a "normal" house and is defined
to be "at home" 100% of the time.
Different zones: The formal "hazard" line will be drawn where the calculated risk is 0.3 x 10~4 and
the area above it divided into RED, BLUE and YELLOW zones defined as follows:
Table 1. Limits of acceptable risk of the respective hazard zones
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ZONE

Calculated risk x 10·4

YELLOW

Lower Limit
0.3

Upper Limit
1.0

BLUE

1.0

3.0

RED

3.0

Zoning projects: Initially, a pilot hazard zoning project was implemented for a village on the East
coast of Iceland. Experts from Norway and Austria took part in this project along with staff from the
IMO, and the outcome will lay the foundation for the proposed governmental regulation. Already, a
plan prioritising the villages that need hazard zoning, has been drawn up. This is a long process and
thus a simplified procedure has been adapted that enables us to tackle individual requests, such as
when someone wants to build a new building or change or modify an existing one. Before the planning
authorities can give permission for work to commence, the IMO must evaluate the risk and give its
recommendation as to what, if any, restrictions or requirements must be fulfilled before a building
permit can be granted. This could be for example, reinforcement of the proposed building or restric
tions on its use.
Rural areas: We still have to define guidelines for the evaluation of the hazard that numerous farms
and cottages are exposed to. There is a very strong need for such guidelines but unfortunately we have
to prioritise and the villages with the greatest risk have to dealt with first. Thus it will be several years
before we can tackle this problem. In the meantime the people living in these places will have to do
what they have done in the past, hope that nothing happens, although that is becoming increasingly
more difficult with the recent disasters and the resulting publicity.
The uses of the individual zones are prescribed in a proposed governmental regulation as is the re
quired reinforcement of buildings according to their location.
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Mos/ snow avalanches rup!ure during bad weather. i.e. penods oi t1eavy sn·owla!/ accompanied by
srrong winds. A pronounced nse m temperature may also lead to the occurrence of a snow avalanche.
Snow avafaf)c.he hazard increase:. 'lltlh:
- Heavy snowfall
cm or more per day).
Winds resulting
dnfling snow
A rapid mcrease in snow temperature. caused by sunftg/Jt raaiallon, rain or warm air

"' The danger is usually greatest when snow-fall is tJccompamed by wind.
" Although the surf<1ce of the snow appears to be hard and firm, a loose
down in !he snowcover. which can lead to avalanche rup1ures.

may occur farther

Such loose snow layers are often iormed as a result of extensive cold spells with little snow.

0

Sudden booming 11oises tn t/Je snow are an indic21ion of avalanche hazard.
Exercise extreme caution it you observe other avalanches in the terrain.
,; tv1ountam sides and slopes lying on a lee side of lhe wind accumulate larger amounts of snow.
Potenl!al avalanche hazard is greatest m tnese areas. Avoid areas which appear to /Jave more
snow than other areas on a maut7tafn side.
" Choose route rn tile vicinity ot pr01rudmg rock, bouiders, etc. Dense forest vegetation may also
impede ava!anc/Je release.

This map mdicates areas wllere snow avalanche may occur.
Tile maps are produced for the Norvvegian
other purposes without reservation.

Geographic Service and should nor be used for

This map is divided into the to/lowing zones:

Zone 1

Avalanche starting zones.
Terrain s1eep enough (or ava1~1nche reieasu.

Zone 2

A valache run-out zones
Terrain lying below starting zones. w/11c/J may exposed to avalanche.

Limitations of tl7e map:
The map only indicates rupture zones wfucfJ may be inden/i(ied on /he basis o( cor1tour /.•nes
Therefore avaiaches may occur on smaller slopes which do nol appear on the map
Zonf, 1.· Some steep areas may have been excluded because dense forest vegetation mmim1zes
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Classification of avalanche hazard on exercises where avalanche team is es/abiished:
NO AVALANCHE HAZARD.
Avalanche hazard 1·
LOW AVALANCHE I-IAZAAD
Snow cover is mamly stable. Low probabili!y of avalanche release.
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VER/' H/G/,' AVALANCHE HAZARD
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Prepared by rhe Norwegian Geotechnica/ Institute Published by Nor.veg1an Military Geograp,'11c Service

Figure 7. Instructions contained on back of snow avalanche map with avalanche starting and run-out
zones in Norway
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3.2.5 Avalanche legislation
Norway
The Building and Planning Act in Norway has been under development since 1924 and the act was put
into force for the whole country in 1966. The last revision was made in 1997. The building act is used
when a detailed hazard plan is made with corresponding detailed maps. By 1997, approximately 110
maps have been produced (Lied et al., 1997). Still 100 maps are to be prepared, requiring about 15
more years. So far, avalanche maps have no legal liability, but are used as an aid in land use planning
in communities.

The building councils of the communities follow the rules stated in the act, and the Norwegian Geo
technical Institute on a consulting basis offers the advice concerning hazard zones and protective
measures. In cases where housing is older than from 1966, the National Fund for Natural Disaster
Assistance can give economic support to rebuild with protective measures or to move the house else
where.
In 1980 a new act came into operation in Norway, which states that all objects with fire insurance are
also obliged to take out Natural Hazard Insurance. Damages caused by avalanche will normally be
compensated in full unless the client has shown gross negligence. However, insurance companies will
neither initiate hazard investigations nor finance safety measures. They may, on the other hand in
crease insurance premium or refuse building.
The estimation of natural hazards is connected to the Norwegian Planning and Building Law. Ac
cording to the Technical regulations in the law, three classes of avalanche and landslide frequencies
are usually taken into account, cf. Table 2. In addition, the Building regulation states that rebuilding
after fires or other types of repair may be done for class two, when the nominal yearly frequency is
less than 3 x 10·3 , i.e. a return period of 333 years. By using the expression "nominal", as opposed to
"real", one admits that exact calculations of avalanche run-out distance for the given frequency is not
possible, and use of subjective judgement is therefore necessary.

Table 2. Nominal avalanche frequency and avalanche return period (Lied et al., 1997)
Security Class

Max. nominal avalanche frequency per
vear

1

10-2

2

10·3

3

< 10·3

Avalanche re- Type of construction
tum
period
(years)
Garages, smaller storage
rooms of one floor, boat
100
houses
Dwelling houses up to
1 000
two floors, operational
buildings in agriculture
< 1 000
Hospitals, schools, public
halls etc.

Iceland
Conditions concerning natural hazard legislation are under development, and a draft of natural hazard
regulations is being reviewed. The regulations will be based on the concept of acceptable risk. The
acceptable risk level has been discussed extensively in Iceland, and the risk value that is considered
acceptable will define the limits of the hazard zones. At present, the Icelandic Meteorological Office,
which is responsible for avalanche hazard zoning is using the value 0,3 x 10·3 per year as the accept
able limit for hazard zoning in permanently occupied houses.
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3.3 Warning systems

Little information has been found in the regional literature with respect to the use of avalanche warn
ing systems. The matter was also discussed with Norwegian experts, which confirmed that warning
systems are not used for normal avalanche problems.
However, meteorological information is considered essential for the prediction, monitoring and warn
ing of avalanche risks.
4. CONCLUSIONS

The present report is based on discussions with leading experts in the field of landslides and avalanche
research and practical application of research results. Landslide problems are of great importance es
pecially Norway and Sweden. Several national, European and international research projects have
been performed and/or are currently being implemented. Extensive research co-operation exists in the
area of geotechnical engineering between the Nordic countries. National geotechnical institutes are
primarily responsible for the co-ordination and implementation of research activities, as well as
knowledge transfer to practice.
Avalanche problems are of greatest importance in Norway and Iceland. At the Norwegian Geotechni
cal Institute, a unique co-operation between geotechnical researchers and avalanche experts has been
built up and applied in practice. This has resulted in the creation of an avalanche research station.
Many important research projects have been carried out, which have resulted in numerous publica
tions. Thus it is not surprising that Norwegian avalanche research dominates in the Nordic countries
and that the results are applied in most other countries.
In geotechnical research, much effort has been spent during the past two decades on the development
of advanced analytical modelling, new soil investigation methods (field and laboratory). However,
warning systems are not used extensively in practice. Also, limited exchange of experience has taken
place between geotechnical experts and avalanche researchers. An important observation is, that geo
technical engineers are focusing their efforts on the stability situation in the direct vicinity of the criti
cal landslide area (failure zone). Little research has been concerned in the past with the effects of the
landslides beyond the initial slide zone (run-out effect). Only recently, flow slides have been investi
gated in greater detail in connection with earthquakes (liquefaction problems) and submarine slides, as
well as water wave effects initiated by landslides. Stabilising measures are implemented primarily in
the sliding zone in order to increase the stability of the critical zone. Protection measures, such as bar
riers to divert the mass movement are not used.
The investigation methods used in avalanche research and practice are comparatively simple and un
sophisticated. Analytical models dealing with the initial state of stability of the snow mass prior to the
release of an avalanche are not applied in practice. On the other hand, avalanche researchers place
more emphasis on the prediction of consequences of snow mass movements, once they have been
initiated (flow mechanism and dynamic effects on structures). Rather sophisticated analytical methods
deal with the prediction of the run-out zone and the dynamic effects on structures. Various investiga
tions have been performed to study the effect of protective measures such as barriers and diverting
structures to minimise the consequences of avalanches. Another important distinction between geo
technical engineers and avalanche experts is the attitude concerning the prediction of catastrophic
events.
Geotechnical engineers appear to place emphasis on the determination of geotechnical and other rele
vant parameters (slope geometry, erosion, effect of static and dynamic forces) in order to predict the
risk of landslides. On the other hand, avalanche experts frequently use statistic information to assess
the risk level, or apply past experience for prediction of future events. Climatic and environmental
effects are considered to be important factors for the estimation of the risk of landslide and their ef
fects.
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5. POSSIBLE AREAS OF INTERACTION
•

The following possible connections between landslide and avalanche research and implementation
of research results in practice could be envisaged:

•

Comparison and evaluation of analytical methods for assessment of failure mechanism in soil/rock
and snow materials (initiation of uncontrolled mass movements)

•

Overview of geotechnical field and laboratory tools which could be used for snow investigations

•

Evaluation of run-out prediction methods used for avalanche and their potential application to
landslide problems

•

Comparison of zoning methods for landslide and avalanche problems (analytical, empirical, sta
tistical etc.)

•

Field monitoring systems and their application to practical problems (pre-sliding and sliding
mechanism)

•

Use of protecting measures in landslide and avalanche problems

•

Overview of other types of mass movement (rock fall and rock slides, "Muhren", lateral spreading
due to dynamic effects etc.)

•

Interaction with other related disciplines (meteorology, earthquake engineering, off-shore engineering, rock mechanics, hydrogeology, Wildbachverbauung etc.)

•

Classification ofrelevant literature and ofresearch projects from related areas

•

Development ofjoint research strategies, on which future research projects can be based

•

Exchange of industrial experience ( equipment manufacturers, software/programme developers
etc.)

•

Exchange of ideas and concepts between organisations dealing with risk assessment
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CENTRAL REGION
REGIONAL REPORT, LANDSLIDES

Richard Niederbrucker

Osterreichisches Forschungs-und Priifzentrum Arsenal Ges.m.b.H
Construction Division Geotechnical Engineering
P.O Box 8, AT-1031 Vienna, Austria

1. INTRODUCTION
1.1 Introduction
In this regional report the State of Practice in handling the hazard and risk of landslides is summarised
with respect to mapping, hazard assessment etc. for Austria and partly Germany. The report is based
upon available literature, notes of discussions and meetings with specialists.

1.2 Definitions
Down slope movements of rock, soil or debris masses due to gravity forces are popular called land
slides, c.f. Skempton and Hutchinson, (1969), Veder (1979). Brunsden (1984) preferred the term mass
movement and distinguished it from mass transport as being a process, which did not require a trans
porting medium such as water, air or ice.
Mass movements are initiated by many different causes; water is, however, the predominant factor.
Due to the geological and topographical conditions mass movements show many different forms and
failure mechanisms and several classifications are found in literature, c.f. Flageollet (1989),
Hutchinson (1988), Veder (1979). Most definitions give a guide to the processes as well as the type of
material involved in the displacement (e.g. Varnes 1978). Hutchinson (1988), who has prepared the
most comprehensive scheme, classified slope movements into eight categories containing several sub
divisions. These are based on morphology, mechanism, and type of material and rate of movement.
A multilingual classification and a terminology for describing landslides was suggested by the Inter
national Geotechnical Societies'UNESCO Working Party on World Landslide Inventory
(WP/WLI)(UNESCO, 1993).
For European conditions a suitable classification was developed by the EPOCH (1991-93) project.
Following forms of mass movements are classified: fall, topple, slide (rotational), slide (translational),
lateral spreading, flow and complex.
A fall is usually described as a free fall movement of material from a steep slope. Is the movement a
pivoting action combined with a failure in the base then it is classified as toppling.
Slide can be described as a slow up to fast slipping of loose soil masses on one or more preformed,
predetermined or self made slip surface.
With respect to the form of the slip surface it is distinguished between a rotational slide and a plain
slide. At a rotational slide the movement occurs along a curved slip surface, mostly self made, while at
a plain slide the movement is concentrated on a plain surface, often on preformed or predetermined
slip lines. A special form of slides are the so called Rock slides which are a movement of rock occur
ring on a planar or gently undulating surface (Varnes, 1978). It is typical for mountain slopes where
the slope angel is close to or parallel to, the dip of the rock.
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Lateral spreading is characterised by the low angled slopes involved and the unusual form and rates of
movement.
Flows normally behave as a fluidised mass in which water or air is significantly involved.
Flows can be divided in Earth, Debris and Rock flows. Debris and soil are distinguished by the parti
cle size of the material involved in the movement. Debris is material coarser than 2 mm and describes
an assortment of material including clasts incorporated into a matrix. The material finer than 2 mm is
defined as soil.
Earth flows occur when weak cohesive, fine grained loose soils changes by high water access from a
plastic into a liquid state and flows downhill.
Rock flows (Talzuschub, BergzerreiJ3ung) are creeping flow type, deep seated gravitational deforma
tions affecting densely jointed or stratified hard rock masses (Zischinsky, 1966, Varnes, 1978). Struc
tural elements and landforms associated with rock flows are high angle shear planes in the upper part
of the deforming slopes, producing depressions.
Debris flows consists of a mixture of fine (, silt and clay) and coarse material (sand, gravel and boul
der) with a variable quantity of water, that forms a muddy slurry which moves downslope, usually in
surges induced by gravity and the sudden collapse of bank material (Corominas et al, 1996).
This form of mass movement is very frequent in the alpine region and has also a high destructive po
tential.
In the German language the term Mure or Murgang is commonly used for debris flows. After W. La
atsch and W. Grottenthaler (1972) a Mure or Murgang can be defined as a paste like ragging torrent of
debris which is triggered by heavy rain falls and/or sudden snow melts. The flow commonly follows
pre existing drainage ways. The solid weight proportion is about 40 - 70% with a density of more than
1,4 t/m3 (Stiny, 1910). The volumetric ratio between water and solid matter is estimated to approxi
mately 1: 1. Due to the high energy and the high density of the created suspension heavy blocks of
solid rock can be transported. The velocity of the so moved masses ranges from m/h tom/sec corre
sponding with high destructive consequences.
When the internal friction of the mixture exceeds a certain limit, due to water losses, the flow will
stop. Costa (1984) called this type of flow "hyperconcentrated flow" with densities of. 1,3 - 1,8 g/cm3,
although some other authors consider these flows as a more fluid variety of debris flows. According to
Hutchinson (1988), the transition from mass transport to mass movement takes place at a saturated
unit weight of about 18,6 19,6 kN/m3 •
In Austria and Switzerland Muren cause almost every year great damages mostly on streets and rail
roads.
Another form of debris flow is, according to W. Laatsch and W. Grottentaler (1972), the so-called
Schuttgang or Schuttstrom. These movements develop form rapid moving translational slides. The
transported material flows like a Mure, however not in pre existing drainage ways but on the whole
slope.
A classification of different flow types was given by Pierson and Costa (1987), see Fig. l.
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The complex failures are in general a combination of two or more of the described movements. In
reality nearly all-mass movements involve more than one type of movement either acting concurrently
in different parts of the failure or evolving downslope over time into a different process. A rock ava
lanche for example develops in two stages. First by fall or slide of a rock body which during move
ment turns into dry debris and further as a debris avalanche. Secondly by a sudden mobilisation of a
debris deposit by means of debris avalanche or by the fall of overhanging rock masses.
In Austria mass creep is also a frequently appearing form of mass movement. Mass creep may be de
fined as a long-term mass movement of residual soils or solid rock without a uniform and distinct slip
plane. Mostly by residual loose soils the creep movement turns after a strong saturation into sliding.
Nearly all debris deposits are moving slowly downhill. Very frequent is mass creep in flysch and cliff
zone. The rate of movement is very low, approximately cm per year.
By fine grained loose material a change in the movement from creeping to sliding and at last to flow
ing can be observed.

1.3 Short Description of the Geology of the Alpine Region
The Alpine Region stretches from Nice, France in the Southwest to Vienna, Austria in the east.
France, Switzerland, Italy, Germany and Austria lie partly in the Alpine Region. The Alps are subdi
vided in Southern Alps, Eastern Alps and Western Alps, whereas the Rhine marks the south-north
running border between Eastern and Western Alps. The Southern Alps is separated from the Eastern
and Western Alps through a major fault system.
The Geology of the Alps is subdivided in 4 main zones - an external zone, an internal zone, the East
ern Alpine Units and the Southern Alpine Units.
Within the external zone the foreland (molasse ), (ultra-) helveticum and tertiary basins (e.g. Vienna
Basin) are combined. The sedimentation area of the helveticum lies most northern to the other units of
the alpine region (in paleogeographically sense). In the Western Alps it consists of a triassic sedimen
tation with sandstones, dolomites and clayey schist's. In Jurassic time it is followed by schist's, sand
and limestones. East of Vorarlberg there is a different sedimentation with arkoses, clays/marls, (sandy)
limestone's, conglomerates and radiolarites. In cretaceous to tertiary the difference between west and
east is even greater. In Switzerland limestones and marls are sedimented, followed by limestone's,
sandstones and marls. Out of flyschoid sedimentation (helvetic flysch) molasse sedimentation sets in
(oligocene). On contrary, in the east limestone's are followed by the ,,Buntemergelserie" (marls) with
brecciae and conglomerates inserted.
The molasses represents a small geosyncline in the north of the folded alpine-carpathian region. Most
of the sediments are eroding products (sand, sandstone's, marls) of the rising alpine mountain system
The internal zone (Penninikum) is subdivided in Southern Penninikum, Middle Penninikum and
Northern Penninikum. The internal zone is observed all along the alpine region. Most of the penninic
rocks are metamorphic sediments, but the degree of metamorphosis is varying, whereas parts of the
penninic in Austria are strong transformed. It consists mainly of metamorphic sediments as schists,
quarzites, marbles, (para) gneiss's and weak metamorphic turbiditic sediments. As a special case is the
Rhenodanubic flyschzone (northern penninic) to be named with its clays, sandstone's, marls and
schists.
The Eastern Alpine Units consists - depending on the author - of 2 or 3 subunits. These are the Upper
Eastern Alpine Unit, (Middle Eastern Alpine Unit) and the Lower Eastern Alpine Unit. The Northern
Calcareous Alps (NCA) belong to the Upper Eastern Alpine Unit along with the Palaeozoic rocks of
the Grauwacken zone. The sediments of the NCA are sandstones, limestone's, dolomites, schists,
evaporites, brecciae and flyschoid sediments. The Grauwacke consist mainly of volcanic rocks and
carbonates. The Lower Eastern Alpine unit shows mainly quarzites, phyllites, schist's, marbles and
brecciae.
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The Southern Alpine Units show a different paleozoic history. The Karnischen Alps consists of a se
quence with vulcano-ckastics, sandstones, limestone's, schist's, brecciae and flyschoid sediments
(Orodovizium - Perm). On the other hand the Dolomites are made of a huge quarzphyllite, which is
followed by a quarzporphyr and mostly marine sediments. In the mesozoic in both areas sandstone's,
limestone's dolomites and evaporites are sedimented.

1.4 Boundaries

This report is limited to problems of mass movements in the alpine region of Austria and Germany.
The Alpine Region is defined here as the montaneous area of the Western, the Eastern and the South
ern Alps as well as the tertiary basin and areas of quaternary deposits. Austria is totally covered by
these areas, while Germany, which also shows significant mass movements, is, expect of the alpine
part in the Union State of Bavaria, not included in this report. However, the organisation of the
authorities responsible for natural hazards, the research going on in this field, the kind of mapping and
documentation, etc. mentioned in this report, are not limited geographically and are generally valid.
Special problems of mass movements outside the Alpine Region are, however, not included.

1.5 Responsible bodies

The following effort is made to present the structure of the organisations responsible for land-slide
hazard, hazard assessment, risk assessment and protection measures in the different countries of the
defined Alpine Region. Generally, federal authorities are the responsible bodies for this topics.
In Austria the main and legal authority for Torrent and Avalanche control is the Forest- Tech-nical
Service of the Ministry for Agriculture and Forestry. Finally this ministry is also responsible for pro
tection measures. The Geological Survey of Austria is also involved in mass movement with mapping
as the main activity as well as the Geological Services of the provinces. Research on this field of natu
ral hazards is carried out at governmental and private research organisations and at institutes and de
partments of the universities.
In Germany the structure is different. The responsible authority at the federal level is missing. The
topic of landslide hazard is exclusive in the responsibility of the different states ("Lander"). There, in
general, the Geological State Offices and the Water Management. The different responsible bodies are
listed in a separate appendix.

1.6 End-users

In each country of the Alpine Region certain authorities/organisations, but primarily living in hazard
ous areas are affected. Independent of the location they are approximately the same so the following
list is valid for the whole alpine area.
• The Federal State in his responsibility for safety against natural hazards in form of financial sup
ports for protection provisions and benefits in case of damages and destruction's
• The Union States as a co-ordinator for the land use planning. They have to transform the hazard
mapping done by the Forest Engineering Service into an utilisation planning, which is recommended
by law for each state. In Bavaria all data from the GEORISK database is also available for private
offices and the forest services.
•

The local communities also for their local land use planning.

•

Highway and road authorities

•

Railway Companies
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•

Tourism and sport branch

• Power industry (water power is a very important source of energy in Austria and Switzerland, a
big part of water power plants is situated in the alpine regions)
•

Military

•

Farmers

•

The public in general

2. LANDSLIDES
2.1 AUSTRIA
2.2.1 Natural hazard/Landslide hazard and consequences
The country of Austria contains a big part of the Alps. Great mountainous regions are situated espe
cially in the western provinces. So the fight against natural hazards has a long tradition, 58% of the
whole country are influenced mainly by torrents, avalanches and debris flows. These areas are under
the control of the Forest Engineering Service for Torrent and Avalanche Control.
In Fig.2 a statistical analysis of torrent occurrences between 1972 and 1993 is shown.
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Fig.2, Distribution of the :frequency of torrent occurrences in Austria between 1972 and 1993

Most movements appear in the north and north- western part of Austria, namely in the union states
Tyrol, Carinthia, Salzburg and Vorarlberg. Here, climatically caused natural hazards occur almost
every year. Mass movements mostly occur in hard rock and soft rock in form of rock falls, topples,
translational block slides and sagging of mountain slopes. Slope movements in noncohesive soils dur
ing heavy rainstorms were also often observed (Moser, 1976). In the years 1965 and 1966 slope
movements triggered by heavy rainfalls killed 2/3 of all victims killed by natural hazards in the south
ern alpine region of Austria.
The time dependent behaviour of sagging mountain slopes were investigated by Moser, 1994. This
deep seating creep and sliding processes, especially in the lower areas of unstable mountainsides,

34

Appendix Al
negatively affect engineering structures, like check dams, roads, and settlements. The average velocity
lies between <5 cm/a and >100 cm/a.
In the eastern provinces the dense of endangered regions is lower, most mass movements occurs in
form of slides and debris flows. Rock falls and topples are of lower importance. In Lower Austria
between 1953 and 1990 84% of 1148 investigated mass movements were classified as slides, see Fig
3. Most of these occurred in the flysch zone and cliff zone, although the slope inclination is here lower
than in the molasses zone. This circumstance can be attributed to the clayey and marly rocks like clay
stone, marls and mica schist in the flysch zone and to a high water access. Most movements occurred
after heavy rainfalls and caused damages mainly on roads (Schwenk, 1992).
Creep is also very common in these areas, due to the very low velocity of movement (cm/year) the
damages on roads and buildings are not dessential. At higher water access the movement can change
into sliding and debris flows.
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Fig.3: Distribution of mass movements in Lower Austria from 1953 to 1990

Debris flows, especially Muren are also periodic returning phenomenons. Similar to slides, they are
also triggered by a sudden high water access caused by heavy rainfalls. In Lower Austria more than
50% of all cases are located in the Kalkalpen with steep slopes and large debris deposits. Most dam
ages occurred on streets and main roads; damages on buildings were of less importance. In Fig. 4 the
distribution ofMuren events, triggered by torrents is shown.
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Fig. 4, Distribution of the frequency ofMuren events, triggered by torrents between 1973 and 1993
The weather conditions can be determined as an important or even a major triggering mechanism for
mass movements. Especially slides and Muren are to a great extend influenced by the weather condi
tions. Table 1 shows a statistical analysis of different water sources as a triggering mechanism for
mass movements in Lower Austria.

Table 1:Different triggering mechanism for mass movements in Lower Austria
Triggering mechanism
Sum of occurrences
Kind of moveheavy Rain Snow melt Snow melt,
ment
ram
Fall
6
4
10
Slide
635
53
192
880
Muren
73
2
3
78
714
59
Total
195
968

2.1.2 Hazard Assessment
Routines and methods
In Austria landslide hazard is always seen together with the danger of torrents and avalanches. Conse
quently the Forest Engineering Service does the hazard assessment for mass movements for Torrent
and Avalanche Control in the Federal Ministry of Agriculture and Forestry. The base for their work is
the Forest law from 1975 and the decree for hazard zone planes. Therefore the whole country has been
divided in 29 districts. For each district regional experts of the department have worked out a "hazard
zone map" (Gefahrenzonenplan). An own geological survey acts here as an advisor for geological
hazards.
The maps consist of areas with different hazard levels concerning torrents and avalanches. As a tool
for differentiation of zones, guidelines have been worked out, the so-called "guidelines for differentia
tion of hazard zones" ( Richtlinien filr die Gefahrenzonenabgrenzung). The base for these guidelines is
the historical method and the so-called empirical proceeding. The historical method is based on reports
and documents about former disasters. Empirical proceeding includes the inspections in the field, and
the collection of meteorological, geological and hydrological data in the surveyed area.
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Another important point of these guidelines was the creation of criteria for determinating between
floods and debris flow as well as avalanches. The hazard maps are an expert opinion representing the
cumulative curve of all possibilities in cases of a dimensioning occurrence. The validity of this method
is, despite the fact that it is not exactly mathematically reconstructive, sufficient enough.
A frequent danger is defined in the guidelines as a danger with a return period of 10 years.

Preparation of the Hazard Zone Maps
The range of validity of the guidelines for differentiation of hazard zones covers all planning activities
of the Forest Engineering Service. They are also a base for official evidences in which hazards, occur
ring from torrents, avalanches and other erosion process, has to be assessed.
The main areas in the Hazard Zone Map are:
•
•
11

Hazard zones
Provided zones
Reference zone

Red Hazard Zone
Highest danger levels, no permanent urban or traffic use allowed. The possible damaging effects and
economic losses are very high. Here landslides are only mentioned when they are triggered by torrents
or influence them.
Yellow Hazard Zone
High danger level, a permanent urban or traffic use is under special conditions possible. All areas
which are influenced by torrents and avalanches.
Blue Provided Zones
This zones are provided for technical or forestry measures for protection and stabilisation.
Brown Reference Zone
These areas represent all other natural hazards caused not by t01rents and avalanches, like landslides,
rock falls, etc. According to the decree for hazard zone planes this zones are a sort of service for the
land use planning. The exact potential of danger has to be evaluated by experts. The influenced areas
that were surveyed in the field are shown in the map and described in the written part of the hazard
zone map.
Violet Reference Zone
This areas act in a protective way, their present efficiency has to be preserved.
As mentioned above the regional offices of the Forest Engineering Service carry out the hazard map
ping. At the moment no Geo Information System (GIS) is used. The level of hazard is evaluated by
inspections in the field and under consideration of the hydrological characteristics.
Collecting information for construction of protection structures is one of the main purposes of the
plan. The hazard assessment is a delicate matter for two reasons:
•
11

There are strong private and political interests in the result of the plan
Only limited technical information on the watershed is available to make hazard assessment.

The hazard zone maps exist so far only for "relevant areas" (raumrelevante Bereiche) with a dense
population and a high risk for torrents and avalanches occurrences. Other areas, which are influenced
by mass movements that are triggered by other sources except torrents are, at the moment, not in
cluded in the hazard mapping done by the Forest Engineering Service for Torrent and Avalanche
Control, but are under their control.

37

Appendix Al

In general, the hazard zone planes alone are not legally binding. They are just a sort of expert opinion.
Only the law which regulates the utilisation of different areas (Flachennutzung) is legally binding.
This law is made by each union state and is there the base for the so called "land use planning"
(Flachennutzung, bzw. Flachenwidmung).
The output is a "map of dedicated areas" (Fachenwidmungsplan). In this map the risk zones from the
hazard zone plane have to be taken into consideration.
Between 1975 (when hazard zone planning officially was begun with the enactment of the forest law)
and 1995, 893 plans have been prepared and 652 have officially been approved by the minister (total
communities: 2.304), Fig.5 shows the degree of mapped areas up to now.

The geological services of the Union States are not general involved in the hazard zone mapping of the
Forest Engineering Service, but they are responsible for the realisation of the land use planing. Here
they act as an independent advisor to the union states.
In some union states all so far occurred landslides are registered in maps made by the services them
selves. This so-called landslide-register (Rutschungskataster) is used as a tool for further land use
planning.

For example in Styria a digital map of the whole country was created in which also all occurred slides
are shown. Also in Lower Austria such databases exist.

Hazard zone mapping in Austria
Degree of mapped areas

below25%

Presentation

The hazard assessment is presented in two different forms representing two different authorities:
•

The hazard zone planes (Gefahrenzonenplane), prepared by an federal authority, the Forest Engi
neering Service for Torrent and Avalanche Control. For those areas which are influenced by tor
rents, debris flows and avalanches these maps are recommended by federal law. Examples of haz
ard zone maps are shown in Fig. 6

•

The land use mapping (Flachenwidmungsplan), made by the Union States themselves. They are
legally binding and also recommended by union law (Raumordnungsgesetz).
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Not in all union states:
•

Maps and databases including all information's about occurred landslides made by the geological
services of each union state.
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Fig.6, Examples of a hazard zone maps, taken from (6)

Accepted risk levels

In Austria no risk assessment is done at the moment so the term accepted risk level doesn't exist in the
hazard assessment.
Only the frequecy of the mapped danger is defined in the guidelines for differentiation of hazard zones
as a danger with a return period of 10 years.
2.1.3 Warning systems

Warning systems and early warning systems are only uses for special cases. In Austria at the moment
such systems only exists for avalanche hazards and in some special cases they are in planning stage for
landslide and debris flow hazards. Especially the power industry namely the Illwerke and the Tyrolian
power supply company have worked out strategies in case of natural hazards for large dams and water
power plants.
At the so called "Schesatobel", which is an endangered region concerning to truncation effects caused
by the erosions of the river Schesa in the Union State Vorarlberg a warning system will be installed.
This system is based on the permanent geodetic survey of bench marks. Furthermore strategies for
hazards have been worked out for this region.
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Two examples for monitoring:

Long term control of the Mass movements appeared in the Slopes Forming DurlaBbo
den Reservoir (4)
The 83 m high Durla/3boden earthfill dam constructed in 1965/1966 forms a reservoir with a storage
capacity of about 52 mill. m 3 • Geological investigations made at an early stage of the planning and
design works revealed already different kind of extensive mass movements up to 300 mill.m3 in the
intended reservoir slopes. These slopes mainly consists of phyllites and are overstepped by glaciers
actions. To monitor horizontal and vertical displacements of the reservoir slopes they had been geo
detically surveyed by means of numerous measuring points prior to first reservoir filling up to the top
level. During the first 15 years after putting the hydro power plant into operation a substantial but un
steady increase of the displacements took place. In the following years these displacements decreased.
This was partly due to structural measures, bot also because of gradual consolidations of the reservoirs
slopes. Full reservoir operation did not cause extreme changes of the previous slope deformations with
one exception. The maximum horizontal displacements measured up to now are about 3 m at single
measure points. The reservoir level fluctuations go up to 45 m with maximum sink rates of 1 rn/d.
Extensive measurements further slope deformations, specially by means of the automatic polar meas
uring station recently put into operation, will, however, have to be continued in order to allow imme
diate detection of potential changes of the trend of slope movements and to arrange for adequate
measures, if required.
Long-term behaviour of the sagging masses at the Gepatsch-reservoir (8)
The slopes of the Gepatsch-reservoir in Tyrol (Kauner Valley Hydropower Plant of the Tyrolean Wa
ter Power Company, constructed 1960-1964) have been monitored for more than 40 years. The addi
tional gliding process of parts of the slopes within the first two years of filling the reservoir changed to
a steady slow creep process, which leads to the assumption, that it had occurred even in the period
before the first filling; this fact could be confirmed by back analysis of older measurements. The ac
tual slope movements are continuously monitored by a dense control point system. All the measure
ments show a monotionous deformation rate of 1 to 2 cm/year. Within the last years additional moni
toring systems have been installed, e.g. an automatic servo controlled geodetic supervision and two
deep boreholes equipped with inclinometers. These borings confirmed the great depth of the creeping
masses (> 100 m) and the lack of joint water until this depth.
2.1.4 Risk Assessment
In general Risk Assessment combines the identification and evaluation of hazards with the estimation
of the vulnerability of the environment and human presence. Risk exists when exposed people, prop
erty, or activities may suffer injury, damage, or interrruption, respectively, should a phenomenon oc
cur.
Institutional and legal mechanisms for the prevention and management of risks exists in Austria only
for avalanche hazard. Therefore the union states Tyrol and Salzburg have created the so called ava
lanche commission law (Lawinenkommissionsgesetz). According this law communities with areas
influenced by avalanches has to establisch avalanche commissions. The commission, consisting of a
chairman and at minimum two members, has to assess the risk of avalanches in the observed area. At
the moment no legal criterias and tools exists for assessing the risk, so they have to rely on their expe
rience and knowledge.
On the union state level avalanche warning services has been established between 1953 and 1960.
Nowadays these services are modern information offices which offers a great number of data.
As mentioned above, these two instruments only exists for the assessment of avalanche risk.
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2.3 GERMANY
2.3.1 Landslide hazard and consequences
According to the different geological and geomorphological conditions in each state the importance of
a special hazard management for landslide problems has a broad variance. Most of the states have no
important landslide problems. Some have problems (Reihnland- Pfalz, Baden- Wtirtenberg, Hessen)
but renounce largely on a special strategy.
Bavaria is the only German State covering parts of the Alps. This region is densely populated and
partly susceptible to landslides, so hazard management is important. Apart from the alpine part land
slides are common in Bavaria, e.g. along the morphological step of the Jurassic Alb plateau.
Up to now, only for the Bavarian alpine region (about 5500 km2) a special system for danger indica
tions has been built up. As in most of the neighbouring states, for the extra alpine territory the activity
is restricted to consultations either after a landslide event or in case of apparent imminent danger. The
planning authorities only consult experts, when a certain danger is already lmown or at least suspected.
Pure precautionary investigations are in general excluded.
2.3.2 Hazard Assessment
Routines and methods
As an interesting example for reduction and prevention of landslide hazards m Germany the
GEORISK Project in Bavaria will be presented on the following pages.
The project GEORISK
The GEORISK- System is a comprehendsive landslide information system, based on an ADABAS
database. The main elements of the system are:
• A landslide inventory with information's from about 1500 sites and digital data from the most
important features of landslides.
• an Arc-View GIS System
• a LARS literature database.
The data of the inventory are from different sources, but most of them have been checked in the field
or have been collected during special mapping. Especially the risk susceptible surroundings of the
major settlements have been mapped in detail. Accordingly, a precautionary aspect of the work is pre
vailing. The extent of the information is restricted to the sources of danger. For the reason of restricted
capacity for field investigations, up to now no indication about the reach of possible movements is
given. This problem must be reserved for private experts who can do detailed studies on the local site.
The general intention of GEORISK is the reduction of landslide hazard. General information's about
susceptible areas and immanent or latent danger is one important step in this direction. It is first of all
addressed to the planners of the local authorities. If they have to do planning in areas already men
tioned in the GEORISK- reports, most of them claim detailed investigations and expert's opinions
before giving their approval.
Furthermore the investigation of former landslide events has to give hints for the possible mechanisms
and triggering factors of future slope movements. That is why on selected landslides also more de
tailed investigations are carried out: They are mapped in detail, the soil or rock material will be tested
in the laboratory and some of the slopes will be surveyed by different geodetic methods. The investi
gation even may include borings and geophysical analysis. The results shall help the experts to under
stand and to assess not only the landslide worked on, but also other ones.
All kind of authorities has access to the GEORISK- informations. Up to now local communities
mostly use it, by the water management and by the forest authorities. The road and railway admini
strations only seldom ask for information about mass movements.
The role of GEORISK- occurrences in the sequence of planning is described in Fig. 7.
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Fig.8 shows a flow chart of the GEORISK structure, consisting of many different single elements. The
elements Survey of the Overall View, Detailed Investigations and Long Term Monitoring which will
be described on the following pages

Survey ofthe Overall View

All information available about mass movements in the bavarian alpine region was collected in form
of an "landslide-register" (Rutschungskataster). For each occurrence exists detailed information's in a
database. At the time 1400 single elements of occurrences which are already finished, still in motion
or visible developing movements are counted.
The importance of this register has been underlined by the fact that developing or imminent move
ments are often detected by monitoring the activity of old occurrences.

Detailed Investigations

By high importance of the investigated object a detailed investigation in form of bore holes, geophysi
cal surveying, etc. is added. As a criteria for importance the hazard potential is valid. In addition to
that areas with specific mechanism and relevant parameters from which general information can be
expected were also detailed surveyed.
Starting point of this survey is always a detailed investigation in the field under consideration of geo
logical, geotechnical and hydrological aspects. In special cases these investigations were completed by
special analysis of air photos as well as seismic and geoelectric measurements.

Long Term Monitoring

While the detailed investigation just represents a snapshot, a long term monitoring can give more in
formations about the long-term behaviour of a slope movement. So the hazard potential can better be
assessed.
Depending on the specific request different geodetic investigation methods of the movement are cho
sen:
•
•
•
•
•

Crack Gauges as a measuring instrument for cracks
Tape Extensometers
Conventional Surveying
Surveying with GPS
Permanent Monitoring with Dataloggers and Extensometers

The interpretation of the obtained results means a special and difficult problem.
In areas with movements the question of the further development must be answered.
Can a continuos movement led to higher risks or has an acceleration to take place? In many cases a
trend in the results of the measurements is visible. So with the suitable monitoring equipment an early
warning system can be established which should give time for leaving the endangered regions.

Extensive Mapping

The first project proposal included no extensive mapping, nevertheless in 1989 started a project in
which regions with a high risk to landslide hazards were surveyed. Corresponding to this criteria the
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mapping concentrated on regions with a dense population together with an unambiguous high damag
ing potential.
The obtained results where presented in two different kinds of maps. The first map presents the visible
and obvious landslides, respective the locations of topples and moved masses. In a second map, the so
called "map of activity regions" (Karte der Aktivitatsbereiche) an interpretation of the observations,
presented in the first map, is made. This is only done for regions with former and present activities.
Possible ranges of future occurrences and therewith potential endangering of objects can not be ob
tained from this map. It is just a base for further planning activities.
At the Geological Service in Bavaria a digital database where all maps are filed in digital form was put
in operation. All data is processed with the ARC-View GIS- System.
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Immanent danger:
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Fig.7: The role of GEORISK- occurrences in the sequence planning
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Flow Chart of the GEORISK concept
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Fig.8: Flow chart of the GEORISK project, (7)
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Fig.9: Map of activity regions, (7)

3. CONCLUSION
3.1 Hazard Assessment
In the observed Alpine Region the assessment of natural hazards is done in different ways. In Austria
the assessment of torrent and avalanche hazards has a long tradition and is regulated by federal laws.
An own authority, which is subordinated directly to the ministry, was established. The dominating
observed and assessed natural hazards are, due to the great number of victims and the high vulnerabil
ity, torrents, avalanches and muren. Tools have been developed for presentation; the most important is
the so-called hazard zone map.

3.2 Risk Assessment, Risk Management
The term risk is defined as the product of hazard with the vulnerability. Up to now risk assessment is
done only for avalanche hazard. Therefore two efficient tools have been developed; union laws regu
late both. The avalanche commission and the avalanche warning services. The avalanche commission
evaluates the avalanche risk for a community, while the avalanche warning services provides relevant
information about weather conditions, snow height, etc. For other mass movements no risk assessment
is carried out presently.

3.3 Future Research Needs for a Natural Risk Reduction
In this decade great effords have been made in developing tools for mapping and evaluating geological
hazards. Particular in the alpine region an increase in intensive land use can be observed during the
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last years. Hazard assessment, warning systems and protection measures are often only formulated for
one singular hazard event. Data and information from such single events are often not collected in
overall databases or maps of great scale. Consequently one future research need will be the develop
ment of an integral risk management which includes all available data.
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CENTRAL REGION
REGIONAL REPORT, AVALANCHES

Horst Schaffhauser
Institutfur Lawinen- und Wildbachforschung an der Forstlichen Bundesversuchsanstalt
Renweg 1, AT-6020 Innsbruck, Austria

1. INTRODUCTION
1.1. Definition and Boundaries of Avalanches:
According to the Austrian Forest-law from 1975 an avalanche is defined as snow-masses which during
the accelerant plunge on steep slopes and gullies, as a result of the kinetic energy, by air blusting
(powder avalanches) or impact pressure by the avalanche snow damages and risks causes. The ava
lanche classification corresponds with the International Avalanche Classification (Avalanche map) of
the UNESCO (Lawinen-Atlas. Natural Disasters. English, French, Spanish, Russian and German.
Paris 1981). The avalanche-catchment is within the meaning of the Federal Forest Law subdivided in
the release area, the avalanche track and in the run-off zone. This catchment is laid down by the gov
ernor of the day in the Austrian provinces.
1.2. Responsible bodies
1.2.1 Authorities

1.2.1.1. Ministry of Agriculture and Forests (BMLF/Federal):
BMLF

Forest Section

Group A

I

-----------

Forest Research

Group B

Group C

Intern. Forestry Co-operation
Forestry Landuse planing
Forest politics

Torrent and Avalanche Control
(WLV) 2

FBVA/Austrian Forest Research
Station. Inst. f. Avalanche and
Torrent Research 1
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1

Institute for Avalanche and Torrent Research (5 Departments)

Snow and Ava- Avalanches and
lanches
Dynamics

Torrent and Ero- Torrent
Hydrology
SIOn

of
Management
Avalanche
and
Torrent Catchment

2

BMLF/WLV (Austrian Torrent and Avalanche Control)
7 sections in 9 provinces

Sektion Vorarlberg, Rheistra13e 42/32/4, A-6900 Bregenz, DI A. Reiterer
Sektion Tirol, Liebeneggstra13e 11, A-6010 Innsbruck, DI J. Neuner
Sektion Salzburg, Paracelsusstra13e 4/III, A-5027 Salzburg, DI W. Kettl
Sektion Oberosterreich, Schmidtorstral3e 2, A-4010 Linz, DI H. Flachberger
Sektion Wien, Niederosterreich, Burgenland, Dr. Karl-Lueger Ring 14, A-1010 Wien, DI A.
Gschwendtner
Sektion Steiermark, Conrad v. H6tzendorfstra13e 127/II, A-8010 Graz, DIM. Gschwendtner
Sektion Karnten, Meister-Friedrich-Stral3e 2, A-9500 Villach, DI G. Luft
1.2.1.2. Regional structures
In some Austrian provinces the avalanche warning Austrian service is in a personal union with the
Federal Weather Forecast Service. (at now there are 7 avalanche services in Austria)
- avalanche warning-service (regional) as part of the regional catastrophic referate at the province ad
ministration.
- avalanche warning commission in the communities:
Head: mayor.
1.2.2. Research Organisation (government)
Austrian Forest Research stations (8 institutes)
Head: HR DI D. RUHM
Institute 8 = Institute for Avalanche and Torrent Research in Innsbruck, Hofburg, Rennweg 1, A- 6020
Innsbruck, Austria
Tel++ 43 (0)512 573933, FAX ++43 (0)512 572820, email: fbva.aiatr@magnet.at
University ofBodenkultur, Inst.f. Wildbach- und Lawinenschutz
Head: Univ. Prof. DI Dr. J. W. Weinmeister, Peter Jordan-Str. 82, A-1190 Wien
University of Salzburg, Institut f. Geography, Department of Snow and Glaciology (Univ. Prof.
Dr. H. Slupetzky)
University of Innsbruck, Inst. f. GEO-Technik (Department of ICE and Snow-Mechanik)
Head: Univ. Prof. Dr. B. Lackinger, Tel 0043 (0)512 507-6671, Fax ++43 (0)512 507 2996
Private:
AVL (Research station for combusting machines), Dep. Fluid Dynamics (Head Doz Dr. DI W.
Brandstatter, Research group avalanche-dynamics: Dr. P. Sampl, DI T. Zwinger, AVL, Kleistr. 48,
A-8020 Graz, Austria, Tel ++43 (0)316 787
1.2.3. End user:
Highways departments
Railwaysystems
Tourist offices
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Recreation areas (ski-centres a.s.o.)
Equipment industries
Military

2. AVALANCHES
2.1. Historical overview (Austria):
Knowledge about avalanche disasters from the Austrian Alps can be led until to the 10th century in the
church-chronicles.
1456
1497
1556/70
1570
1664
1689
18- 19 century
Dec. 1916
1951
1954
1972/73
1987/88
1998/99

In Lahn/Tirol 22 victims
Blons/Vorarlberg 10 victims
Mittelberg/Tirol 15 victims
Bleiberg/Kamten 14 victims
Elmen/Tirol 40 victims
256 victims in Tirol u. Vorarlberg
Ca. 143 victims
6000 victims, Austrian soldiers on the
Dolomite front during 48 hours
135 victims
143 victims
61 victims
40 victims
50 victims ( 38 in Galti.ir)

Rests of the former avalanche control designes during the settlement in the middle age can only be
found in the residential area of the ,,Walser", for example in the community of Galti.ir in the Paznaun
valley in western part of Tyrol. After the avalanche disasters of 1613 an avalanche dry stone masonry
wall was built. In some cases these constructions are in function until now. In Austria avalanche re
search was initiated between 1880 and 1884 in the course of avalanche control construction work un
dertaken to protect the Imperial and Royal Railway on the west ramp of the Arlberg pass. This date
coincided with the establishment of the Austrian Torrent and Avalanche Control. Preventive avalanche
research and the intensifying of control working was initiated in Austria after the Second World War
with the establishment of snow research centre in the Wattener Lizum in Tyrol.
One of the most important findings after the avalanche catastrophes of 1951 and 1954 278 persons
were killed was that nearly two thirds of all avalanches start below the potential timber line. Then
research was transferred to Obergurgl, located 2000 m above sea level.
On the one hand methods of high altitude afforestation (s. fig. 1) were investigated to replace expen
sive control techniques. On the other hand led this catastrophic situation to a breakthrough to the result
in a co-operation with the Swiss Federal Snow and Avalanche research institute in Davos.
Since that time the steel snow pack-stabilising works started worldwide their triumphant advance. In
recent years increasing settlement pressure in the inneralpine valleys and the extensions of ski areas
not only into the plane but also into high-mountain zones requested new ideas in the frame of tempo
rary and permanent measures. Bomb-trams (USA) and the GAS EX (France) are today state of the art
of the avalanche prevention. New targets were given by the foundation of the Austrian Institute for
Avalanche Research in 1985 in Innsbruck. Avalanche Research is in charge of preparing improved
guidelines for active and passive protection (forecast- and numerical avalanche simulation models)
from avalanches, a function also important for the Austrian economy. The investigation includes the
development of new control techniques; forestry measures for the management of avalanche hazard
zoning. Avalanche documentation, meta-data collection, including accident files is an essential contri
bution to the improvement and standardisation of training and education programs for all target groups
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in the wide field of avalanche engaged persons. The rising number of tourism related avalanche acci
dents during the period between the winter of 1967/68 and 1998/99 (Luzian, R. 1999) 786 persons
were killed by avalanches in Austria (75% backcountry skiers and mountaineers) makes new methods
of training add facilities necessary.

Fig. 1: Afforestation of avalanche catchments, BMLF 1998
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2.2. Avalanche hazards

In the Austrian territory more than 5800 avalanches in the permanent settlement area are documented
(Forest-technical Service of the Austrian Torrent and Avalanche control):
1023
141
664
478
611
87

avalanches in settlements
avalanches along of railways
avalanches Federal roads
avalanches Province roads
avalanches Community roads
avalanches Access roads into glaciers ski arenas and winter open scenic routes.

The distribution of the according avalanches is demonstrated on the map (s. Fig. 3).

As you can take it from this map, in Tyrol the most avalanches occurred, which threaten the settle
ments in contrast to Vorarlberg with the highest risk-density. Centres of avalanche activities in Austria
- caused by topo- and orographic exposition situations towards to the impinging precipitation band
from NW - are considered the Montafon and the Klostertal in Vorarlberg also the upper Paznaun- and
Stanzer-Valley, with 170 avalanche paths. Almost the same situation can be found in the inneralpine
valleys of Austria and along the southern and northern rim of the Austrian Alps.
2.3. Consequences:

Changes in economic and social behaviour of the west-European society led to an increasing and ex
panding of tourist recreation areas and ski resorts. As a consequence of that development was a
speculation inland, especially in the field of the revision areas as an after-effect of avalanche protec
tion measurements. In the course of a withdrawal of the hazard zones followed. This caused conflicts
between the interests of landowner and tourism industry against the targets of governmental authori
ties, which are responsible for legal aspects regarding the safety of inhabitants, public and private
properties. Just on the end of the sixties the before mentioned development required legal steering
instruments to prevent that new settlements advance into endangered areas.
At the same time requested the regional laws for regional planing and land use in the nine provinces of
Austria in consideration of natural disasters. Therefore in Austria in 1969 the hazard zoning and map
ping on the base of the avalanche cataster from other avalanche catastrophic winter 1951 started. The
legal basis for the elaboration of the guidelines for the hazard zoning was formed by article 11 of the
Austrian Forest-law from 1975.
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2.3.1. Legal aspects for avalanche zoning and mapping.

Responsible for the hazard mapping in the Federal Service for Torrent and Avalanche Control. Every
avalanche hazard map consists of cartographic and descriptive part.
- The cartographic working basis are maps in the scale (1: 20.000 - 1: 50.000) including the limitation
of the total catchment and the release area.
- The hazard zones map consists of the avalanche effects on the base of a return period of 150 years.
In the frame of the descriptive part one is informed about the basic data (Meteo-nivo values, the eco
logical capabilities (a.s.o.), and the arguments of the valuation and hazard zoning. Here are also col
lected chronical information by the inhabitants and historical disasters.
Due to the performance of the avalanche hazard zones are separated into two zones (s. Fig. 4):
- Red zone:
This comprises areas, which are endangered by avalanches to such an extended that their use for per
manent settlements and traffic isn't possible. Here are impact forces more than 25kPa expected with a
lot of frequent avalanche disasters. Buildings and other infrastructures cannot be implemented in this
area.
- Yell ow zone:
Impact forces are located between values < 25 kPa to 2 kPA. Buildings and structures have protected
by special architectural designer and reinforcement regarding to their static.
In this areas permanent settlements are possible and the conditions for new building constructions
have to be observed in the decision by the federal authorities regarding optimising prevention measure
how as pressurised windows (-glass), doors offside the avalanche front, anchoring at roof construction.
For not permanent settled areas, in the case of rededication the avalanche danger has to be eliminated
by technique design without public funding. Infrastructures (e.g.
cable ways, railway station, schools) without short escape and evaluation possibilities are not allowed
in yellow zones. Along general lines is no described stepwise the regulation of an avalanche hazard
map.
- In a first step the draft proposal of the hazard is submitted to the major of the community and has to
lie out for public inspection on sight during four weeks. The right to object and everybody has the
right of opposition proceeding in writing form.
A four people commission existing of a representative of the Ministry of Agriculture and Forest in the
head of the local Federal Torrent and Avalanche Control, from the province and the municipality. This
team has to discuss the written opinions and decides the passing of the results by simple majority of
votes, in case of parity so decides the vote of the representative of ministry.
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Fig. 4: Communities with avalanche hazard maps (BMLF 1998)
- After this the reviewed hazard plan (scale 1:5000) has to be officially approved by the competent
minister (s. fig. 4). If importance criteria's for the hazard zoning has been changed, so the plan has to
be modified. The by the ministry approved zoning plan has to laid out for public insight. The results of
the hazard mapping and zoning are obligatory for the local and provincial authorities. In case of non
observance of the public financial funding for avalanche control measurements can be reimbursed.
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Figure 5: Hazard zoning map from Ischgl
LR= Red zone
LG = Yellow zone

2.3.2. Actual tools for hazard zoning in Austria:

In Austria the calculation of the flowing part of avalanches is based on the method by A. VOELLMY
(1955; Salm B., Burkard A. and Gubler H. 1990) respectively on the method of Hagen G. (1991).
Parallel due these models as NGI-models are used. Before 1993 in Austria no model existed to simu
late dynamics of catastrophic avalanches. The movement of a dense flow avalanche is prescribed by
the LAGRANGIAN dense flow equations. The mass and momentum of each particle will be distrib
uted to the neighbouring grid nodes.
The Austrian powder-snow model (AVL - AIATR - WLV) is based on the three-dimensional Rey
nolds-averaged Navier-Stokes equation for the turbulent flow of air-snow suspension and they are
solved using a fixed 3-D-Eulerian grid. A General co-ordinate transformation fits the grid to the land
scape surface. The coupling of the dense and powder avalanche model was undertaken as a function of
turbulence in both dense flow and suspension flow, of the velocity difference between the two parts
and the vertical fraction gradient in the dense flow surface and suspension flow. Additional to this
modern methods, traditional instruments, how the ,,hazard indicators" and chronicals are also impor
tant. The powder-snow model isn't only used for hazard zoning but also for industrial purposes e.g.
calculating the impact pressure on cabins of cableways a.s.o.
Based on the above mentioned model a coupled moredimensional catastrophic avalanche model has
been developed in co-operation with the Austrian Torrent and Avalanche Control (WLV), the AVL
(Research Institute for Internal Combusting Engines) in Graz, the department of Fluid Dynamics TU
in Vienna, and the Institute for Avalanche and Torrent Research at the Austrian Federal Forest Re
search Station (FBVA) in Innsbruck. The results of the model are in good agreement with mapped
field studies of natural disasters (Hagen G., Hufnagl H. J. , 1986). This mathematical model is used to
forecast the run-out distance of the avalanche, the flow height, the height of deposition, as well as the
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vertical distribution of densities, velocities and total pressures. For the last year this model has been
used as a tool to solve engineering problems in cableway constructions such as the influence of de
signers relating to the behaviour of catastrophic avalanches.
Catastrophic avalanches are characterised by a dense flow part with a high powder component. Due to
the SAMOS-model (Snow Avalanche Model and Simulation) dry avalanches are described as a mass
of non-cohesive particles with flow densities in the range from 70 to 350 kg/m3 • In the dense flow
regime the momentum transfer is caused by particle contact-collision in the powder snow regime the
momentum transfer by turbulence. For the numerical implementations a finite volume (>103 volume
elements) scheme is used and the conservation laws of mass and momentum are integrated over a ma
terial control volume that moves with the dense part of the avalanche (Lagragnian-formulation).
The AVL powder avalanche model is based on the fundamental differential equation-system (three
dimensional Reynolds-averaged Navier-Stokes equation), which governs the conservation of mass,
momentum, snow concentration and the effects of turbulence are taken into a two equation turbulence
model (Brandstatter, W., Sampl, P.1996), with a maximum of 6.104 elements.
By means of fixed 3 D-Eulerian grid which is fitted by a co-ordinate transformation to the surface of
the avalanche catchment and the SIMPLE algorithm (Patankar, S. V., 1980) the before mentioned
equation are solved.
For calculating powder avalanches by the AVL/FIRE software there are USER-functions applied.
Using the passive scalar represents the snow concentration and the local density is calculated via
URSDEN-function depending on the passive scalar. The motion of the snow-air mixture is caused by
the interaction of gravitation and the density differences. A transition model couples the dense flow
part with the powder snow part by a mass transfer model.
The modified routine ,,SAMOS" includes a pre-processing element number. The modified routine
,,SAMOS" includes a pre-processing part, the main routine, and a postprocessing part. After having
entered the pre-processing section, first the area of topographic influence of the avalanche, the poten
tial avalanche-starting zone, above the limiting co-ordinates, the depth of the snow-pack, the density,
and the snow mass are entered. With the help of a system utility the isohypses are modified. Land
marks, screen dots, the surface roughness and the permeability of buildings (e.g. deflection-dams) and
vegetation (forests) are settled and inscribed with different key numbers (0-1 ). Prior to the geometric
delimitation of the calculation grid the centre line of the avalanche has to be determined. After the
sizes of the grids and the allowed time (variable running time of the simulation, time intervals between
0.1 and 0.4 sec, output interval in seconds) have been entered, the calculation grids are automatically
generated. Thereby the pre-processing phase has been terminated and after having saved the project
the programme is ready to run. Immediately after the start the computing process and the input pa
rameters (mass of snow, iteration steps, gas density) can be checked at any time.
In the post-processing part one can call in the maximum and minimum total pressure, the velocity
vectors, and the densities within the three space axes in longitudinal and cross sections as well as in
the horizontal projection at every selected time step and for any element number.
Depending from the area of the avalanche catchment the solution run times are minutes for dense flow
avalanches and hours for powder snow or coupled avalanches. Initial conditions (physical parameters)
are the density of snow-mass in the dense flow part and the diameter of snow particles for the resus
pens10n.
The release area is outlined automatically (by polygons) and the snow-mass is also calculated by input
,,read file" of snow depth and densities.
Areas with obstacles and surface roughness can also be implemented.
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Fig. 6: Avalanche Simulation with AVL-FIRE (P. Sampl)
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2.3.2.1. An example of SAMOS-Application in case of Wolfsgruben-Avalanche 1988.
The length of fracture line and fracture width was determined by terrestrial photogrammetry combined
with a starting zone equalisation of concentrate beam block of the program "Orient" (Hagen F., Otepka
G., 1988) with an exactness within the meter range along the fracture line, relating to the fracture
thickness within the one decimetre range. Due to the Wolfsgruben-avalanche the mean value of thick
ness was calculated by this method with 1.37 m.
The release-zone with an area of 37,40 hectare is situated 800 m above the bottom of the Stanzer
valley (1320 m). The geometrical boundary conditions (slope-morphology model) was manually cre
ated by digitising the contour lines of a map, scaled 1:5000.
The avalanche has been initiated with a snow mass of 22100ts (density 200 kg/m 3) and a particle di
ameter of 0,2 mm, during a real solution time of 150 seconds.
With effect from pressure along a theoretical infinite hindrance vertical to the avalanche path is caused
by tum round of the flow and is calculated with pv2. Avalanche pressures of more than 25 kPa are
indicated as so called RED ZONE of the hazard zone map - buildings and infrastructures are in this
case not officially approved. The YELLOW ZONE covers areas with reduced forces below 25 kP A till
2 kPa. The digital terrain model is strapped by contour lines all ten meters.
Figure 7 shoes the distribution of the calculated maximal dense snow impact over the whole running
time of the avalanche (one meter above the ground surface). In the run-out zone the dense flow part
stopped immediately in front of the house Zangerle, on the base of the opposite slope, with a strange
decrease of the dynamic pressure. In the channeld track pressures over 250 kPa can be expected.
In contrast to the mapped area of the run-off zone, where the delimitation of the model result differs,
the sphere of action of the powder part is in a good line with the reality (s. fig. 9). After use of digital
terrain model with a higher resolution of contour lines with a distance of five meters the results corre
sponded with the mapped situation of the dense part.
TSCHOM (1988) a civil engineers for static calculated the impact pressure. On the example of the
destroyed house ,,Zangerle" a pressure in the range between 13 kPa and 17 kPa could be determined
and so the computed results with 13 kPa have been brought into a good line with reality (s. fig. 7, 8
and 9).
At the University of Bodenkultur in Vienna has been developed an avalanche simulation model
(ELBA 1999; G. Volk, K. Kleemayr). The basic constitutive equations have been devised from the
VOELLMY (1995) formula modified for a 2-dimensional application. The program has at one's dis
posal with standard interfaces to ARC-Info and ARC-View- GIS-Software.
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Fig. 7: Wolfsgruben-avalanche 1988
coupled simulation, dense flow peak pressure (0-1 m)
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coupled simulation, powder part peak pressure (2,4 m above the dense part)
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2.3.3. The Austrian (regional) avalanche forecast-service

Regarding to the activities of the Avalanche forecasting systems in Austria - this system is operating
on regional and not on federal basis - should be further information. The every day avalanche bulletin
in the winter half year is available by phone, fax, e-mail, and radio and in the print media before eight
o clock. The bulletin isalso an important tool for the avalanche commission for the decision of closing
and opening of roads, ski areas and evacuation of settlements. During non catastrophic conditions the
so called ,,Little avalanche commission" is acting. In catastrophic situation meets the ,,Big avalanche
commission". Head of both commissions is the mayor and he are responsible for the safety. For higher
order roads (highways) the head of the district decides about the measures. The Austrian Federal
Railways operates an own natural disaster service and their decisions aren't depending form the re
gional service (s. table 1).
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The Austrian avalanche-forecasting systems and the members of avalanche-commissions

Arnt der V orarlberger Landesregierung
Tel.: +43/5574/511 - 43110
Landeswasserbauamt - Lawinenwamdienst
Fax: +43/5574/511 - 43095
JahnstraBe 13 -1 5
DI H. Wirth
E - mail: hermann.wirth@vlr.gv.at
A - 6900 BREGENZ
Arnt der Tiroler Landesregierung
Abteilung allgemeine Prasidialangelegenheiten
Tel.: +43/512/508 2250, 2252,
Fax: +43/512/581839 81
Mag. R. Mair
Lawinenwamdienst
E - mail: a.praes@tirol.gv.at
Eduard W allnofer - Platz 3
A- 6020 INNSBRUCK
Arnt der Salzburger Landesregierung
Tel.: +43/662/8042 - 2170
Lawinenwamdienst
Dr. M. Staudinger
Fax:
Postfach 527
E mail: staudinger@zamg.ac.at
A - 5010 SALZBURG
Arnt der Oberosterreichischen Landesregierung
Abteilung Wasserbau - Wasserwirtschaft, Hydrographie Tel.: +43/732/7720 2485,2412
Dr. L. - R. Schmeill
Lawinenwamdienst
Fax: +43/732/7720 - 2411
KamtnerstraBe 12
E - mail: bauw-2.Qost@ooe.gv.at
A-4021 LINZ
Arnt der Niederosterreichischen Landesregierung
Tel.: +43/2742/200-4511, 4521
Abteilung Bau- Agrar- und Verkehrstechnik
DI F. Perimowski
Sachbereich Lawinenangelegenheiten
Fax: +43/2742/200 - 4980
E-mail:
Landhausplatz 1
A 3109 ST. POLTEN
Arnt der Steiermarkischen Landesregierung
Abteilung fiir Katastrophenschutz und Landesverteidigung Tel.: +43/316/877 - 3509
Fax: +43/316/877 - 3003
Dr. J. Brandl
Lawinenwamdienst
Paulustorgasse 4
E-mail:
A-8010GRAZ
Arnt der Kamtner Landesregierung
Tel.: +43/463/536 - 0
Abteilung 1 - Landesamtsdirektion - Lawinenwamdienst
Fax: +43/463/536 - 30198
derzeit vakant
Volkermarkter Ring 29
E-mail: post(a}ktn.gv.at
A-9021 KLAGENFURT
SUMME:
Roland Luzian, Forstliche Bundesversuchsanstalt, Institut fur Lawinen- und Wildbachforschung
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2.4. Risk assessment
In Austria the risk analyses is a very young method as a tool for estimating of natural disasters
and based on international standards (s. Literature Survey). The assessment of the natural dis
aster potential bases on a system of safety models. Whereby SAFETY is not an unmistakable
value, but a question of point of view.
2.4.1. Routines and methods
DOES IT BE SAFETY?
WHAT CAN OCCUR?

WHAT MAY OCCUR?

RISK ANALYSIS (Risk content of a system)

RISK EVALUATION (evaluation of the risk
acceptance)

SAFETY - ASSESSMENT
,j,
MEASURES PLANNING
,j,
SAFETY PLANNING

- For the general public the collective risk and the total damage are in the foreground of discus
sion and can be written as below:
Risk (collect.)= (Probability of damage)* (dimension of damage for the collective)
- For the individual the own endangering is in the foreground of discussion:

Collective risk

RExT
p
C

Risk (IND)=
Sum of endangered persons

(j) (c)

=
=
=

extended risk
damage
s of victims
aversion factor

- Extended risk definition
risk (EXT) = p*c*<p(c)
2.5. Glossary for Risk Analysis
Safety:
Certainty protected against dangers.
Possibility comes to harm.
Risk (common):
Value for the dimension of risk
Risk (i.a. narrow sense):
Risk
value, which is uncontradicted
Risk (accepted):
Risk value based on sociological opinion-leading process
Risk (acceptable):

69

Appendix A1

Risk (subjective):
Risk (objective):
Risk (individual):
Risk (collective):
Risk (voluntary):
Risk (involuntary):
Risk-aversion:
Hann-potential:

Subjective estimating of the risk-value.
Because of a fact by means of scientific methods assesses
risk.
Probability that a person comes to harm.
Expectation of harm for a collective.
A risk which is taken voluntary (e.g. rock climbing)
Risk, which an individual or collective is thrusted.
Subjective aversion against fatalities with the character of
catastrophes.
Maximum imaginable harm-dimension.

3. WARNING SYSTEMS:
3.1. Equipment: Avalanche Radar for Road Protection

For some time, ropeways for avalanche blasting have been used as road protection, extending
across mountain ranges that are exposed to avalanches, up to avalanche starting lines. Such ma
terial ropeways can transport blasting charges to the mountain top, which are used to detonate
the snow masses once a critical snow level is reached, causing them to glide down to the valley
as avalanches. On account of the fewer snow masses involved, these artificially triggered ava
lanches are smaller than naturally occurring avalanches and require shorter run-down zones that
may not even extend to the passing road. As the snow masses have thus been removed from the
mountain slope, no more natural avalanches will occur subsequently.
In contrast too traditional avalanche baffle works, the advantage of the above method are the
considerably lower costs involved in setting up and operating the ropeway. In addition, an ava
lanche gallery, for example, only protects the road by itself. The above method, however, also
provides protection to adjacent objects and built-up areas (also skiing slopes). The only essential
drawback of the method to this date was the lack of verification, to be obtained for the blasting
operation. Usually, visibility is poor (fog, snowfall, darkness) when the blast is triggered. A
visual assessment of the blasting operation is therefore not possible, to decide whether a closed
road section may be re-opened to traffic.
The radar works according to the principle of a transmitter-coherent, pulsed Doppler radar. It
can measure with reliability the velocity components of a snow avalanche during its descent,
also under very bad weather and visibility conditions (snowfall, fog, and darkness) and without
jeopardising the operating staff. As a result, the success of an avalanche blasting operation can
be assessed, leading perhaps also to the re-opening of a closed road section.
The ultimate purpose of the device is to verify, with reliability, the descent of an avalanche
when being blasted. The radar may also be used as monitoring and warning device, which al
lows for a constant observation of an avalanche slope and -in case of a descending avalanche
for an automatic recording of the data, possibly also triggering a warning system. It should be
added, though, in order to avoid any misunderstanding, that it is impossible to forecast ava
lanche events.
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Fig. 10: Range-gates of the avalanche AIATR-radar
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1. INTRODUCTION
Located in the Alps, Switzerland is a small "hazard prone" country (covering 41 300 lan 2 with 6.7
million inhabitants) exposed to natural disasters, such as debris flows, earthquakes, floods, forest fires,
hail storms, landslides, rockfalls, snow and ice avalanches and wind storms. This Swiss regional report
attempts to summarise the current state of practice in landslide and avalanche risk assessment and the
application of warning systems for their prevention. The objective of the Concerted Action is to re
view the state of practice of risk assessment and the application of warning systems for avalanche
problems and landslides, and to identify benefits resulting from a closer future exchange of knowledge
between the two areas.

1.1 Damage caused by landslides and snow avalanches
Every year natural phenomena like floods, landslides or snow avalanches cause severe financial dam
age in Switzerland. Unfortunately also casualties occur on a rather regular basis, mainly with snow
avalanches that bury off-pist skiers.

1.2 Financial damage
Since 1972 every year the financial damage caused by flooding and landsliding is determined by the
Swiss Federal Institute for Forest, Snow and Landscape Research (Rothlisberger, 1998). For this pur
pose about 550 Swiss newspapers are analysed and information on floods, landslides and related phe
nomena are collected. Based on this information the annual costs are estimated. In these calculations
only the direct damage caused by heavy rainfall or snowmelt and consequent flooding or landsliding
events is considered. Costs caused by windstorms, hail or lightning is not integrated into the database.
The results are shown in Fig. 1.
Floods and landslides have caused a mean direct financial damage of about 200 Mio CHF per year, not
considering inflation. Since 1972 more than 1250 events have been observed. All damage caused by
the same weather situation is considered to be one event. 36.5 % of these events are mainly related to
landsliding, causing about 2.2 % of the total damage. More than 40 % of the damage is related to
events where both landsliding and flooding caused important damage. About 50 % of the damage are
mainly related to flooding, in many cases including minor damage by landslides. Overall about 15 %
or about 30 Mio CHF per year of the total damage are caused by landsliding (Rothlisberger, 1998). No
information is available on indirect costs of flooding and landsliding.
The financial damage caused by snow avalanches has not been determined in a similar way. Therefore
no direct comparison between snow avalanches and landsliding is possible. Wilhelm (1997) shows
that the mean financial damage caused by snow avalanches and covered by insurance is around 5,7
Mio. CHF per year in the period 1972 - 1993. Even if considerable damage not covered by insurance
has to be taken into account, the direct financial damage of snow avalanches seems to be much smaller
than the average damage of flooding and landsliding.
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However as the 250 to 300 Mio. CHF direct financial damage caused by snow avalanches in the win
ter of 1998/99 proved, also snow avalanche damage can be very expensive. If indirect costs are con
sidered too, the total damage due to snow avalanches have to be estimated in the range of 1 billion
CHF for the winter 1998/99 (SLF, 1999).
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Fig. 1. Financial
damage
caused
by
flooding
and
landslides
in
Switzerland.
Inflation-index is not considered (Source: WSL, Water, Earth and Rock Movements, Birmensdorf)

1.3 Casualties
If flooding and landsliding cause much more financial damage than snow avalanches, it is the other
way round for the death toll related with these processes (see Fig. 2). On an average since the 40ties
every year 26 people lost their lives due to snow avalanches. Today most victims are due to slab ava
lanches triggered during recreational activities, whereas in the 50ties and 60ties at least half of the
victims were due to avalanches hitting populated areas or roads. The 1.5 billion CHF spent for ava
lanche control measures since the catastrophic winter of 1950/51 reduced the number of victims in this
category dramatically to about one or two per year (Tschirky, 1998). Unfortunately the winter 1998/99
was not only an exception with financial damage but also with human victims. Of the total number of
37 deaths due to snow avalanches in the hydrological year 1998/99 (preliminary data) 17 have been
killed on roads or in houses (SLF, 1999).

Also for casualties due to flooding and landsliding the year 1999 is a very special one. For the first
time more than 20 people have been killed by floods, landslides and related processes, whereas the
average for the years 1972 - 1996 only lies slightly above 2 (Rothlisberger, 1998). The very high death
toll is mainly related to the fact that in the last few years not only mountain slopes prone to snow ava
lanches but also mountain torrents and streams have become a major field of recreational activities. In
one of these streams, the Saxetbach near Interlaken, a flood wave killing 21 of them surprised a group
of 53 people carrying out the new activity called canyoning.

74

Appendix A1

60

50

,.,,
C:
,.,,0 40
.,
Q.

"0

....,:::
.,

I
J

,,
for 1999:
; - ; 1 - - - - - - - - - - - - - p r e l i m i n a r y data
'
,

)..

a 30

II floods / landslides

O snow avalanches

I

,-.

1-----4,- -1-----~
I

r

0

)..

I

I

..0

S 20 -'~<------~-,-~--

--~~:e---~1-;t--,r--f--tl-111~- - - -

::::

;

1- - - , 1 - t - , - , - - - - 1 1 - - - ~

I;

C:

N

~'

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

'o;~

~

~

~

~

~

~

Year

Fig. 2 Number of people killed per year by snow avalanches and flooding / landsliding in Switzer
land. The information for snow avalanches is given for the hydrological year ending in the year men
tioned in the figure (Source: avalanches: SLF, Davos; flooding/ landsliding: WSL, Water, Earth and
Rock Movements, Birmensdorf)
2. RISK MANAGEMENT IN SWITZERLAND

As outlined below in detail, in Switzerland strong efforts have been made to apply the same strategy
and similar approaches for dealing with all kind of natural hazards. Snow avalanches and landslides
are therefore considered together with floods, debris flows, rock falls and ice avalanches. Therefore
first the general aspects of today's approach to risk management for natural hazards in Switzerland are
outlined. Up to now this procedure mainly concentrates on hazardous processes. Potentially endan
gered objects are treated in a simplified way. After this general part the process specific aspects are
described in the second part of this paper.
The identification of natural hazards, the evaluation of their impact on human beings and on their
properties and on the environment and the general risk assessment are decisive steps towards the se
lection and dimensioning of adequate protective measures. Therefore, a three-step procedure has been
proposed for debris flows, floods, landslides, rockfalls and snow avalanches as it is shown in Figure 3.
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1. WHAT MIGHT HAPPEN AND WHERE?

(Hazard identification)
Documentation:
• Thematical maps (e.g., topography, geology)
" Aerial photographs
" Geodetic measurements
" Register of events
• Map of phenomena

~
2. HOW OFTEN AND HOW INTENSE CAN IT HAPPEN?
(Hazard assessment)
Determination with:
" Simulation, modelling
• Hazard map
3. HOW CAN WE PROTECT OURSELVES?
(Risk assessment and planning ofmeasures)
Transposition for:
• Risk assessment (cost/effectiveness, protection objective)
• Land-use planning (code of practice)
• Preventive and protective measures
" Warnin s stems, emer enc lannin
Figure 3: Today's approach to risk management in Switzerland: a three step procedure

2.1 Regulations
Switzerland is a Federal country where 26 Cantons are sovereign in principle: the central authorities
only have jurisdiction in those domains determined by the Federal Constitution and all other state
powers automatically belong to the Cantons or to the communities. Each Canton has its own govern
ment, constituting laws and regulations within the framework defined by the relevant Federal laws.
The prevention and management of natural disasters follow the same rules. The legal and technical
background conditions for protection from natural disasters have undergone considerable changes
during the past years.
A former regulation, the Federal Law for Land-use Planning of 1979, required each Canton to elabo
rate a Master Plan, including a map of scale 1:50'000, designating among others, the hazardous territo
ries. Due to the lack of Federal subsides; the Cantonal authorities didn't support such investigations,
which restricted the use of their own land. Two new regulations, the Federal Law on Water Manage
ment and the Federal Forest Law came into force in 1991. Their purpose is, amongst others, to protect
human lives, objects of value the environment from the damaging effects caused by water, landslides,
and snow and ice avalanches and forest fires. The responsibilities still remain at cantonal level.
Following these new regulations, the main emphasis is now placed on preventive measures to an in
creasing extent. Therefore, hazard and risk assessment, the definition of protection goals, the integral
planning of measures (mapping, technical measures and warning systems) and the limitation of the
residual risk are of central importance. The cantons are required now to establish registers of events
and hazard maps of scale 1:5'000 (Local Plan) depicting endangered areas, and to take hazards into
account for the purposes of land-use planning. For the elaboration of the registers of events and hazard
maps, the Federal government is providing subsides to the Cantonal authorities up to 70 per cent of the
costs. Land-use planning and the corresponding zoning regulations are among the most effective in
struments to prevent substantial losses and casualties caused by natural hazard.
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2.2 Hazard identification
It is the aim of this first step to collect all information indicating an existing danger. Important indica
tions often can be found in a register of events or in traces of earlier events like e.g. the headscarp of a
landslide.
Some recommendations for the uniform classification, representation and documentation of natural
phenomena indicating hazardous processes have been established by the federal administrations
(Kienholz & Krummenacher 1995). Therefore, the elaboration of the Map of Phenomena should be
based on a uniform legend. According to the mapping scale (e.g., 1:50,000 for the Cantonal Master
Plan, 1:5,000 for the Communal Local Plan), this legend offers a great number of symbols in a modu
lar manner. Following the recommendations and this uniform legend, standard maps can be estab
lished, exhibiting the different phenomena indicating hazardous processes within an investigation area.
Thanks to nation-wide development and practical application, maps from different parts of the country
can be quite well compared.

A first version of recommendations for the elaboration of a coherent Register of Events including
special forms for every phenomenon (snow avalanches, landslides, rockfalls, debris flows, and floods)
and a digital database (StorMe) is in test operation with selected Cantons. On such a basis, all Cantons
will have to work out their own registers in the near future.

2.3 Hazard assessment
Hazard means the probability of occurrence of potentially damaging natural phenomena within a spe
cific period of time and in a given area. Hazard assessment implies the determination of the magnitude
or intensity of an event and it's frequency or return period (see figure 4).

Probability of occurrence
(In 50 years)
(In years)

Return period

high

100 to 82 %

1 to 30

medium

82 to 40 %

30 to 100

low

40 to 15 %

100 to 300

Figure 4: In the table above, the probability of occurrence in 50 successive years is related to the re
turn period by the binomial distribution assuming one or more independent occurrences inn (= 50)
years.
The relation can be expressed as: P n = 1 - (1-1/Tr) n where Pn is the probability of at least one occur
rence inn successive years, and Tr is the return period in years for an event of a particular magnitude.
The main result of the second step in risk management in Switzerland is a hazard map depicting what
areas hazardous processes threaten. Hazards maps established for the Master Plan (e.g., scale
1:50,000) display all hazard-prone zones at the Cantonal level. The classification is made in a simple
way: endangered or not endangered perimeters. Based on a diagram combining intensity and probabil
ity, hazard mapping for the Local Plan (e.g., scale 1:5,000) represents four classes or grades of haz
ard: highly endangered (red), moderately endangered (blue), lowly endangered (yellow), and not en
dangered (white).
Some Federal recommendations for land-use planning in landslide-prone areas (Littleton 1997) and in
flood-prone areas (Petrascheck & Loat 1997) have been proposed to the Cantonal authorities and to
planners for the establishment of hazard maps using the intensity/probability-diagram shown in fig-
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ure 5. Similar recommendations have existed since 1984 for snow avalanches (Guidelines for the con
sideration of avalanche hazards in planning land-use activities, (BFF/SLF, 1984).
Absolute safety is impossible to achieve. By considering only events with return periods of up to ap
proximately 300 years, a generally tolerable risk was fixed. The Federal recommendations are mainly
valid for cities and towns. Other forms of land-use can be treated in a similar way but by accepting a
higher risk e.g. related with events of return periods of 20 or 50 years or even less for agricultural land.

high
medium
low
high medium

low

Probability

residual
risk

high
Landslide

~ medium
en

C:

Q)

+-'

C:

low

1-P-9709.ds4

Figure 5

Intensity - frequency diagram for natural hazards used in Swiss hazard maps.

An example of a hazard map established for snow avalanches on a local level is presented in figure 6.
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Figure 6 Avalanche hazard map as an example for a hazard map for the local plan
The hazard map is the technical base of land-use planning in areas threatened by landslides, flooding
and snow avalanches. It must be implemented in the following procedures:
- establishment and approval of plans (Master and Local Plan)
- planning, construction and use of buildings and installations
building
licence,
construction
and
other
- award of subsidies

forms

of

land-use

The codes of practice for land-use planning in endangered areas are the following:
In red zones substantial damage to buildings leading to their possible destruction has to be expected,
putting people inside buildings into danger. Therefore building is essentially prohibited.
In blue zones slight to moderate damage to buildings has to be expected. People are endangered in the

field but not inside of buildings. Therefore construction is allowed, provided that certain safety re
quirements are met. Parts of buildings exposed to hazardous processes have to be designed to with
stand possible impacts. To minimise fatalities, communities are required to establish warning systems
and evacuation plans. Unusually large assemblies of people in blue zones have to be avoided as far as
possible.
In yellow zones slight damage to buildings may occur, but people are endangered neither in the field
nor in buildings. Therefore construction is allowed without restrictions but the owners have to be in
formed of existing dangers.
If the necessary input data e.g. on topography and geology is available, GIS together with simple
simulation models offer a tool to establish so called hazard index maps. These maps indicate the areas
threatened by hazardous processes on a very broad level and on scales suitable for a master plan in
regional or Cantonal planning. They cannot replace detailed hazard mapping but they are a cost
effective tool to identify the areas where hazard mapping must have highest priority. An overview on
methods used in Switzerland to establish such hazard index maps is described by Mani et al. 1998.

2.4 Risk assessment and planning of measures
Risk management is an integral approach of human thinking and acting covering the anticipation and
the assessment of risk, the systematic approach to limit the risk to an accepted level and to undertake
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the necessary measures. Snow avalanches and landslides are the result of the temporal and spatial
overlapping of the two independent domains potential hazard and potentially endangered objects. The
potential hazard is described in step 1 and 2 of the procedure by the probability of occurrence and the
intensity/extent of the events. The spatial area in use corresponds to the probability of presence of any
objects and the value of these objects.
Unfortunately, the methods for use in vulnerability and damage assessment leading to risk assessment
are less developed than the methods for hazard assessment (Borter 1999). The development of protec
tion objectives is a simple way to make a risk assessment. The choice of protection objectives is made
according to the values of the objects to be protected. Varying reference levels are applied according
to object category (e.g. residential areas, infrastructure installation, and agriculture areas).
Should the existing degree of protection be lower than the protection objectives, this means there is a
protection deficit. For reducing such deficits, land-use planning, structural protection measures (e.g.
dams, nets, reforestation, drainage); forecasting and early warning systems or emergency planning
(evacuation, closure of roads) should be done, according also to a cost/benefits analysis (Wilhelm
1997b).

3. LANDSLIDES

3.1 Landslide hazards and consequences
Switzerland's geological structure is essentially the result of a collision of the African and European
plate over millions of years. 57% of its surface lies in the Alps, 30% in the Molasse Basin and 13% in
the Jura (Figure 7). Rainfall is fairly abundant (50 cm in central Valais, 250 cm on Santis at 2503m)
and rather evenly distributed throughout the year. Towards the interior of the Alps, the timberline rises
from 1700m to 2400m, the snowline from 2500m to 3200. Most of the population and all-major cities
are concentrated in the Molasse Basin.
By contrast, the shaping of our present landscape by water and glaciers has taken place over the past
two million years. In the Swiss Alps numerous slopes are affected by small movements related mostly
to ancient landslide mechanisms of post-glacial age and to the progressive failure of rock slopes in
duced by weathering and water pressure in the fault systems. The rapid rockfalls and slides induced by
the withdrawal of the glaciers during the Preboreal period (10'000 to 9'000 BP), have carved a peculiar
morphology which is discernible on large-scale topographic maps. It is thus possible to assess that
landslides have affected more than 8% of the Swiss territory (2500 km2). Residual movement (up to
cm/year) is often ignored, due to the size of many unstable slopes or the lack of visible signs of activ
ity. As Flysch terrain are very common in the Prealps and in the front range of the Alps (Figure 7:
geological map) and also as Flysch terrain are among the most sensitive to mass movements, land
slides constitute a real threat to the sustainable development of these regions. Landslides-prone areas
in Flysch terrain cover approximately 1000 km2 •
In Switzerland, the mass movements are classified in three types of processes: falling, flowing and
sliding, each of them represented by various subtypes. The topple and spread are considered where
necessary as special cases. For example, sliding processes are distinguished by the depth of the slip
surface (shallow:< 2m; intermediate:< 10 m or deep:> 10m) and the average annual rate of move
ment (very slow:< 2 cm/year; slow:< 10 cm/year or active:> 10 cm/year). Falling processes are clas
sified after the size resp. volume of the falling materials (rockfall: 0 < 50cm; blockfall: 0 > 50cm or
rockavalanche: < 100'000m3) and the velocity (with velocity > 30m/s: sturzstrom with volume > 1
Mio m 3). For flowing processes, a clear distinction is made between channelised flows (often called
"Murgang") and non-channelised flows in slopes.
Rockfallslrockslides and deep landslides need several days, months or years of weather impact before
ground failure. The Randa rock avalanche of 1991 (30 Mio m 3 of fallen debris) cut off the village of
Zermatt and Randa from the rest of the valley for two weeks. During the winter 1996, two rock ava-
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lanches (3 Mio m3 of fallen rock) dammed a narrow alpine valley near Glarus, causing some important
damages to an electrical powerplant. In 1994, a prehistorically landslide experienced a strong
reactivation up to 6 m/day, thus causing the destruction of the village of Falli-Holli (40 houses). Re
cent reactivation of deep landslides in Switzerland can be explained pro parte by a major increase (10
to 20%) of the mean annual precipitation in Western Alps since 1977 in respect to the long term an
nual average (1901-1960). Exceptionally warm winters between 1988 and 1995 were recorded and
many episodes of snowmelt occurred in the course of a single winter. For regions located at an eleva
tion between 1000m and 1500m, these mild winters with temperature sometimes above O°C for many
weeks between December and May are responsible for the massive infiltration of melt water into the
ground. Therefore, heavy rainfall events on already saturated terrain can explain the sudden
reactivation of many ancient landslides since 1990.
Unlike rockfalls/rockslides and deep landslides, debris flows and superficial landslides are triggered
by periods of heavy water supply to the soils by rainfall during one to three days. During the flood
catastrophes in the summer 1987, more than 600 debris flows occurred in the Swiss Alps. In August
1995, a debris flow (40 000 m3) cut the highway in Villeneuve, near Montreux destroying some
houses and vineyards. In Sachseln (Obwalden), more than 600 superficial landslides occurred after a
heavy rainfall, in August 1997. In Switzerland, three heavy rainfall events of at least 70 mm/day occur
yearly over an area of 500 km 2 and this critical value of water supply triggers many superficial land
slides or debris flows. Future climatic warming and unfavourable developments of forests could also
lead to increased debris flow hazard in the periglacial belt of the Alps.

Figure 7: Geological map of Switzerland
Geological sketch-map of Switzerland: reproduction with the authorisation of
the Swiss National Hydrological and Geological Survey (SNHGS), Bern
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3.2 Criteria for landslide hazard mapping
3.2.1 Landslide probability

Mass movements often correspond to gradual (landslides) or unique (rock avalanches) events. It is,
therefore, difficult to assess the return period for a massive rock avalanche or to predict the
reactivation time of a latent landslide. For repeated processes like periodic rockfalls, snow avalanches,
floods or debris flows it is much easier to evaluate the corresponding intensity and return period, at
least if the necessary observations on past events are available, e.g. in the form of a register of events.
Because of this problem only repeated landslides are classified with the left diagram in figure 5 and
the probability classification of figure 4. For gradual landslides the lower diagram in figure 5 is ap
plied, where no probability assessment is carried out. Unique processes may be considered as remain
ing risk or if they are likely to occur in the near future they can be classified similar to gradual land
slides.
3.2.2 Landslide intensity

The detailed quantitative criteria for landslide intensity were chosen as follows:
Phenomenon low intensity
Rockfall

medium intensity

30 kJ < E < 300 kJ

E < 30 kJ

Landslide
V < 2 cm/year
(V > 2 cm/year)or H > 1 m
per event

V: dm/year

Debris flow
and Yw < 1 m/sVw > 1 m/s

D<lm

E: kinetic energy
H: horizontal displacement

high intensity
E > 300 kJ

V> dm/day

D> 1 m

V: mean annual velocity of landslide
V w: flow velocity
D: thickness of debris front

Figure 8: Criteria for intensity of rockfall, landslide and debris flow

3.3 Landslides protective measures
A successful rock and/or soil slopes stabilisation program requires the integration of a number of inter
related activities, including geotechnical engineering as well as environmental and safety issues, con
struction methods and costs, and contracting procedures. Modem methods for design and stabilisation
of rock and/or soil slopes were developed in the 1970s and continue to be refined and improved. As
examples for short-term protective measures mainly the following methods are used: monitoring and
forecasting of landslides, artificial release of rocks by drilling and blasting, closure of traffic lines and
evacuation of settlements.
In order to reduce or to stop permanently the movements of landslides, four main of remedial long
term protective measures can be used (Popescu 1996):
Modification of slope geometry (removal of material, fill at the toe, escalonated river dams, lateral
dams or dykes, reservoir emergency spillway)
Retaining structures (walls, piles, caissons, barriers, wire nets, rock sheds, earth dams)
Internal slope reinforcement (soil nailing, anchors, micro-piles, grouting, jetting)
Drainage (surface or trench drains, boreholes, horizontal and vertical wells, drainage galleries).
Some major drainage works have been carried out in last 20 years in Switzerland in order to provide a
complete or at least an improved stabilisation of large landslides (La Frasse, Campo Vallemaggia,
Braunwald, and Arveyes).
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3.4 Monitoring and warning systems
Forecasting, monitoring and warning systems are important tools for landslide hazard management.
Because of the inherent uncertainties associated with geotechnical hazard assessment, it would be
beneficial to incorporate warning and monitoring systems in the general strategy of landslide control.
In the present report, the following distinction is made:
Monitoring systems are intended to determine and display variations of geodetic as well as other
relevant parameters in slopes with time.
Warning systems are mainly used to provide information about imminent danger of landslides, or that
landslides have already occurred. The primary purpose of warning systems is to alert when measured
properties exceed pre-determined critical values. However, it may be difficult to establish a direct
relation between the measured value and the risk level.
The rockfalls of Randa in 1991 are explained as an example for an approach combining warning and
monitoring systems. On April 1gt11 1991 a major rockfall of some 20 Mio m 3 occurred at Randa near
Zermatt, damming the river, destroying some barns and closing the railway line. After some prelimi
nd
nary investigation during the following days, it became clear that danger persisted: on April 22 , two
rockfalls occurred again, representing a total volume of about 100'000 m 3 • Thus a complete monitoring
network was installed in order to survey the scarp and the slope above it, from where a second major
rockfalls was expected to start. Three monitoring systems were used:
A geodetic network, including two base stations in the valley (for electronic distance measurements)
and 14 reflectors placed near the scarp, in order to record daily the distances of 1.5 km and infer the
absolute speed of movement.
On active cracks and faults beyond the scarp, 18 distance-metre devices were installed to measure the
crack openings twice a day, giving very precise but relative values of the movement
Finally four seismometers were installed in the area of the main scarp to detect ground vibrations.
These indirect data were permanently controlled on the site and the seismic recording station included
an automatic warning system.
During the first days of May, geodetic displacement measurements recorded a strong acceleration of
the movement in the unstable scarp and high intensity tremors were also registered at an increased
level. On May 9th the displacements amounted to more than 70 cm in 11 hours and the crisis commit
tee decided to close the Cantonal road leading from Visp to Zermatt and the population was kept away
from the endangered zone. Within 7 hours, 10 Mio m 3 of rock material fell down into the valley. The
road and railway leading to Zermatt were blocked. As a consequence all ground traffic became impos
sible for the local population and for thousands of tourists for 15 days. After this second rockslide, the
monitoring system was reorganised with a new geodetic network and including a meteorological sta
tion. No major movements have been observed since then.
Such monitoring and warning systems are very expensive. The case study of Randa is a good example
where a well designed monitoring system was able to predict a sudden massive rockfall in advance.
Several other places in the Swiss Alps like Hohberg, Jungfrau or Meiringen are currently monitored
with similar equipments.

3.5 Climate change and impacts on landslide-prone areas

IPCC scenario for Switzerland
According to the Intergovernmental Panel on Climate Change, man-made global warming will lead to
an increase in temperature of 1 to 4° C, within one century. Based on the scenario "Business as usual"
of the IPCC 1992, the Swiss National Research Programme PNR 31 (Climate Change and Natural
Disasters) proposed some projections of temperature and precipitation for the years 2030 and 2100 in
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Switzerland (Figure 9). For the landslide-prone areas of Switzerland, the following parameters can be
retained (comparison with the year 1800):
Increase of mean annual temperature (+ 2° C)
Increase of mean winter precipitation(+ 20%)
and diminution of mean summer precipitation (- 10%)
Increase of occurrence of heavy rain periods: 3 events per year
with precipitation of more than 70 mm/day on areas larger than 500 km2

Impacts on landslide-prone areas
The present evolution of climate towards mild and wet winters will affect the unstable slopes of the
region located at an elevation between 1000 m and 1500 m in the Prealps and the border range of the
Swiss Alps, but the spatial distribution of landslides will not change drastically in the future (Lateltin
et al. 1997). The impact of a general elevation of both mean annual temperature and winter precipita
tion will probably cause a marked increase of the rate of movements in landslides. For some regions,
the annual rate of displacement (intensity) can change from centimetres/years to decimetres/year and
cause damage to roads and buildings.
Furthermore, some potentially unstable zones presently without movement will become active in the
future. With the increase of heavy rainfall event (more than 70 mm/day), the initiation of debris flows
and superficial slides can also be expected on critical slopes. With the global warming effect, glacier
shrinkage and permafrost degradation will also affected unstable moraines and can cause the initiation
of debris flows at an altitude between 2000 m and 2500 m a.s.l.

Scenario NRP 31 for 2030 and 2100
Temperature (~T) in C and Precipitation (~P) in%
Initial state: • 1800 AD.; Scenario A (Business as usual, IPCC 1992)

~T

~p

~T

~p

Figure 9: Scenario IPCC "Business as usual for Switzerland" (2030 and 2100)

3.6 Research needs on landslides
The triggering conditions and the landslide dynamics are still poorly understood at the present state of
knowledge.

3.6.1 Triggering conditions
The triggering of a landslide highly depends on the water content of the unstable slope. Water circula
tion and exchange between the soil and the bedrock, pore pressure and groundwater fluctuations in the
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landslide require further investigations. Another major research needs deals with the relation between
drainage efficiency and the hydrogeological conditions, especially their evolution with time during
crisis events.
3.6.2 Landslide dynamics

The prediction of slope movements with time is of great importance as it may affect the safety of con
structions, infrastructures and human life. Two very different approaches are possible: the mechanical
approach using continuum theory of varying complexity and the statistical approach including regres
sion analysis, time-series analysis or hydrology-derived reservoir models. The first approach gives
some information about potential unstable slopes and safety factors without prediction of failure time
(static modelling). The application of neural networks using parameters such as rainfalls, pore water
pressure and displacements belong to the second approach (dynamic modelling) and can be applied to
predict slope movement in time (Mayoraz et al. 1996). Furthers works should concentrate on the cali
bration of such predictions.

4. SNOW AVALANCHES

4.1 Avalanche hazards and consequences
In the Swiss Alps expanding settlements and increasing mobility due to trans-alpine traffic and tour
ism lead to a growing number of constructions in terrain threatened by avalanches. About one third of
the Swiss population live in the Alps and due to winter tourism this number is temporary at least tri
pled. A number of important highways and two major railway lines cross the Swiss Alps. Since the
catastrophic avalanche winter in 1950/51 the mobility of people in terms of vehicle-kilometres may
have increased by a factor of 100. It is therefore no surprise that avalanche mitigation has continued to
play an important role in the life of people living in the Alps. Since 1950, 1.5 billion Swiss francs have
been invested in engineering constructions for avalanche protection such as snow supporting struc
tures, deflectors or snow sheds. Together with the daily avalanche forecasting, the hazard zoning and
sustainable silviculture of the protection forests this has led to a high degree of safety (compared to
other hazards) in densely populated mountainous areas and on roads with high traffic volume.
Although avalanche research and avalanche hazard mitigation have made major progress in the last
decades, there are still deficiencies in knowledge and suitable tools too sufficiently protect life and
property. The catastrophic winter 1998/99 with many hundreds of devastating avalanches all over the
Alps clearly showed this. In Switzerland alone, 17 people have been killed during January/ February
1999, half of them in buildings, half of them on roads and in the backcountry. The total amount of
damages is estimated at 1 billion CHF composed of 300 Mio CHF direct damage cost and up to 700
Mio. CHF indirect damage cost.
Instabilities in the snow cover and external impacts can cause snow avalanches at slopes with an an
gle of 25°-45°. Extreme weather situations with heavy snowfall during several days may lead to cata
strophic avalanches threatening villages, access roads and railways. Different kinds of avalanches
occur depending on the characteristics of the snow pack, the snow volume involved and the slope an
gle. Slab avalanches are most frequent and typically are of moderate size and involve snow masses in
the order of a few 1000 m3 up to some 10'000 m3 . On a long year average, most fatalities are due to
accidental snow slab avalanche releases, initiated locally by off-pist skiers, ski mountaineers, or simi
lar leisure activities (in Switzerland 24 out 26 fatalities as mean value).
This annual statistic may drastically change during a winter period with exceptional meteorological
and nivological conditions as experienced in January/February 1999. Situations with return period of
several decades may threaten a whole country, severely endangering people and their settlements,
vehicles on roads and railways, forest and agriculture landscape. The devastating avalanches of Janu
ary/February 1999 were mostly dense flow or big powder-snow avalanches consisting of dry, loose
snow, which started to rupture spontaneously under their own weight. The rupture plane was often
situated at the base of several snow layers, accumulating a 2 to 4m thick snow pack. Huge snow
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masses up to more then 1 Mio m 3 were sometimes involved and the resulting avalanches advancing
down to valley level, endangering settlements, roads and railways (up to 1000 damaging snow ava
lanches in one month with 17 fatalities).

4.2 Snow avalanche hazard mapping
In Switzerland avalanche hazard mapping was initiated in the fifties after some catastrophic avalanche
periods (1951, 1954). The first avalanche hazard map was made in Gadmen and Wengen in the Canton
of Bern, 1954 and 1960 respectively. Dangerous zones were designated according to occur disastrous
events in a more qualitative way without taking into account nivo-meteorological factors or further
calculations. In course of time the methods were improved and avalanche models introduced to calcu
late the dynamic behaviour. This development lad for example to the "Guidelines for the consideration
of avalanche hazards in planning land-use activities" (OFF/SLF, 1984) and the "Guidelines for the
calculation of dense flow avalanches" (Salm et al., 1990). The two publications have been up to now
the most important tools for the elaboration of hazard maps for snow avalanches. Meanwhile im
provements and adoptions have been made, using GIS, DTM and FE-techniques (Gruber et al. 1998).
The experience collected with these methods also formed an important background for the develop
ment of the Swiss risk management.
To determine the hazard zones described in the chapter 'risk management in Switzerland' for snow
avalanches, the following quantitative criteria combining impact intensity (pressure perpendicular to
the avalanche flow direction) and probability of occurrence (return period) are applied:
Red zone:
Pressures of more than 30 k.N/m2 for avalanches with a return period ofup to 300 years.
Avalanches with a return period up to 30 years independent of pressure.
Blue zone:
Pressures ofless than 30 k.N/m2 of avalanches with return periods between 30 and 300 years.
Yellow zone:
For powder-snow avalanches: pressure less than 3 k.N/m2 , return period more than 30 years.
For dense flow avalanches: pressure unknown, return period more than 300 years
White zone:
"in all probability" no avalanche impacts to be expected.

The elaboration of hazard maps must strictly follow scientific criteria and methods including expert
knowledge. The goal is to determine the extreme avalanche on a reliable basis. Steps to follow are:
Assessment of the avalanche terrain (starting, transit and deposition zones, maps in a scale of 1:10'000
or 1:5'000, aerial photos)
Register of avalanche events as a map with all known historical avalanches, including their extent and
date. Additional information from competent local people or from old chronicles may be useful.
Field visits: check of the topographical conditions, including the structure and state of forests.
Climatic conditions: checked with local observations and with data originating from observation series
over last 20-60 years of the monitoring network of SLF, Davos. Very important is also snowdrift to
estimate snow accumulation in potential starting zones.
Assessment of the avalanche type to be expected and estimation of the return period.
Dynamic avalanche calculations for predicting the extent of an extreme event (30 or 300 years-return
period), probably not registered in a register of avalanche events delimiting the hazard zones for the
different return periods calculating run-out distances and pressures as a function of avalanche fre
quency.
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In Switzerland the Voellmy-Salm model is used since more than 20 years for estimating avalanche
speeds, flow heights and run-out distances of dense flow avalanches (see Salm et al., 1990). The use of
the Voellmy-Salm model requires a careful estimation of its input parameters as fracture height, fric
tion parameters or avalanche size (Margreth et al., 1996). To check the sensitivity, the calculations
have to be made with different input parameters. Critical assessment of the results is very important. It
has to be pointed out that dynamic calculations are just one part of hazard assessment. Numerical
modelling methods using FE- or FD- techniques have set new standards in the use of avalanche dy
namics models (McClung et al., 1995, Bartelt and Gruber, 1997). User-friendly GIS- and DTM-tools
are additional assets to complete and facilitate avalanche hazard mapping (Gruber et al., 1998, Gruber,
1998).

4.3 Snow avalanches protection measures
Several classification possibilities exist for the large variety of measures to reduce avalanche risk. In
Switzerland the sub-division into short- and long-term protection measures is most used (Salm et al.
1990):

Short-term protection measures
avalanche forecasting and warning
artificial release of avalanches
closure of traffic lines
evacuation of people and cattle
Long-term protection measures
hazard mapping as a base for land use planning
construction measures
supporting structures (avalanche starting zone)
deviation dams (avalanche path)
snow sheds (roads, railways crossing avalanche path)
catching dams (deposition zone)
retarding constructions (deposition zone)
silvicultural measures
reforestation
The most effective long-term protection measure against snow avalanches is hazard mapping and sub
sequent land-use planning. However, sometimes settlements are already in a place that is threatened by
snow avalanches or a traffic line has to cross an avalanche track. In these cases construction measures
or mountain forests must help to protect human lives and to prevent or at least reduce economic losses
(Ammann and Fohn, 1999).
In Switzerland more than 500 km of supporting structures, mainly steel bridges and snow nets, have
been built in the last 50 years. All experience gathered through these decades is summarised in
BUWAL/SLF, 1990. The aim of supporting structures is to prevent the starting of large avalanches or
at least to limit snow motions to a harmless extent. Fully developed avalanches cannot be stopped and
retained by supporting structures. (Margreth, 1996).
Deflecting and catching dams are relatively cheap technical solutions compared to supporting struc
tures but need enough space and volume to be effective. The height of the dams may reach 15 - 20 m,
depending on the avalanche velocity and its volume. Such dams may also be used to retain or deflect
debris flows. To avoid an overflow of the dam crest, retaining dams are sometimes combined with
retarding constructions to slow down the avalanche.
To protect roads or railway lines crossing a narrow avalanche track, avalanche sheds are widely used.
A few years ago, guidelines for the design of avalanche sheds have been published (ASB, SBB, 1994).
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In starting zones below the timber line mountain forest provides to the most effective and cheapest
protection measure. The trees retain the snow, stabilise the snow-pack and prevent avalanches to start.
As the mechanical resistance of trees is not sufficient to withstand fully developed avalanches, they
cannot retain avalanches that started above the forest.

4.4. Avalanche forecasting and warning systems
Avalanche forecasting and the subsequent measures like evacuation of people closures of traffic lines
or artificial release of avalanches under controlled conditions allow to minimise the remaining risk in
areas not or not for all situations secured by long-term protective measures. Avalanche forecasting is
also widely used to create public perception and to protect tourists in their recreational activities such
as skiing in ski areas or off-pist.
Avalanche warning has been one of the key tasks of the Swiss Federal Institute for Snow and Ava
lanche Research in Davos (SLF) since it was established over half a century ago. Until the early 1990s
the used methods in avalanche forecasting have been mainly conventional, based on experience, intui
tion and local knowledge of the forecaster.
A paradigm shift is currently taking place: Information systems and computer programs are becoming
more and more important, assisting the forecaster in collecting and analysing large amounts of field
data (Russi et al., 1998). Furthermore, computer models are available which simulate processes in the
snow cover and calculate local and regional avalanche hazards, thereby supporting forecasters and
decision-makers. However, the forecaster with his intuition, experience and local knowledge still plays
a decisive role in the forecasting process. While the computer helps to assimilate information, to as
sess the hazard risks, to support the forecaster in his decision and to distribute forecasts via modem
communication channels, it is still the forecasters ultimate responsibility to check and modify the
computer's prediction. This new way of avalanche forecasting is also called" computer-aided ava
lanche forecasting" (CAF).
Because the conditions triggering avalanches vary very widely in time and space, the final decision on
subsequent short-term measures (e.g. evacuations) has to be taken on a local level. To support these
decisions a three level concept (national, regional, local) of avalanche forecasting is being imple
mented in Switzerland. The SLF provides the first two levels, local security commissions are respon
sible for the local level. Basic information for these bulletins and the decisions on subsequent short
term measures are gathered by a network of 75 snow and avalanche observers and 65 automatic snow
and weather measuring stations throughout the Swiss Alps. The forecaster's expert knowledge com
pleted with a continuously operated numerical snow pack model (Lehning et al. 1998) analyses this
extensive ~of data. Additional software for the local level (NKD 2000) provides fast and efficient
decision support (Russi et al. 1998).
Up to now, it is not possible to determine precisely in time and space the occurrence of snow ava
lanches. Therefore decisions to close a road or a railway line normally are based upon the avalanche
forecasting. These results in rather long closure times compared to the actual time an avalanche takes
to occur. Therefore under certain conditions warning systems detecting moving avalanches are used to
close a road or a railway line only when the avalanche is already approaching (Zimmerli, 1998). As
there is a certain time necessary to close a road or a railway line and to make sure that the people have
left the endangered area, such warning systems can only be used for relatively long and well channel
ised avalanche tracks.

4.5 Experimental studies
Considerable knowledge gaps on snow avalanches still exist. Many of these gaps can only be filled
with detailed field information and measurements on snow and avalanche properties as well as on the
dynamic process, the impact forces and the run out distances of the avalanches. For this purpose a new
test-site for avalanche experiments has been built in Switzerland (Ammann, 1998) . This site allows to
study the overall dynamic behaviour of dense-flow and powder-snow avalanches.
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An important application of the data gathered is for the verification and calibration of physical models
and of computer simulation programs. For the impact studies a wall, a steel pylon of circular section, a
steel girder mast and a section of the roof of a road protection gallery are placed within the avalanche
track and equipped with force transducers and with pressure and strain gauges. The dynamic behav
iour of the avalanches is measured by Doppler- and FMCW-radar's. Snow mass balances are established b hoto
. If ossible, the avalanches are artificially released by means of explosives.
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Figure 11: SLF avalanches test-site Vallee de la Sionne. View on avalanche track with the location of
the different obstacles.
The new SLF avalanche test-site in the Vallee de la Sionne aims at providing the necessary experi
mental data input to further improve existing computer models and for the development of more real
istic approaches. The test-site is open on an international scale to all research institutes interested in a
co-operation (SAME, 1996). Research colleagues from Spain, France and Austria are already co
operating with SLF on that site.

4.6 Research needs on snow avalanches
Our present insight into the triggering mechanism of avalanches, into their dynamics and on their in
teraction with structures in the avalanche path is still limited. Some important questions and possible
approaches to these problems are described.
4.6.1 Triggering mechanism

The triggering of an avalanche highly depends on stability of the snow cover on a slope. Snow is a
complex mixture of air, water and ice, which is in the Swiss Alps always close to its melting point.
Due to this fact snow continuously changes its physical properties in space and time. A massive lack
of knowledge still exists on these metamorphic processes including re-crystallisation, settling and
creeping and on their influence on the mechanical properties of the snow cover. Furthermore it is un
known how the local and temporal variability of the snow cover and of its stability can be taken into
account in avalanche forecasting models. A further gap exists in the question of wind drift and it's
quantitative integration in avalanche forecasting and into avalanche dynamics calculations.
4.6.2 Avalanche dynamics

Besides a detailed knowledge of the triggering condition avalanche hazard mapping mainly depends
on correct models for the avalanche dynamics process. Still today methods are used that have been
developed 20 to 40 years ago. Important improvements could be achieved if adequate physical models
to describe the flow regime of dense-flow avalanches (Bartelt et al., 1997) and on the snow entrain
ment in powder-snow avalanches (Issler, 1998) could be implemented.
To develop, to calibrate and to test such models field and laboratory data covering all major factors
influencing avalanche dynamics must be collected. For this purpose the SLF operates the test site in
Vallee de la Sionne (VS) since 1997 as mentioned above (Ammann, 1998).
4.6.3 Integral Risk management

First approaches for an integral risk management in snow avalanche protection have been described by
Wilhelm (1997). Important improvements can be achieved if the proposed methodology is fully ap
plied. However for this purpose it must be decided what is the acceptable risk and how aversion shall
be taken into account. Furthermore efficient tools to assess the cost-effectiveness of different defence
strategies have to be developed, taking into account indirect damage cost. Due to the changed mobility
and the decreased awareness of the public these costs become more and more important as it was
shown in January and February 1999.

5. FINAL REMARKS

The new method to use a common approach for all natural hazards, as it is required by the new regu
lations that came into force in the early 90ties has delivered very promising first result. Besides the
fact that now for the first time all-important hazards have to be taken into account it also forced all
involved parties into a very fruitful communication, that resulted in several helpful publications. The
ones related to risk management, landslides or snow avalanches are mentioned in the respective chap
ters.
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However the authors believe that the full result of this new approach and the resulting co-operation is
not yet achieved. This is mainly due to the fact that still important gaps of knowledge exist. On one
hand the risk management methodologies have to be improved and adapted to all processes. Further
more there still exists a considerable lack of knowledge on the behaviour of the individual processes.
As mentioned above even for snow avalanches, the process most research has been carried out for, still
important lacking of knowledge are waiting to be overcome.
Switzerland is therefore planning to accelerate the research on natural hazards as far as the limited
financial resources allow. For this purpose mainly the co-ordinating agencies CENAT and PLANAT
are active, taking into account all important partners in Switzerland but also abroad. As the example of
the new test site of SLF in Vallee de la Sionne shows, best progresses can be achieved in intense goal
oriented collaboration.
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1. INTRODUCTION
This report summarises the State of Practice concerning landslide risk assessment in France, the
United Kingdom and Ireland, together with any recent relevant research results. It follows the general
pattern laid down in "Guidelines for the Reports" of 18th June, 1998, i.e. Introduction, Landslides,
Avalanches, Possible Connections and Appendices.

1.1 Landslides
Landslides may be defined, broadly following Skempton and Hutchinson (1969), as down-slope
movements of soil or rock masses, or debris. In most cases, movement occurs primarily as a result of
shear failure at the boundaries of the moving mass. In other cases, such as single toppling, shear fail
ure may not be involved. It is helpful to subdivide landslides which involve shearing into first-time
slides ( shearing and failing for the first time) and slides on pre-existing shears (renewals of movement)
(Skempton and Hutchinson, 1969).
Landslides exhibit great variety of form and mechanism. Accordingly it is necessary to classify these
phenomena. A review of the landslide classifications in use in France is given by Flageollet (1989).
The classifications of Hutchinson (1988), summarised in Table 1, and Varnes (1978) are widely used
in the United Kingdom.

1.2 Avalanches
In most of the mountainous areas of England, Wales and Ireland snow avalanches are of minor im
portance. They are more serious in the Scottish Highlands, however, where they frequently cause sev
eral deaths per year to climbers and skiers. A Scottish Avalanche Information Service, run by The
Scottish Sports Council, is based at Aviemore in the Northern Cairngorms: there are also other fore
casting areas at Lochaber and Glencoe.
Avalanche studies in France are reviewed in the CALAR report by Politecnico di Torino.

1.3 Responsible Bodies in different EC Member Countries
France
In France, the bodies chiefly responsible for dealing with all aspects of landslides are the Home Min
istry, the Ministry of the Environment, the bridges and roads authorities (Laboratoire des Pouts et
Chaussees), the geological services (Bureau Recherches Geologiques et Minieres) and the departments
of agriculture and forests and water and rivers (Flageollet, 1989; Weber, 1992). Some experimental
landslide hazard mapping, termed ZERMOS (Zones exposees aux risques lies aux mouvements du sol
et du sous-sol), was carried out at a scale of 1:25,000 in several departments of the country from the
1970s to the early 1980s (Antoine, 1977; Humbert, 1977). (Note that "risques" means "hazards" in
French, but the recent tendency is to translate "hazard" by "alea"). Such mapping has been developed
further in the more slide-prone areas of France into POS (Plans d'occupation des sols), which have
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legal force in relation to the use and occupation of land (Porcher and Guillope, 1979), and into PER
(Plans d'exposition aux risques), in response to a law of 1982 providing for the indemnification of the
worst affected victims of natural catastrophes (Champetier de Ribes, 1987; Flageollet, 1989). The
mapping programme is now called PPR (Plans de Prevention des Risques) and is planned to cover the
main areas at risk by the year 2005 (J-L. Durville, pers. comm.).

United Kingdom
A number of Government departments are interested in landslides, including the Department of Envi
ronment, Transport and the Regions (DETR) (formerly the Department of the Environment (DOE)),
the Ministry of Agriculture, Fisheries and Food (MAFF), who are responsible for protection against
coastal erosion, and the Welsh, Scottish and Northern Ireland Offices (D. Brook, pers. comm.). The
British Geological Survey (BGS) and the Health and Safety Executive are also involved as well as
many local authorities. The present planning legislation and procedures are discussed by Jones and
Lee (1994), Clark, et al. (1996a), Clark, et al. (1996b) and in DOE (1990) and DOE (1996).
As part of the International Decade for Natural Disaster Reduction, Sanderson, et al., (1995) have
prepared a useful, though perhaps inevitably incomplete, audit of UK assets in disaster mitigation,
preparedness and reponse.

Ireland
Neither landslides nor avalanches appear to impinge much on the society or economy of Ireland,
though potentially dangerous bog-bursts take place in heavy rain from time to time. In the past the
Geological Survey and some university geography and civil engineering departments have taken an
interest in landslides. The body formally responsible for these is The Department of the Environment
and Local Government, Custom House, Dublin.

2. LANDSLIDES

2.1 Landslide hazard
France
Virtually all types of landslide are represented in France. They are unequally distributed: 75% of
French departments have less than 5% of their surface affected, the main landsliding being concen
trated principally in the Alps and, to a lesser degree, in the Pyrenees and Corsica (Flageollet, 1989). A
symposium on "Large-scale Slope Movements" was held in June, 1991, at Nainville-les-Roches to
make a critical review of the then state of knowledge about large Alpine landslides which pose a major
threat to life and property (Weber, 1992). The large slides (more than 50 million cubic metres in vol
ume) at La Clapiere (Fig. 1) and Sechilienne were chosen for detailed discussion. Also in the Alps,
hazards are generated by the formation of landslide dams which may (Bourg d'Oisans) or may not (La
Madeleine, plaine de Bonneval) rupture (Rat, 1992). There are also significant landslides on the coasts
of France, for example, falls from the extensive chalk cliffs on the Channel coasts and rotational land
slides in marly or clayey formations in Normandy and near Biarritz. An important submarine land
slide, affecting the coastal zone, took place offshore from Nice during recent extensions to the airport.

United Kingdom
In the United Kingdom, landslide problems tend naturally to be less acute than in the more mountain
ous France. Most landslide types are represented, however. On the coast, serious slides (Fig. 2), top
ples (Fig. 3) and rapid retreat occur currently in response to strong marine erosion, and major relict
landslides (Fig. 4) are also found. Inland, the legacy of Pleistocene glacial and periglacial conditions
has left much of the country mantled by relict slides (Fig. 5) and solifluction sheets. Reactivation of
these pre-existing slides by human activity is increasingly common. Submarine slides are present in
some of the offshore oil and gas fields, particularly off the west coast of Scotland. Tsunamis caused by
submarine landsliding are rare: The most serious known is that caused by the Storegga slide, off the
Norwegian west coast, about 7,000 years ago (Bugge, et al., 1988), which generated waves up to 10 m
high in northern Scotland and 19 m in Shetland (e.g. Long, et al., 1989).
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In 1984-87, the DETR (then the DOE) commissioned a project entitled "Review of Research on Land
sliding in Great Britain". This produced a data-bank of information on 8,835 published landslides (Fig.
6), naturally only a small fraction of the total number of unpublished ones, which has been followed
up by a useful review by Jones and Lee (1994). Inland the most intensive landsliding, consisting pre
dominantly of renewals of movement in pre-existing, commonly relict periglacial landslides, occurs in
the South Wales coalfield, the Pennines, the Weald and on the central and south-western Jurassic
scarps. Late-glacial river diversions, such as that of the Severn, also give rise to significant landslid
ing in clayey strata. Hazards, discussed below, have also arisen from rapid flow slides from man
made tips of waste debris. Erosion is strongest on the coasts, where the main incidence of landsliding
is in the softer rocks of the south and east. However, there are also large coastal landslides in Antrim,
Northern Ireland (Fig. 4), and in and near the Isle of Skye in the Inner Hebrides, where argillaceous
beds are overlain by Tertiary basalts. In the Scottish Highlands, numerous major Post-glacial rock
slope failures have occurred. As shown by Fig. 7, the incidence of these is intimately related to the
extent of the Loch Lomond stadial, the last glacial advance in the area, occurring between about
11,500 and 10, 800 years before present. This suggests that the failures are the result of a delayed re
sponse to the associated glacial erosion and stress relief (Smith, 1984).
Through its Planning Research Programme, the DETR has funded a number of studies on landslides,
concerned chiefly with landslide hazard mapping in areas of the South Wales coalfield and in the Isle
of Wight Undercliff, a large, fairly heavily populated coastal landslide. These are discussed below.
Ireland

The coast of Ireland is cut chiefly in hard rocks or drift and major landslips are rare (Stephens, 1970).
Inland, the best-known landslides are bog bursts. These occur in ombrogenous mires in the rainy
mountainous areas. That of December, 1896, in Kerry released nearly 5 million cubic metres of semi
fluid peat (Praeger and Sollas, 1897).

2.2 Landslide consequences
France

On the coast, property and infrastructure are damaged from time to time by landslides, e.g. at Cirque
des Graves, Pays d'Auge in 1982 (Flageollet, 1989), and chalk flows also occur on the cliffs of soft
chalk in north-west France (Fig. 8) (Hutchinson, in press,a). Inland, outside the Alps, many regions in
NE and SW France and in the Jura Mountains contain marly sequences of strata, which are prone to
landsliding. Damage (not normally life-threatening) often results from the reactivation of pre-existing
slides, commonly by earthworks, e.g. at Salledes, Puy-de-Dome (Blondeau et al., 1983) . The current
major, potentially life-threatening natural landslides are concentrated in the Alps and are carefully
monitored, as are a number of landslide dams. The submarine slide near Nice, noted above, caused one
death and considerable damage to a runway under construction.
While no statistical data are kept, it is estimated that generally about 10 landslide-related deaths occur
annually in France. Exceptionally, the catastrophic debris flow of Plateau d'Assy in 1970 caused 71
deaths in a children's sanatorium (Flageollet, 1989) and the flood wave from the Malpasset Dam fail
ure in 1959, brought about by instability of its left abutment, killed 424 people in the town of Frejus
(Londe, 1987). The annual costs related to landsliding are not known; they are estimated to be more
than 500 million francs ( c. 100 million euros) per year (J.-L. Durville, pers. comm.).
United Kingdom

The most serious financial losses (direct losses and delays to completion) through landsliding in the
United Kingdom, probably amounting to tens of millions of pounds per year, arise through the
reactivation of chiefly pre-existing landslides by human activity, through earthworks (Fig. 9) or be
cause of groundwater recharge. One of the more important of these failures was the sliding of the
Carsington earth dam, during construction, in 1984 (Skempton, 1988). This failure was partly the re-
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sult of sliding on relict periglacial solifluction shears. The direct cost of rebuilding this dam was of the
order of 20 million pounds. Along with other ground-related problems, the above circumstances
prompted the Institution of Civil Engineers' Ground Board to establish a Site Investigation Steering
Group to examine and report upon the situation. The resultant report, entitled "Inadequate site investi
gation", was published in 1971 (ICE, 1991).
The number of deaths caused annually through landsliding in the United Kingdom is normally fairly
low (between 1 and 2). Tragically, however, in 1966, a man-made disaster occurred in which 144
people, mostly children under 10 years old, were killed when a flow slide from a tip of coal-mine
waste at Aberfan, South Wales, buried a school and entered the town (Fig. 10) (Bishop et al., 1969).
Similar flow slides, fortunately causing no fatalities so far, have also taken place from tips of quartz
sand waste from China Clay mining, from tips of limestone waste and from fly ash tips (Bishop, 1973;
Hutchinson, 1967). One death was caused in a Comish China Clay quarry in 1972 by a flow slide in
deeply weathered, kaolinised granite (Hutchinson, 1988). Following the Aberfan Disaster of 1966, the
risks from waste tips, particularly from coal mines, have been very greatly reduced by health and
safety legislation and resulting improved design and operating practices. Natural flow slides develop
ing from falls in chalk, termed chalk flows, have recently been recognised as a fairly common feature
of coastal cliffs of soft chalk in south-east England (Fig. 11) (as well as in France, Germany and Den
mark) (Hutchinson, in press, a). No casualties have so far been reported from these.
The long-term degradation of abandoned cliffs of stiff, fissured clay leads to slow retreat of the crest,
which can damage any buildings there. This process has been investigated for the London Clay at
Hadleigh, Essex (Fig. 12) (Hutchinson and Gostelow, 1976).
Delayed failures in road and railway cuttings in stiff, fissured clays are fairly common (Fig. 13). Par
ticularly in the London Clay, their study has led to important advances in geotechnics.
Ireland

Except for minor damage to roads and houses, the consequences of landsliding in Ireland appear to be
slight. The earlier danger of bog-bursts seems to be receding with the spread of peat digging and
drainage.

2.3 Risk assessment
Before landslide risk can be assessed, the landslide hazard has to be determined. Landslide hazard is
normally defined as the probability of a landslide of given magnitude, speed and run-out occurring
within a specified area and time period. The associated risk is the consequent injury and loss of life
and damage to property and infrastructure. Both direct and indirect losses and damage have to be con
sidered. For example, if the valley below Sechilienne were to be closed by a movement of the slide,
the economic losses to ski resorts like l'Alpe-d'Huez and others would be enormous (J.-L. Durville,
pers. comm.). In the present context, it is generally regional hazard and risk assessments that are of
interest which, because of time and cost restraints, normally have to be carried out without the benefit
of subsurface investigations and monitoring (Hutchinson, 1995a). The importance in such assessments
of a good data-base of past landslides and other relevant information cannot be over-estimated.
The relationship of hazard to risk is commonly expressed (Varnes et al., 1984) as:
Total risk, Rt = H x Ex V, where;
H = hazard, E = elements at risk and V

= vulnerability of these.

Landslide hazard assessments have been developed over the past three decades. Risk assessments fol
lowed later and are probably best developed in Hong Kong and Australia.
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2.3.1

Routines and methods

France
The approach to landslide hazard zonation in France has been primarily cartographic, employing topo
graphic and geological maps in combination with geomorphological mapping, supported by a good
data-base. This led to the production, for considerable parts of the country, of the ZERMOS, PER and
other maps mentioned above.
Notable features of the French work are the high quality of the data-base and the legal underpinning of
the results of the mapping, both with regard to adhering to the published boundaries and planning re
quirements and to the payment of compensation for severe landslide damage. A recent law allows the
French state to expropriate property which is threatened in the short-term (Besson, 1996).
Quantitative risk assessment appears to be in its early stages. A guide to available methodology is
under preparation by the CFGI (Comite francais de Geologie de l'Ingenieur).

United Kingdom
In the United Kingdom considerably less landslide hazard mapping has been done than in France. The
approach has again been largely cartographic (topographic, geological and geomorphological) com
bined with a data-base, sometimes supplemented by factor mapping (described below) for particularly
the as yet unslid areas. Good practice is encouraged by guidance and information rather than through
legal force (e.g. DOE, 1996).
In most cases, the methodology consists of identifying the existing slides, assessing the potential for
their reactivation either naturally or by man and producing a hazard map, usually with no more than a
relative ranking of the areas concerned (M. Lee, pers. comm.).
A more detailed methodology of landslide hazard assessment is well illustrated by work done in the
South Wales coalfield, as the result of intitiatives taken by the Welsh Office and the then DOE (Siddle
et al., 1991). Initially 16 factors considered to influence landsliding were considered. Twelve of these
were subjected to univariate analysis to determine their individual degrees of association (ratings) with
the existing landslides.The four factors with the strongest ratings were found to be: slope angle (RS)
(always to be used with caution, as the relationship between slope angle and degree of stability is not
always simple), superficial deposit type (RD), superficial deposit thickness (RT) and groundwater
potential (RG). It was found that the remaining, lowly rated factors could be omitted without signifi
cant effect. Guided by statistical treatments (Jennings et al., 1991), various empirical weightings and
combinations of these four remaining factors were tried until an optimum algorithm for an empirical
index ofland instability, which was termed "Landslip Potential", was arrived at, i.e.
LP = RS (RD+ RT+ RG)/300
These relationships are, of course, valid only for the particular area studied.
A slightly different approach is illustrated by the work on the Undercliff (Fig. 14), a large coastal
landslide on the south coast of the Isle of Wight (Lee et al., 1991). There virtually the whole of the
mapped area, on which over 7,000 people live, consists of earlier landslides. The methodology in
volved a study of all available records of movement, detailed geomorphological mapping and surveys
of geology, land use and damage to the existing buildings and infrastructure, with the aim of defining
zones of differing slide activity within the overall landslide complex. Further examples of current ap
proaches to the assessment of landslide hazard and to landslide management on the English coasts are
provided by Grainger and Kalaugher (1988) for Devon, Lee et al. (1998) for Scarborough and Shail et
al. (1998) for Cornwall.
In cases like the Undercliff of the Isle of Wight, when virtually the whole of the area to be assessed
consists of former landslides, it is pointed out by Hutchinson (1995b) that the planning and socio-

98

AppendixA1

economic needs of the area can be largely met by a landslide map alone, preferably subdivided by
degrees of slide activity.
Models of run-out of landslides have been developed by Hutchinson (1986) for flow slides (based
upon Aberfan) and by Kilburn and Sorensen (1998) for sturzstroms. Empirical relationships can also
be useful: one relating the run-out of chalk flows in Kent to their debris volume is given by
Hutchinson (1995a).
Making a hazard assessment is probably the hardest part of carrying out a landslide risk assessment.
Converting this to a quantitative risk assessment requires a sort of physical accountancy. This process
is again much aided by a good data-base concerning the number and disposition of the elements at risk
(not easily established for the human population, which is usually in flux) and the vulnerability of
these to the hazard. Such work appears to be in its infancy in the United Kingdom.
Ireland

I am not aware of any landslide hazard or landslide risk assessments carried out in Ireland.

~;3.2

Presentation

Presentation of the results should be designed to fit the requirements of the generally non-technical
end-user.
France

The earlier 1:25,000 ZERMOS landslide hazard maps were superseded by plans known as PES, then
subsequently by plans termed PER (both defined above), and now by PPR (Plans de prevention des
risques - law number 95-101 of February 2nd, 1995) (P. Antoine, pers. comm.). The colours white,
blue and red are used to indicate the different degrees of hazard. For the PER of Saint-Hilaire du Tou
vet (Besson, 1996), for example, these are defined as:
1. White zones: not vulnerable to landsliding - building is generally permitted
without special regulations.
2. Blue zones: moderately vulnerable to landsliding - building is permitted
only if special regulations are adhered to.
3. Red zones: very vulnerable to landsliding - no building is allowed.
The documents present in a PER are very similar to those in a PPR (P. Antoine, pers. comm.). They
are;
- a location map of the natural phenomena, known from the historical data
or from geomorphological mapping,
- a hazard (alea) map, synthesising the above phenomena and expressing
the probability of occurrence of the hazards as high, medium or low,
- a regulatory zoning map, using the three colours described above, which
has legal force.
The scale of these documents ranges between 1:5,000 and 1:25,000, according to their aims and to the
size of the area considered. These will cover floods, landslides and avalanches and should be pub
lished in the year 2000, as "2000 PPR".
United Kingdom

County atlases for England, Scotland and Wales at 1:250,000 scale, derived from the National Land
slide Database, provide a preliminary indication of the presence of instabilities. Landslips are also
shown on the more recent 1:50,000 geological maps.
In their detailed work in the South Wales coalfield, involving an area of 100 km2, Siddle et al. (1991)
presented their results on a map of 1: 10,000 scale. The resultant "landslip potential" was eventually
simplified to the following four categories:
1. Areas with little landslip potential.
2. Areas with some landslip potential.
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3. Areas of dormant landslip.
4. Areas of active landslip.
Appropriately, a rather larger scale of 1:2,500 is used for the various maps of the Isle of Wight Under
cliff (Lee et al., 1991), which measures in total approximately 13 km by less than 1 km (Fig. 14). The
Simplified Planning Guidance Map has the following four categories:
1. Areas likely to be suitable for development.
2. Areas likely to be subject to significant constraints for development.
3. Areas most unsuitable for development.
4. Areas which may or may not be suitable for development.
Apart from the specialised landslide studies, there has been a general programme of "Earth Science
Mapping" of certain areas of the UK at a scale of 1:25,000. Slope stability is usually included (e.g.
Doornkamp, et al., 1988). This work was initiated by the then DOE and carried out mainly by the
British Geological Survey.

Ireland
No such presentations are known of.

2.3.3

Accepted risk levels

Much work has been carried out on acceptable risk levels, initially in other areas than landslides,
such as chemical and structural engineering. Useful reviews of the application of the present ideas to
landslide risks generally are given by Fell (1994), Fell and Hartford (1997) and other papers in
"Landslide Risk Assessment" (D. M. Cruden and R. Fell, eds, 1997). Where landslide problems are
sufficiently severe to cause a number of deaths annually, observations and recommendations may con
veniently be shown on an FIN plot. This demonstrates, on log/log scales, the relationship between F,
the frequency of accidents with Nor more fatalities (or other consequence) per year, and N, the num
ber of fatalities (or other consequence). The societally acceptable criteria vary with the type of acci
dent and the nature of the society. For Hong Kong, for example, the Hong Kong Government Planning
Department (1994) presents as acceptable a region on such a plot bounded by F = 10-5 (per year), N =
1 and F = 10- 8, N = 1000, and F = 10 - 9, N = 1000.

France
The topic of the accepted risk level is much discussed, particularly with regard to the dilemma that
while a "zero risk" situation is clearly unattainable, the authorities or the geologist/geotechnician con
cerned may be held responsible if injuries or fatalities occur (J.-L. Durville, pers. comm.).

United Kingdom
In the United Kingdom, where annual landslide fatalities are very low and sometimes zero, FIN plots
are hardly applicable (M. Lee. pers. comm.).

2.4

Warning Systems

Warning systems can be based on 1) the forecasting of the location and timing of an external trigger,
such as meteorological factors or an earthquake, or on 2) the monitoring of pre-failure phenomena on
or within the potential sliding mass. Both these approaches, involving the monitoring of meteorologi
cal conditions and landslide movement, have been usefully combined in the management of the
coastal landslide complex at Ventnor, Isle of Wight (Clark, et al., 1996 b). However, the second ap
proach seems to be most commonly used. This may itself be subdivided into the monitoring of surface
and/or sub-surface movements (with survey markers, GPS, extensometers, tiltmeters, electrolevels,
inclinometers, etc.), the monitoring of groundwater pressures (with piezometers) or earth pressures
(with earth pressure cells), and the monitoring of micro-seismic emissions (with geophones). A third
type of warning is actuated after the initial failure has occurred. An example is the stretching of wires
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across the tracks of debris flows: these are broken by the passage of the debris. Alternatively, pressure
sensors may be placed beneath the bed of the debris flow track. In neither of these cases is much
warnmg given.
Of the above approaches, the monitoring of surface movements of a developing landslide is probably
the most promising and the most used. The underlying assumption is that slow, pre-failure downslope
movements occur which increase in a more-or-less regular manner (usually referred to as primary,
secondary and tertiary creep) towards the moment of failure. In such cases, various empirical methods
are available of extrapolating the developing creep curve to give a conjecture of the eventual time of
failure. It is particularly helpful to plot the reciprocal of slide movements against time (Fuku
zono, 1990; Hutchinson, in press b)). Many successes are in open-pit mines, where there is a well
defined, local problem, excellent exposure, an ability to monitor intensively and continuously with
appropriate expert staff and a well-defined and disciplined number of people at risk. A major technical
problem exists, however, in that incipent slides do not always develop in this monotonic manner. The
movements may increase, then decrease and even come to a halt and the slope may then fail at a
smaller rates of displacement than it had previously safely survived.
In addition, even if the technical assessment of imminent failure is correct, the responsible authorities
may not have in place the necessary administrative procedures and judgement to enable them to take
appropriate action on receipt of warnings and to communicate decisions in a safe and effective manner
to the affected public. While landslide warning systems and the necessary associated socio-political
arrangements should undoubtedly be further researched and developed, past experience indicates that,
at present, such systems frequently do not operate effectively in their totality. They should certainly
not be used as an alternative to proper planning, treatment and management of landslide-threatened
terrain (Hutchinson, in press, b ).
Some comments on warning systems in the relevant countries are given below.

France
Reviews and comments on French practice in this regard are given by Rochet (1992), Durville (1992)
and Flageollet (1989). More recently, an excellent summary of techniques and methods of monitoring
and assessing unstable slopes is provided by the Labaoratoire Central des Ponts et Chaussees (1994).
Of particular interest are the high quality observations of the movements of the landslide of La
Clapiere, Saint-Etienne-de-Tinee, which show a general increase in the rate of movement up to a peak
of over 100 mm/day in the late summer of 1987, from when they decreased to around 20 to 30
mm/day in the period 1990 to 1992. The difficulty of using this approach to estimate a time of failure
for this landslide is illustrated by the earlier attempt by Vibert (1987), reported by Flageollet (1989),
which predicted on the basis of movement observations up to mid-1986 a critical displacement veloc
ity of 45 mm/day and a failure date, not yet realised, in 1988/89. The cost of monitoring a large land
slide like La Clapiere or Sechilienne is of the order of 100 to 200 thousand euros per year.

United Kingdom
A variety of methods of forecasting landslide failure have been tried. For example, an unsuccessful
attempt to predict a landslide in London Clay cliffs at Southend-on-Sea, Essex, through fairly frequent
observations of pore-water pressures in five piezometers, which were carried away by the slide, is
reported by Hutchinson (1995a; in press, b). Detailed recommendations for monitoring positive and
negative pore-water pressures in slopes in the tropics have been made by Anderson et al. (1997) and
are of relevance in the UK. Routine monitoring of the slow movements of the coastal landslide at
Folkestone Warren, Kent, has been carried out by British Rail since the 1950s, without being tested by
a failure. This length of railway is also protected by a system of taut wires positioned on the upslope
side of the tracks across the potential tracks of rock falls or other slides. This system actuates a stop
light in the event of being struck by debris. This has successfully prevented trains running into recent
rockfalls, although there have been some false alarms (G. Birch, pers. comm.). The interesting, very
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detailed results of the monitoring of an experimental slope in stiff-fissured Gault Clay brought artifi
cially to failure are reported by Cooper et al., (1998)
A recent review of UK practice for warning systems on coastal landslides, making use mainly of the
continuous monitoring of tiltmeters, crack meters, settlement cells, piezometers and GPS, is given by
Clark et al. (1996 b).Current techniques in monitoring landslide movements by GPS are discussed by
Allaway et al. (1998). Some success in giving warning of potentially dangerous movements seems to
have been achieved.
Ireland
No information

3.

AVALANCHES

France
Avalanche studies in France are dealt with in the CALAR report by Politecnico di Torino.

United Kingdom
The Scottish Avalanche Information Service of the Scottish Sports Council makes regular avalanche
forescasts for the mountain areas of the Northern Cairngorms, Lochaber and Glencoe. The Service is
in close contact with CEN ofMeteo France (M. Eric Martin) and EISLF of Davos (Dr Othmar Buser).
They participate in or encourage reseach at the Universities of Edinburgh, Heriot-Watt and Glasgow
(e.g. Purves et al., 1995; Purves and Sanderson, 1998).
Ireland
The avalanche hazard appear to be very small and no studies appear currently to be in progress.

4.

POSSIBLE CONNECTIONS

The small scale of research on avalanches in the regions considered means that little useful comment
can yet be made on possible connections between landslide and avalanche phenomena.

5.
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1.

INTRODUCTION

In Italy, risk assessment methods have been proposed by several authors. Most of them only deal with
some aspects of the hazard assessment process or with local conditions, and may therefore be applied
solely to specific landslide problems. This is due to the wide range of variations in morphology,
lithology and climatic conditions observed in Italy. CANUTI & CASAGLI (1994) proposed a
methodology for risk assessment based on several studies concerning experiences made in Europe, the
United States and Canada. Some aspects of this methodology (including hazard) have been applied to
real cases of hazard assessment in Italy. The methodology proposed by CANUTI & CASAGLI is of
general application and does not only refer to risk assessment in soft soil. In the following discussion,
reference will be made to the aspects of this methodology more suitable for the evaluation of
landslides in soft soil.

2.

RESPONSIBLE BODIES

2.1

Authorities

In Italy, the task of nation-wide co-ordination is entrusted to the National Geological Service, which is
an organisation of the Technical Service of the Chair of the Council of Ministers.
The regional authorities play a basic role, in terms of law-making and territorial management. Each
region is responsible for the application of national provisions on territorial management through laws
that differ from region to another. In Piedmont, for instance, this is done through the technical services
of a Head Office.
For the interventions on landslides there is also a regional Public Works Sector.
Furthermore, the regions can rely on a Civil Protection Service for the Forecasting and Prevention of
landslide risks, which reports to a national co-ordination authority.

2.2

Research organisations

Universities, Politecnico di Torino and Politecnico di Milano, CNR (National Research Center, with
offices all over Italy), ENEL-CRIS (Research Center of the Italian Association for the production of
electric energy, with headquarters in Milan).

2.3

End users

Local authorities (Communes).

3.

HAZARD ASSESSMENT

Hazard evaluation consists of the characterisation of the unpredictability of an instability phenomenon
of specified characteristics. This assessment is generally complex and requires the quantification, in
space and time, of the probability of occurrence of the event.
In particular, a complete evaluation of hazard involves the following steps (Hartlen & Viberg, 1988):
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e
e

e
e

Space forecast: predicting where a landslide may occur, within a certain area;
Time forecasting: predicting when a specific instability phenomenon may take place in a specified
slope;
Intensity forecast: predicting the velocity, extent or energy of the phenomenon;
Evolution forecast: predicting the distance of propagation, the limits ofretrogression or lateral ex
pansion.

3.1

Space forecast

The space forecast consists of the assessment of the relative hazard, i.e., an estimate of the degree of
hazard of a slope with respect to another, without expressing the probability of occurrence of instabil
ity phenomena in absolute terms and in time. The prediction of future phenomena is frequently based
on the record of past and present instability phenomena, so those space forecasts may indirectly supply
qualitative indications on the probability of occurrence.
The degree of relative hazard of slopes can be evaluated and expressed according to different criteria;
the ones most commonly employed can be grouped into the following categories:
e

e

e

e

e

e

e

Empirical assessment: by which the territory is subdivided into zones according to a subjective
evaluation of the susceptibility to instability of the slopes on the basis of the data collected through
the inventory of landslides and thematic maps.
Effect indexes: the analysis of the distribution of past and present instability phenomena is used as
a basis for the prediction of future phenomena, through the definition of landslide area percentages
by individual lithologies (or other themes).
Cause indexes: weights are assigned to different classes of instability factors and their combina
tions, so as to obtain relative hazard indexes.
Statistical analysis: instability factors are integrated through multivariate statistical analyses; in this
case too, relative hazard indexes are obtained.
Morphometric analysis; a comparison between the height and inclination of stable slopes and
slopes affected by instability phenomena makes it possible to obtain indications on relative hazard
levels within the framework ofhomogenous lithologic units.
Deterministic analysis: relative hazard is expressed as a safety factor obtained by limit equilibrium
method analyses.
Probabilistic (or reliability) analysis: makes it possible to obviate the uncertainty involved in the
determination of some of the parameters necessary for stability analysis by taking into account the
stochastic variables so as obtain probability distributions of the safety factor.

3.1.1

Empirical assessment

The landslide inventory map supplies a basis for space and type forecasts of instability phenomena and
makes it possible to identify the phenomena, which might be reactivated. The next step is the subdivi
sion into zones of the slopes currently not affected by instability phenomena, so as to extend the fore
casting process to first generation landslides that are generally more destructive (i.e., of greater inten
sity).
There are many examples of maps of the susceptibility to instability of slopes produced on an essen
tially geological or geomorphologic basis.
In Italy, the assessment of the susceptibility of slopes to instability was used, for instance, by NARDI
et al. (1987) for the production of a set of "instability maps" on a 1: 10,000 scale in some seismic areas
of northern Tuscany, within the framework of the National Group for Defence against Earthquakes
(GNDT) of the National Research Centre. The hazard classes defined on the basis of geomorphologic,
geological and topographic elements are:
e

unstable or high hazard level areas, characterised by the presence of active or dormant landslides;
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• areas with high potential instability due to their morphological characteristics and morphological
signs of instability;
• potentially unstable areas on account of their lithological characteristics;
• areas of medium stability with sporadic and local signs of instability;
• stable areas, corresponding to valley floor and level zones.
A subjective assessment of the relative importance of the different instability factors, supplemented
with the data of the landslide inventory map, is the foundation of the methodology adopted by the
PROVINCE OF MODENA & GNDCI U.O.2.9 (1994), within the framework of the SCAI (Study of
Unstable Inhabited Centres), for the production of hazard maps in inhabited centres. Six classes of
hazard are identified, which are associated with the values of relative probability of the occurrence of
landslides (taken to be 1 for soils affected by active landslides; 0 for soils with no landslides with
lithological and geomorphological conditions prone to stability).

3.1.2

Effect indexes

An estimate of relative probability can be supplied by the analysis of the distribution of existing phe
nomena. In some cases, in fact, most of the instability events represent a reactivation of pre-existing
phenomena, whilst the instances of new formation are rare.
Instead of relaying on a subjective interpretation of the inventory map, the subdivision into zones by
hazard levels can be worked out from the determination, for each geological unit or sub-unit, of the
percentage area affected by landslide phenomena. This methodology is objective and can be repeated
by different operators.
This methodology was adopted by CANUTI et al. (1985a) and DE GRAFF & CANUTI (1988) for the
analysis of slope stability in the marine deposit of the Pliocene in Tuscany.
A more complete methodology for the analysis of distribution of landslide areas, which also includes
information on the possible causes of slope movements, was proposed by BOSI (1978) and BOSI et al
(1985).

3.1.3

Cause Indexes

The methods of subdivision into zones most frequently employed in geomorphological literature are
based on the quantitative or semi-quantitative integration of theme maps concerning the different fac
tors of instability.
In Italy, the best known expression of these methods was proposed by AMADESI et al (1977) and
AMADESI & VIANELLO (1978) and was adopted by the Emilia-Romagna Region to produce a
"map of the propensity to hydrogeologic disruption". The method takes into consideration four
themes: lithology (subdivided into 10 classes), inclination of the slopes (5 classes), structure and dip (9
classes) and use of the soil (4 classes). Each class is assigned a weight expressing its influence on sta
bility. From the algebraic sum of the weights relating to the four themes, subdivision into zones as a
function of slope stability is obtained. Suitable corrections and adjustments are then performed
through a comparison with the geomorphological, seismic and climatic elements present in the area.
Cause analysis is conducted through the editing of basic theme maps of the factors in question (e.g.,
maps concerning slope inclination, hydrogeologic conditions, use of soil, etc.). In parallel with the
analysis of the causes, the analysis of the effects is also conducted, through geomorphological studies,
which describe the shapes and processes and attempt a reconstruction of the chronology and state of
activity of the phenomena. From the interpretation of the basic geomorphological map, a map of the
effects of slope instability is obtained, taking into account only the most hazardous elements.
By assigning a tentative weight to each class of factors a summary map is obtained, which is then
compared with the effects map. Then the weights are continuously adjusted through an iterative
comparison between causes and effects, so as to obtain a congruence between the weights assigned
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and the effects observed. At this point, the summary map of factors can be employed directly for the
determination of hazard levels.

3.1.4

Statistical analysis

Through a multivariate statistical analysis of morphological, geological, hydrogeologic, vegetation and
hydrologic indexes, it is possible to obtain models for the subdivision into relative hazard zones.
The works of greatest interest, in terms of methodological rigor and detail level, are those by
CARRARA (1983, 1984) and CARRARA et al. (1982, 1985, and 1991), in which numerous geomor
phological instability indexes are subjected to a discriminating analysis.
The Italian national Geological Service has proposed the use of statistical methods for the production
of hazard maps on a 1:50,000 scale (AMANTI et al., 1992) and have worked out the following work
ing scheme:
• subdividing the territory into homogeneous elementary domains, delimited by geometric bounda
ries (cells) or morphological ones (sub-basins, slopes);
• assigning a parameter, as objectively as possible, to each slope instability factor;
• cartographic representation of the classes of values assumed by each factor within each elementary
domain, in which the territory has been subdivided (zones);
• definition of multivariate statistical models able to account for the distribution of landslides.
The guidelines of the national Geological Sector also take into account the time factor, through an
analysis of the frequency of occurrence of the phenomena and extreme seismic or meteorological
events; as a result, the hazard map obtained is not limited to space forecasts, but supplies a complete
picture of hazard conditions.

3.1.5

Morphometric analysis

The idea of analysing the relationship between the dip of the slope and the presence of active land
slides within homogeneous lithological domains in order to work out the slope thresholds for the de
termination of slope stability zones is the basis of the method proposed by LUCINJ (1969).
Within a homogenous lithological domain, the assessment of the relative stability of the slopes can be
obtained through a strictly morphometric approach by comparing the height and dip of stable slopes
with those of slopes affected by instability phenomena. In this manner, it is possible to obtain empiri
cal height vs. inclination curves marking the limit between stable and unstable slopes.
The search for slope thresholds, or slope height-dip relationships can also be supported by geotechni
cal considerations of a deterministic nature. A first basic distinction must be made between slopes
affected by present or past landslides, which might be reactivated, and slopes in which newly formed
landslides may be generated.
Such deterministic analyses however should not replace, but rather supplement, and verify the results
of, morphometric studies. An example of the application of morphometric analysis in conjunction with
geotechnical analysis concerns the area of Certaldo, near Florence (BERTOCCI et al. 1994).

3.1.6

Deterministic analysis

Purely deterministic methods are based on the calculation of the safety factor to be adopted for a slope
through analyses of stability to limit equilibrium. In general, considering the most conservative condi
tions (exceptional rainfall, considerable piezometric height, and seismic shocks) performs the compu
tation.
A purely deterministic analysis of hazard can be performed only for individual slopes or areas of lim
ited extension if one has a thorough knowledge of the geotechnical conditions.
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The safety factor makes it possible to assess the degree of stability of the slope and to make an objec
tive comparison between the stability of different slopes. At all events, it does not make it possible to
estimate the probability of occurrence of the movement. A distinction between "stable" and "unstable"
slopes can be made in Italy by considering the value of the safety factor to be the same as specified by
geotechnical standards for artificial excavation fronts, i.e.: 1.3.

3.1.7

Probabilistic analysis

To obviate the problems associated with the uncertainty in the attribution of values to the parameters
necessary for the deterministic analyses, probabilistic or "reliability" analyses can be performed, in
which a certain number of parameters, associated with the highest degree of uncertainty, are handled
as random variables. Probabilistic methods are widely employed in stability analysis of rock slopes for
which the determination of some parameters, such as, for instance, water pressure in the discontinui
ties, proves particularly difficult.
Examples of the subdivision into zones of slopes on the basis of Probabilistic analyses have been pro
posed by GENEVOIS & TECCA (1987) and GENEVOIS et al (1987), who have produced "maps of
the probability of rock slides".

3.2 Time forecasts
A time forecast of hazard essentially consists of the definition of the probability of occurrence of in
stability phenomena. Unlike space forecasts, which supply indications on the relative hazard of the
various slopes, a time forecast supplies of absolute hazard.
Let us define P as the probability of occurrence of an instability phenomenon of certain intensity
within a year's time. The return time, T, of the event is given by 1/P. Hazard, H, defined as the prob
ability of occurrence of the event over a period of N years is given by expression of the following bi
nomial distribution

H(N) = 1-(1-P)N = 1-(I-½t

(3.1)

for events that are rare with respect to the number of years taken into consideration, i.e., ifN << T, the
expression reduces to:
(3.2)

H(N):NP=1½

The probability of occurrence can be determined either in absolute terms (annual probability or return
times) or on the basis of nominal scales (e.g. very likely, not likely, etc.) In this connection, it should
be noted that it often proves difficult to associate a given probability value with an intuitive assess
ment of a degree of hazard. A first contribution for the interpretation of the recurrence of the
reactivation of slow moving landslides was proposed by DEL PRETE et al (1992).
The criteria most commonly adopted in the formulation of time forecasts are:
• empirical estimate;
analysis of time series relative to the effects: the analysis of temporal series of movements makes it
possible to establish directly the return times of instability phenomena;
e analysis of time series relative to the causes: the correlation between landslide events and natural
phenomena (rain, earthquakes, etc.) of which we have systematic measurements over time makes it
possible to estimate the return times of the movements;
• monitoring: the instrumental observation of the piezometric levels or the deformations in individual
instability phenomena makes it possible to predict slope movements through a comparison with
pre-determined thresholds or behaviour models.

e
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3.2.1 Empirical estimate

The recurrence of instability phenomena can be estimated subjectively on the basis of the general
information on landsliding available for a given zone. For a quantitative evaluation of hazard, to be
used in risk determination, it is advisable to try and quantify in terms of probability the available data
on the incidence of the phenomena, even when the data are scanty.
3.2.2 Analysis of time series relative to the effects

Historical analysis is one of the most effective tools to obtain information on the recurrence of the
movements of an instability phenomenon. For some landslides, in fact, it is possible to determine the
exact date of reactivation on the basis of documents or first accounts given by the population.
The annual frequency f (N) of instability phenomena over a period of N years is given by the ratio
between the number of event n and the number of years N taken into consideration. If N is long
enough, f (N) represents an estimate of the probability of annual occurrence, P, which makes it possi
ble to determine the hazard value by means of eq. (3.1).
DEL PRETE et al. (1992) have collected detailed data on the instances of reactivation of slow moving
intermittent landslides occurring in inhabited centers of Basilicata; such data were processed so as to
produce hazard maps and, at a second stage, risk maps, through the analysis of the elements at risk.
3.2.3 Analysis of time series relative to the causes

When the data on the chronology of the movements are not sufficient for a direct estimate of return
times, we resort to the analysis of natural phenomena of which we have systematic measurements
through time and which may be in some way correlated to the triggering of instability phenomena.
For probability assessment, it is essential to be able to recognise the triggering causes of the different
types of instability phenomena in a region. The most common triggering causes are: precipitation's,
anthropic activities and, secondarily, erosion and seismic movements.
The problems posed by hazard assessment in connection with anthropic activities do not concern the
forecasting stage, but rather the stage of prevention, and should be analyses at the stage of territorial
planning and risk management.

Precipitation's
Precipitations should be viewed as the primary factor triggering landslides. In the literature we find
many studies investigating the relationship between precipitation's and instability phenomena. In Italy,
rainfall data can be readily acquired thanks to the presence of many meteorological stations throughout
the territory; for this reason, it proves possible to make use of rainfall data both at the predictive stage,
when assessing hazard, and at the stage of prevention, for the realisation of alarm systems for risk
mitigation.
The problem of defining the so-called "rainfall thresholds" is compounded by the complex correlation
between inflow, effective infiltration and pore pressure response. The approaches commonly adopted
can be summarized as follows:
• statistical or empirical models: aimed at identifying a direct correlation between amount of rainfall,
over a given time interval, and landslide triggering, without going into the physical laws governing
the inflow - infiltration - piezometric response transformations.
• deterministic models: these use hydrologic models to predict the different components of the water
balance of a slope (inflow - outflow - effective infiltration) and hydrogeologic models to predict the
relationship between piezometric height and underground water recharging. Theoretically, each
component of the models adopted should reflect the real physical laws governing the behaviour of
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underground water; in actual practice, given the complexity of the problem, different parts of these
models are founded on substantially empirical laws.
• mixed models: these combine the two foregoing strategies; for instance, underground water re
charging is forecast by means of a hydrologic model, whilst the piezometric response is statistically
correlated to recharging.
The definition of rainfall thresholds proves rather easy when dealing with first generation events in
medium-high permeability soils (shallow landslides and debris flows). Such soils, in fact, are charac
terised by a fast response to pore pressures; accordingly, short-lasting rainfalls of great intensity influ
ence instability phenomena. The values of the function, on which we should base the statistical analy
sis to define return times, may therefore be taken to correspond to the maximum precipitation heights
over 1, 2, 3, 6, 12 h as given in the Annals of the Hydrologic Service. Various authors, including
GOVI & SORZANA, 1980; CANCELLI & NOVA, 1985, proposed relationships between the dura
tion, and intensity of rainfall.
Hence, through the construction of climatic possibility curves, a return time is associated with the in
tensity vs. duration curve worked out on the basis oflandslide records for a specified region.
Since the number of significant days of rainfall is not known a priori, CASCINI & VERSACE (1986,
1988) suggested working out the critical thresholds on the basis of a statistical analysis of the annual
peaks of rain cumulated over n consecutive days, so as to select the value of n corresponding to the
best threshold.
A similar approach was adopted by CANUTI et al. (1985b) and CAPECCHI & FOCARDI (1988) who
took into account, instead of cumulative rain, an "index of precipitation" defined as:

l
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where:
=height in mm of rainfall on the i-th days;
Yo =normalisation factor corresponding, in the original study by CANUTI et al. (1985b), to maximum
rainfall with a pre-determined duration and return time, which, however, can be made to corre
spond to the "critical threshold";
;/,=coefficient lower than 1, which is a function of the draining capacity of the soil and the hydrogeologic conditions in the area;
n=number of days over which meteoric events are deemed significant for instability.
xi

The use of this normalised index makes it possible to take into account the effects of previous rainfall
with a weight decreasing as a function of the time elapsed between the meteoric event and the occur
rence of the landslide.
3.2.4 Monitoring

The forecast of instability phenomena based on monitoring surely supplies the most detailed and most
reliable information. However, it is technically complex and very costly. It can be applied to special
situations, generally associated with high economic risks, where the benefits to be gathered in terms of
prevention may justify the costs to be incurred.
There are two main approaches to the analysis of hazard through monitoring one of a mechanical and
another of a kinematics nature.
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Mechanical approach
The forecast of the movements of a mass of terrain or a potential instability phenomenon occurrence
can take place, theoretically, by monitoring each of the parameters, characterised by time variability,
that play a role in the definition of the safety factor, and namely:
•
•
•
•

pore pressures;
morphology of the slope;
mechanical properties of the soils,
applied loads.

In actual practice, the parameter characterised by the greatest uncertainty and the greatest variability in
time is pore pressures and hence the mechanical approach is generally based on piezometric measure
ments.
As a rule, limited periods of piezometric observations are used (one - two years) to obtain the
correlation's between meteoric inflow and ground water oscillations. On the basis of such
correlation's, the hazard forecast can be made through the statistical analysis of precipitation's, as
described previously. The estimated pore pressures can be used to calculate the safety factor, through
the limit equilibrium analysis. In this manner, it becomes possible to estimate the variations of the
safety factor in time and, through an analysis of annual extreme value, it is possible to associate a
return time with each value of the safety factor.

Kinematic approach
A more direct approach to the prediction of time of failure of a slope is based on the monitoring of
displacements, by means of topographic measurements with extensometers, or inclinometric
measurements. The analysis of strain conditions is generally difficult on account of the complexity of
the constitutive laws governing the mechanical behavior of natural materials. Though it is possible to
given a deterministic interpretation of deformations, on the basis of numerical models, it is often
convenient to refer to empirical procedures. Among the latter the model developed by VOIGHT
(1988) was proposed by a special commission for the prevention oflandslides and the preparation of
emergency plans, within the framework of the activities of the national Civil Protection Service
(PELLEGRINO et al., 1993).

3.3 Intensity forecasts
Even in the case of intensity forecasts, the result depends on the quantity and quality of the data
collected in the inventory of instability phenomena. The hazard level of the phenomena, i.e., their
probability of occurrence, should be diversified on the basis of intensity, to achieve a better estimate of
their consequences (risks).

3.4

Forecasting the evolution of a landslide

Evolution forecasts make it possible to identify the area, which may be involved, whether directly or
indirectly, by an instability phenomenon. This concept is similar to the notion of "hazard basin"
(DRM, 1990) defined by the zone that brings together the conditions underlying the instability mecha
nism. In the case of slides, the "hazard basin" is generally limited to the extension of the slope or a
portion thereof; in the case of "debris flows"; it often coincides with a true basin in the hydrographic
sense.
Evolution forecasts generally involve three steps, i.e., forecasting a) the distance of propagation, b)
the limits of retrogression, and c) lateral expansion.
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4.

VULNERABILITY ASSESSMENT

Vulnerability expresses the destructive effects produced on an element at risk and therefore it depends
both on the type of element in question and on the intensity of the instability phenomenon. In actual
practice, vulnerability expresses the link between the intensity of a phenomenon and its possible con
sequences.
In formal terms, vulnerability can be expressed as a conditional probability (EINSTEIN, 1988):

V

= P (damage \ event)

(4.1)

that is to say as the probability of the element at risk suffering a certain damage following the occur
rence of an instability phenomenon of a specified intensity. At the same time, vulnerability must in
clude a measure of the severity of the damage.
According to MORGAN et al (1992), the following product gives a complete assessment of vulner
ability:

V=V*V*V
S
T
L

(4.2)

Vs is the probability of impact in space, i.e., the probability of an element at risk being involved in the
landslide, if the latter occurs (e.g., probability of a fast debris flow hitting a specified building).
Vr is the probability of impact in time, expressing the variability in time of the attributes of an element
at risk (e.g. probability of a building being occupied when the landslide occurs).
V L is the probability of death of each occupant of the element, or the proportion of the value of the
element that may be lost.
These three quantities are expressed on a scale from Oto 1.
In addition to the intensity of the phenomenon and the type of element at risk, other variables, which
cannot be easily assigned a value, to do with the social organization of the region being examined
(P ANIZZA, 1988) are also involved in the definition of vulnerability. All other conditions being the
same, in fact, vulnerability will be smaller where prevention and emergency programs ate activated.
Vulnerability assessment can be based on statistical criteria, when we are dealing with repeatable and
frequent phenomena.
In general, however, the estimate of vulnerability is based on essentially subjective criteria. Many
operators implicitly include in this estimate an evaluation of the unpredictability of the phenomenon;
other, instead, include other implicit considerations concerning the value of the elements at risk.
Canuti & Casagli for a better evaluation of the parameters involved in the definition of risk, propose to
keep separate the notions of hazard, vulnerability, and value of the elements at risk.

4.1

Vulnerability of human lives

If the element at risk is human life, vulnerability can be expressed as the probability that, given the
occurrence of the instability phenomenon, we may have losses of life, people injured or homeless.
Thus, vulnerability is directly proportional to the population density of a zone at risk (FELL, 1994).
If the intensity of the phenomenon is expressed on the basis of displacement velocity, the limit beyond
which human life can be directly harmed (possibility of death or injuries) has been fixed by HUNGR
(1981) and MORGENSTERN (1985) at 1 m/s, corresponding to people's running speed. DEL PRETE
at al. (1992) propose halving this limit to take into account the inevitable delay in reacting to the
hazard and the most vulnerable parties (the aged, children, etc.).
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4.2

Vulnerability of man-made structures and activities

If the element at risk is an asset or the economic activities associated with it, vulnerability expresses
the percentage of the economic value that may be undermined by the occurrence of the instability phe
nomenon.
Depending on the level of detail at which we are working, it is possible to quantify the vulnerability of
the individual buildings or that of a homogenous area of utilisation of the territory.
If we are dealing with a single building, vulnerability is based on the estimate of damages. As a first
approximation, the damage can be a) aesthetic, b) functional, or c) structural.
A measure of the severity of damage is given by the investment necessary to restore the conditions
that preceded the event.
In terms of town and territorial planning, for instance at municipal level, it is impractical to take into
account the vulnerability of individual buildings. Accordingly, we may try to associate specified
damage percentages to homogenous zones of land utilization as a function of the intensity of the
phenomenon.

5.

RISK ASSESSMENT

The determination of risk, construed as total risk, uses a series of parameters relating to a set of socio
economic and geological-environmental factors whose evaluation often requires the collaboration of
experts from different disciplines (geologists, engineers, town planners, administrators, etc.). The three
different components of risk (hazard, vulnerability, and value of the elements at risk) may therefore be
determined to a different level of detail depending on the expertise of the operators and the informa
tion that can be collected in the territory.
In some cases it might be necessary to be satisfied with a summary of the information and to evaluate
(in lieu of total risk) the potential value of the losses or the specific risk involved.

5.1

Total risk

Total risk - for a specified element and a specified intensity of the phenomenon - can be determined as
the product of hazard, vulnerability and value of the element; as a result, total risk may be expressed
as:

R(I;E)

= H(I) * V(I;E) * W(E)

(5.1)

Where
E=
type of element at risk
I=
intensity
H=
hazard
V=
vulnerability
W=
economic value of the element at risk.
Different types of risk can be distinguished, depending on the element being considered:
e

e

e

risk associated with human lives: expressed by the expected number of the dead, injured and
homeless per year, or by their economic value;
risk associated with man-made properties: expressed by the expected number of damaged buildings
per year, or by the estimated expanse of land lost per year, or by the expected cost of the damages
incurred;
risk associated with economic activities: expressed by the estimated cost of the disruption of eco
nomic activities;
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• risk associated with goods of public interest: expressed by the expected cost of disruption to public
services and environmental assets.
By expressing all the foregoing quantities in monetary terms, it proves possible to define a global risk,
as given by the algebraic sum of the costs associated with each of the different components.

5.2

Specific risk

The specific risk, Rs, expresses the estimated degree of loss arising from a specified natural phenome
non of a specified intensity. For a specified type of element at risk, E, and a specified intensity, I, the
specific risk is the product of hazard x vulnerability and therefore can be expressed in terms of annual
probability.
Specific risk is a parameter mostly based on the characteristic of the instability phenomenon. Its de
termination is therefore generally entrusted to specialist technicians in the field of slope stability. From
the specific risk we can estimate the total risk on the basis of the data concerning the value of the ele
ments at risk (W) through the following relationship:

R(J;E)

= Rs (J;E) * W(E)

(5.2)

The determination of specific risk proves especially significant, in that it makes it possible to estimate
the consequences of landslides independently of the number and economic value of the elements at
risk.

5.3

Acceptable risk

The definition of acceptable risk thresholds is important for purposes of prevention and territorial
development planning tasks. It makes it possible to identify the prior interventions to be conducted and
to define the risk management criteria to be adopted. On the basis of the objective being pursued and
the data available, the acceptable risk thresholds can be defined either in terms of total risk or in terms
of specific risk.

5.3.1

Acceptable total risk

The definition of an acceptable total risk level is extremely complex, since, in addition to the prob
ability of the damage being incurred; it also depends on the overall picture of the elements at risk. On
the other hand, in many instances, it is essential to obtain the total risk, instead of just the specific risk.
For example, when we wish to identify an acceptable risk threshold for human life, public opinion
seems willing to accept higher probabilities of events with a small number of casualties, as opposed to
rarer events with many victims. In this case, the number of people exposed, defining the element at
risk, has a marked influence on the acceptability thresholds.
It proves even harder to define in advance the total risk levels to be used for the subdivision of the
territory into zones for purposes of land-use planning. The choice of such levels must necessarily be
made at local level, by taking into account the specific socio-economic conditions of each zone. This
diversification at local level, however, poses the problem of the impossibility of comparing "risk
maps" produced in different zones. To this end, it might be of use to outline general guidelines for the
choice of the risk zones to be employed case-by-case, for the subdivision into zones.
This concept inspired the instructions for the preparation of PER's in France, specifying a subdivision
of the territory into three risk classes (DRM, 1988):

RED ZONE: exposed to high intensity instability phenomena, with high likelihood of occurrence,
where protective methods cannot be employed and where human settlements are prohibited;
BLUE ZONE: exposed to moderate intensity instability phenomena, with modest likelihood of occur
rence, where protective measures can be adopted for the man-made structures existing before the pub
lication of Plan; these measures must not entail a cost of over 10% of the monetary value of the assets;
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WHITE ZONE: no foreseeable hazard, where no measures are to be adopted.
5.3.2

Acceptable specific risk

In some instances, specific risk can be used more easily than total risk in the definition of acceptable
risk thresholds.

On the basis of an interpretation of statistical data on the victims of accidents and disease, STARR
(1969) proposes a standard level of acceptable specific risk of Rs = 1o-6 per year. More recently, FELL
(1994), again on the basis of statistical data concerning accident casualties, pointed out that public
opinion seems to tolerate high risk levels (Rs = 10-2 to 10-4 per year) when people are exposed volun
tarily (e.g. road accidents, industrial or sports accidents), whilst it will accept much lower levels (Rs =
10-5 to 1o· 6 per year) when it comes to being exposed to involuntary risks.
In the case of landslides in natural slope, when the exposed population is aware of the risks, the toler
ance level is high, comparable to that of voluntary risk. In such situations, WHITMAN (1984) indi
cates an acceptable specific risk of 10-2 per year. FELL (1994) estimates an acceptable specific risk of
10-2 for damage to things and 10-3 for human lives. For artificial slopes, instead, the risk limits that
people are willing to accept are closer to those specified for involuntary risks (Rs = 10-5 per year).
Around this value, or even lower, should be the acceptable risk associated with natural landslides that
have undergone stabilization interventions.
Another consideration, associated with the concept of voluntary or involuntary risk, is that we should
distinguish between the specific risk that can be accepted by a single person in a zone exposed to land
slide hazard, as opposed to the risk that can be tolerated by the population as a whole. For instance,
according to the data supplied by the Ministry of Public Works (CATENACCI, 1992) it can be esti
mated that the global probability of death as a result of landslides in Italy, in the years from 19451990, was ea 10-6 per year per person. This figure is comparable with the acceptable involuntary spe
cific risk thresholds mentioned above. In landslide prone areas, however, the population will be ex
posed, with a greater or lesser degree of awareness, too much higher risk levels.
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SOUTHERN REGION
REGIONAL REPORT, AVALANCHES

Marco Cardo/a
Regione Piemonte, Settore Meteoidrografico
c/o CSI Piemonte, Corso U. Sovietica, 216, IT-IOI 34 Torino, Italy

1.

INTRODUCTION

Snow avalanches constitute one of the principal natural risks threatening the population, the buildings
and the roadways of the high valleys in the Alps. The avalanches forecasting and prevention in Italy,
France and Spain is carried out with similar methods of study, but with a different organisation of
research centers and administrative competences.

1.1

Definitions

Avalanche is a mass of snow - sometimes containing ice, water, soil, rock and trees - that slides down
a mountainside.
Avalanche risk is the product of three different factors:
• the probability that an avalanche take place in a certain area
• the probability of presence of people in such an area
• the size of the the avalanche to be expected, on which depends the importance of the damages.

Each of these factors can be affected by temporary defense measures, which should guarantee a resid
ual risk as low as possible.
Risk assessment includes inventory (survey mapping), field and laboratory investigations, analysis
and evaluation of hazards.
Warning systems include Monitoring systems and related evaluation methods.

1.2

Boundaries

The avalanche phenomenon usually interests the alpine valleys from the end of the autumn to spring
months (from november to june), depending on geographical position and altitude.
Depending on snowpack stability conditions, different goods and fields of human activity can be con
cerned by avalanche risk: mountain roadways and infrastructures, villages, outdoor winter activities
(ski mountaining and touring, out of runs skiing, alpinism).
Frequent and small avalanches concern mostly free-time activities; rare and great avalanches mostly
cause damages to roadways and villages.
Quantification procedures that can be used to describe the design-magnitude, long-return-period ava
lanche have many analogies in the geological and geotechnical fields, particularly in the hydrological
and meteorological sciences.
However, relatively few scientists have studied avalanches with the intent of quantifying their physical
characteristics. Few procedures exist that can be used to calculate velocities, impact pressure poten
tials or run-out distances, even though these are important elements in land-use plannin and engineer
mg.
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The snow-avalanche process is highly variable in terms of size, material properties and behavior.
Therefore, regardless of the supposed reliability and appropriateness of various analytical procedures,
a high level of precision about avalanche design parameters cannot yet be attained.
So, a multiple approach should be used whenever possible in defining the avalanche hazard, to reduce
the uncertainty resulting from application of one method by itself.

1.3

Responsible bodies in Italy

1.3.1

Authorities

In Italy land use planning and territory protection, as well as avalanche forecasting and prevention, are
competent to regional administrations.
The administrative regional structures involved in avalanche forecasting and prevention are coordi
nated by A.I.Ne.Va, which stands for Associazione Interregionale Neve e Valanghe (Interregional
Association for Snow and Avalanches), an association constituted in 1983 by the Avalanche Forecast
Centers of 7 Alpine Administrative Regions and Autonomous Provinces of Northern Italy (Regione
Friuli Venezia Giulia, Regione Veneto, Provincia Autonoma di Trento, Provincia Autonoma di Bal
zano, Regione Lombardia, Regione Valle d'Aosta and Regione Piemonte).
Each associated administration has its own specific tasks, depending upon their own regional and pro
vincial regulations.
Its activity concerns the exchange of information and data about snow and avalanches, the experi
mentation of instruments and devices in the field of avalanche prevention, the publication of a four
monthly review (Neve e Valanghe).
Avalanche forecast is carried out by regional services also through the collection of snow data from
more than 200 meteorological stations, both manual and automatic, located all over the italian Alps at
different altitudes and active from early 80's.
Maps of probable location of avalanche sites at 1:25 .000 scale have been realized by each of the re
gional and provincial administrations to cover most of the alpine italian territory, taking into account
aerial photo-interpretative analysis and terrain investigation data.
The National Department for Civil Security is involved in the diffusion of warning bulletins for ava
lanche hazards in extreme meteorological conditions.

1.3.2

Research organisations

In Italy research is scarcely carried out at an universitary level; the only regional center involved in
research about snow dynamics and defense structures is represented by the Center owned by Regione
Veneto in Arabba, in the Dolomitic area; some researches are carried out in collaboration with the
University of Padova and Pavia.

1.4

Responsible bodies in France.

1.4.1

Authorities

Different Ministries are involved in avalanche field, for different aspects:
• the Ministry of Interior is interested to Civil Security operations in emergency situations; the Min
istry of Transportation is related to research and avalanche forecast with CEN/METEO-FRANCE,
for mitigation measures on roads and ski resorts.
• The Ministry of Agriculture is involved in research and mitigation measures with CEMAGREF and
RTM.
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• The Ministry for Environment controls different technical aspects for protection structures
• At a local level, the Departments are concerned with financing procedures for building protection
structures; the Mayors are responsibles for taking decisions about evacuation and Civil Security
operations.

1.4.2

Research organisations

In France exist three main organisms involved in avalanche forecasting and prevention of risks.
The CEN (Centre d'Etudes de la Neige) is a laboratory of the research department of METEO
FRANCE localised at Grenoble and specialised in snow and avalanche research.
The CEN acts as national co-ordinator of the avalanche forecast which is operated by METEO
FRANCE through local Services located in the Alpine area, in the Pyrenees and in Corse; furthermore,
develops high-level research in matter of snow and avalanches: physical and mechanical properties of
snow, snow cover modelling, interactions between snow and atmosphere, snow climatology. The CEN
assures the responsibility of the national nivometeorological data base and has created numeric tools
running for many years for research programmes and in operational context. They have been widely
validated in different experiments in most regions of the French Alps.
The Division Erosion Torrentielle, Neige et Avalanches of the CEMAGREF (Centre National du
Machinisme Agricole, du Genie Rural, des Eaux et des Forets, a government-funded scientifical and
technical research organisation) at Grenoble is involved in avalanche mapping, avalanches and snow
drift modelling, preventive avalanche control, avalanche permanent mitigation measures, issue of
technical recommandation about avalanche protection structures.
The CEMAGREF acts as a consultant for public administrations (municipalities, road departments, ski
resort stations and other research organisms.
The RTM (Restauration des Terrains de Montagne) is not a research organisation, but is charged of
the project studies and realisation of structures for avalanches control. It is a technical organism de
pending on the National Forestry Office of the Ministry of Agriculture and is structured in 10 Services
for each administrative Department in Alpine and Pyrenean area.
ANENA is a French Association which groups all the public and private bodies, as well as those (pro
fessional or not) concerned in various ways in problems related to snow and avalanches.

1.5

Responsible bodies in Spain

1.5.1

Authorities

At present in Spain there are several organisms in charge of avalanche risk assessment.
In Catalonia (Eastern Pyrenees) a Public Avalanche Warning System exists. It was created by the
Geological Survey of Catalonia (at present being part of the Cartographic Institute of Catalonia, ICC)
in Barcelona, depending on the Authonomic Goverment of Catalonia. It is in charge of both avalanche
mapping and forecasting. Scientific studies on avalanches are carried out by the University of Barce
lona which collaborates with the ICC.
In the Authonomic Comunity of Aragon (Central and Western Pyrenees) the avalanche mapping is
produced by the Technological and Geological Institute (ITGE) depending on the Central Government
of Spain.
The avalanche forecasting in the Authonomic Comunities of Aragon and Navarra (Western Pyrenees)
is attained by the National Meteorological Institute (INM) depending on the Central Government of
Spain

1.5.2

Research organisations

In 1986 a programme to reduce avalanche risk in the Catalan Pyrenees was created: the objectives
were getting to realize a mapping of probable avalanche hazard zones and the creation of a Public
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Avalanche Warning System, consisting nowadays in a 30 observers network connected with the fore
cast center located in Barcelona.
The observed data about weather, snow and avalanches are incorporated into the database of the Car
tographic Institute of Catalonia (ICC) and analysed by snow avalanche safety experts.
At present the ICC is attaining an avalanche mapping plan consisting in a collection of 14 avalanche
paths maps covering the Catalan Pyrenees.

1.6

End-users

In Italy, France and Spain the main end-users of the avalanche forecasting bulletins are alpinists and
ski-tourers, ski resorts, Municipalities, Civil Security Services, road departments, national power com
pames.
Risk assessment through avalanche location maps is in use by public administrations and land plan
ning technicians.

2.

AVALANCHE HAZARD

The various types of avalanche hazards can be subdivided into several categories, which depend on
land use:
1. Residential construction - Exposure of buildings and other fixed facilities and the hazard to persons using these facilities within mountain residential areas;
2. Roadways - Exposure of structures on roadways of different importance and traffic;
3. Mountain travelers - Hazard to people using roadways;
4. Utilities - Exposure of structures associated with mountain communications and utilities systems;
5. Ski areas - Hazard associated with avalanches at ski areas and connected recreational infrastruc
tures;
6. Recreational use - Hazard to those who use the mountains for recreational activities and are exposed to or trigger avalanches.

Avalanche consequences
Avalanches are likely to be highly variable in terms of internal material properties, sizes and veloci
ties. Avalanches range from wet, dense and slow moving to dry, low-density, high-velocity turbulents
flows.
Since avalanche impact depends on material properties and velocity, the magnitude and characteristics
of impact loading are also highly variable.
In general, the magnitude of avalanche impact pressure, Pi, depends on the flow velocity, V, and the
mass, m, per unit of volume, k; the general relationship among these variables is written:

The average impact pressure over a surface, therefore, is equal to the kinetic energy (0.5 m V 2) per unit
of avalanche volume.
However, the impact pressure on a structure will usually be dependent on many other factors, not in
cluded in the equation above, including structure size, shape, orientation and flexibility as well as
avalanche characteristics.
Avalanche impact forces should be separated into two components:
1. impact of flowing or sliding debris
2. turbulent, fluid-dynamic powder blast.
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Flowing debris impact represents the largest potential loads. These large loads will usually be concen
trated within the lower portion of dry-flowing avalanches, where densities may range from 50 - 200
kg/m3· Most of the flowing debris will be concentrated within the lower 5 m, even in most large, fast
moving avalanches.
The turbulent powder blast may extend upward to as high as 40 m in large dry-snow avalanches, but
flow densities will probably be less than 10 kg/m3 within the powder cloud (about 8-10 times air den
sity).
Because of their great flows depths, powder avalanches envelop and engulf buildings and other objects
like a true fluid, subjecting them to fluid-dynamic drag and uplift forces similar to a tornado-force
wind.

3.

RISK ASSESSMENT

Avalanche risk assessment in Italy, France and Spain is traditionally based on inventory of avalanche
sites for the creation of data bases, related to a mapping at 1:25.000 scale; a detailed zoning and land
use policies within mapped avalanche areas is only applied in France.
Avalanche zoning utilizes the mapped avalanche boundaries and designates, by municipal law, land
uses and restrictions which are appropriate within the defined avalanche areas.
Because avalanche zoning reduces hazards by reducing exposure, it is a form of avalanche mitigation;
other forms of avalanche mitigation are used in place or in conjunction with zoning and are discussed
below.

3.1

Routines and methods

Maps of probable location of avalanche have been realized in France since early '70s and in Italy since
the half of' 80s, according to a methodology adopted by the French Geographic Institute.
The methods consists of two main phases:
1. photo-interpretation of aerial photos, to search for physical (e.g. destroyed forests, damaged struc
tures) or geomorphological (e.g. nival moraines) traces of past avalanches.
2. Terrain survey: allows to find confirmation to photointerpretative indicationss, through the collection of information from the inhabitants and from inventory documents.
Definition of avalanche-hazard zones requires more detailed maps, traditionally defined in terms of
return period and potential impact pressure.
Two zones of potential avalanche hazard are usually defined in this way:

• Red zone (High potential hazard): an area reached by either frequent or powerful avalanches.
"Frequent" is usually defined as a 30 years or less avalanche return period. An avalanche is consid
ered as "powerful" if it produces an impact pressure on a large, flat, rigid surface normal to the
flow direction of 30 kPa or more. Either the impact or return-period condition will suffice to define
the Red zone.

• Blue zone (Moderate potential hazard): an area reached by avalanches with 30-300 year return
periods and in wich the design avalanche produces impact pressures of less than 30 kPa. Both the
return period and the impact conditions must be satisfied in order to qualify as a Blue zone
The aim of these maps is achieving avalanche mitigation through avoidance of the potential hazards.
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3.2

Presentation

Maps of probable location of avalanche are published in a limited number at a 1:25 .000 scale, using
different colours to represent photo-aerial (in orange) or terrain information (in purple colour). Well
delimited avalanches are distinguished from small and channeled avalanches (arrows). Contraddictory
or uncertain information are represented, as well as localisation of existing avalanche protection
structures (as an example, see attached map).
Avalanche-hazard zones are usually realized at a 1:5 .000 or more detailed scale, showing in red colour
areas where land-use is strictly forbidden, and in blue colour areas where land-use is admitted with
limitation requiring reinforcements of buildings and/or evacuation procedures.
GIS are widely adopted for any type of maps concerning avalanche hazards.

3.3

Accepted risks levels

Zoning and avoidance are not always acceptable alternatives for all type ofland-use.
Transportation, communication, utility routes and ski-runs often pass through avalanche terrain.
An example of quantitative approach to the definition of avalanche hazard was elaborated by Schaerer
(1989), who adopted a method to calculate an avalanche hazard-index on communication ways of
British Columbia in Canada.
The method is based on the following equations: (i indicates snow type and j indicates the avalanche
site).
Avalanche frequency is:
Pau = 1/Tii
where Tij is the return - time of the avalanche in years
The probability that a vehicle is involved in an avalanche is expressed by:
Ptii = N (L+D)N
where L is the road lenght covered by an avalanche, N is the mean daily vehicles number, V is the
mean velocity of vehicles in km/h and D is the vehicle stopping distance.
The impact frequency is calculated by the equation:
Pmii = Pau + Ptii
where Pmii is the yearly mean number of vehicles that can be involved in an avalanche.
The equation above can also be expressed as:
Pmii = N (L+D)/ Tu V 24000
The length of a queue of vehicles is expressed as:
Lw=NtLvl 48
where N is the mean daily number of vehicles, t is the mean time requested to remove an avalanche
from the road, Lv is the mean lenghth of a vehicle (about 8 meters)
The number of vehicles exposed to an avalanche is:
Nwi+lj = (Nt I 48) - (S/Lv)
where Sis the distance between the boundaries of two avalanches.
S = S min + 0,2 (Lj max + Li+1 max)
The frequence of the impacts on standing vehicles is:
.
I
P'wij = 0,5 ps (NwufTi+1)
1
ps is the probability that a second avalanche interrupts the road; values can vary from Oto 0,5; Tj+i is
the return-period of a second avalanche along the site j+ 1.
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The Avalanche Hazard Index is:
AID = Wi (Pmii + Pwii)
Wi is referred to how dangerous an avalanche is, Pmii and Pwii are referred to the "vulnerability" of the
site (number of moving vehicles which can be involved in an avalanche and number of standing vehi
cles exposed to a second avalanche).
The application of such a method can be useful to assess the order of precedence for intervention with
structural protection on a road crossed by many avalanche-paths.
In many cases residential structures and other buildings are located in avalanche paths because the
building sites are desirable for economic or social reasons and because the avalanche risk can be re
duced at an acceptable level by some type of temporary protection (evacuation, artificial release) when
permanent protections (avalanche-control structures) are not possible for economic or technical rea
sons.
The possibility to reduce the risk depends on the possibility to reduce the probability of an avalanche
on a place where goods and persons have to be protected.
The risk levels accepted by public authority and population change in fonction of the value of the
goods which have to be protected and also in relation to subjective and irrational factors (e.g. for the
evaluation of the risk a ski-tourer is exposed to).

4.

WARNING SYSTEMS

Evacuation possibility is strictly related to a reliable warning system. It can be structured at two differ
ent level.
1. Regional level: it is based on meteorological network of automatic or manual stations, providing
data about the following parameters:
•
•
•
•
•
•
•
•

snow depth
precipitation
air temperature
snow temperature
air humidity
wind speed and direction
atmospheric pressure
solar radiation.

Stratigraphical analyses and tests of stability of the snowpack are weekly executed by technicians and
provided for the experts of the regional Avalanche Forecasting Centers.
The Avalanche Centers issue daily bulletins about weather and snow conditions, containing an
evaluation af avalanche danger according to the European scale, made of 5 levels.
The avalanche bulletins are useful to have general information at a regional scale and are a basis for
decision-making for those who use the mountains for recreational activities.
2. Local level:
In a local avalanche warning system it is often desirable to supplement meteorological and manual
observations by snow parameters measured automatically in release zones or at other representative
locations.
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These systems have to supply reliable data on the development of dangerous snow cover stratigra
phies; the measured parameters have to be closely related to the processes determining stability of the
snow cover in potential release zones.
These processes are: formation of weak layers as a necessary condition of slab formation, loading,
variation of slab strenght and viscosity, initial fracturing and avalanching.
An efficient warning system should be structured in this way:
1. Network of instruments to measure and transmit in real time data about weather and snow parame
ters to evaluate snow cover stability.
2. Use of expert systems as a tool for avalanche forecasting.
3. Use of artificial release of avalanches.

4.1

Equipment

1. With a microwave snow stratigraphy radar snow accumulation, settling, stratigraphy, but also
fracture heights of avalanches can be observed
2.
Because the radar is buried in the ground looking upwards through the snow cover, they are not en
dangered by creep, glide and avalanches
An ultrasonic snow-depth gauge measures total snow depth, therefore accumulation and settling
of new snow can only be determined on some modelling assumptions. It usually is installed to
gether with additional instrumentation: snow temperature profile and IR-surface-temperature
measurements, combined with downward short wave radiation, air humidity and temperature
measurements allow for direct modelling of weak layer formation
Geophones buried in the ground within release zones and avalanche tracks record vibrations from
flowing avalanches or from explosions for artificial release.
The instruments mentioned above are now commercially available or prototypes have been tested
for several years; installations of this system has been realized by now only in Switzerland, e.g. at
Tel Aminona ski resort in the Valais.
2. Expert systems show a new methodology to solve problems concerning natural hazards (e.g. ava
lanche forecasting). They represent also important economical advantages, through compiling
knowledge (several human experts may initialise one system) and saving knowledge acquired by
human experts for long years.
Three expert system have been developed in the last years:
• MEPRA (Modele Expert pour la Prevision du risque d'avalanches", created by C.E.N. ofMETEO
FRANCE, gives evaluations of avalanche hazards, by using results from a deterministic model,
CROCUS, to give a snow cover representation.
e ELSA (Etude des Limites de Sites Avalancheux) is able to model the triggering and flow of ava
lanches and has been developed at CEMAGREF. It is used by experts to help in making decisions
concerning equipments for dangerous areas. It includes deterministic models to give speed, pres
sure and spatial extension of avalanches.
• NIVOLOG has been developed by R. Bolognesi in Switzerland and gives local evaluations of the
snowpack of slopes which are regularly triggered by explosives. It comes from the merging of a
statistical approach by the nearest neighbour method and a deterministic evaluation of avalanche
hazard expressed as a percentage probability. It is daily used by practicians in France and in Swit
zerland (Alpe d'Huez, Courchevel, Meribel, Serre Chevalier, Crans-Montana, Leukerbad).
3. The goal of the method of artificial release of avalanches is to remove unstable snow from potential
release zones and therefore to reduce the probability for unforseen avalanche occurrences within
the area to be protected for known limited periods of time.
The methods mostly used for artificial release are:
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•
•
•
•

explosive charge, thrown or slided down a mountainside by hand
explosive charge, slided down from a helicopter
cable-way explosives
gas exploders, using a mixture of oxygen and propane, introduced almost ten years ago by a French
company

4.2

Data acquisition

Microprocessors-based data acquisition modules that allow for direct connection of almost any sensor
with analogue or digital output and permit data transmission by phone, wire, radio or satellite are
available today to collect, screen, reduce, store and transmit data.
User friendly logger software should not be limited to input and output functions but should permit
program flow control and include all necessary functions for data screening, reduction, sensor check
ing and control and local data processing.
Bidirectional communication should be standardized for all types of links with automatic error check
ing and correction.
It is very time and cost saving if all hardware and software functions of the logger can be interrogated
through the communication link.
It is also very convenient, especially in mountainous regions if loggers on radio links can serve as
repeaters to more distant loggers. The modules should be completely encapsulated, have low power
consumption, a large operating temperature range and good lightning protection.

4.3

Presentation

Appropriate softwares for MS WINDOWS allow for an integrated acquisition, elaboration and visuali
sation of data from meteorological stations, radar snow profiler and GAZ-EX exploders.
A Radar window allows for visualisation of microwave snow profiles and a complete control of the
radar, including control of the measuring interval, electronic filter control and test measurements
transmitting analogue signals and spectra.
A GAS-EX window (secured by different levels of access and command codes) permits checking the
status of the exploders, to select an exploder and to fire.
The expert system NIVOLOG allows for data and images management, avalanche hazard analysis,
automatic creation of short avalanche bulletins.
Avalanche hazard analysis gives a probability of release for each avalanche channel and a general
avalanche risk value for a ski-resort area, according to the Unified European Scale.
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RESULTS AND CONCLUSIONS FROM REPORTS,
PRESENTATIONS AND DISCUSSIONS

Bo Berggren
AB Jacobson & Widmark, Geotechnical Division
SE-181 83 Lidingo, Sweden

INTRODUCTION

The aim of this project is to compile existing R&D on risks regarding landslides and snow avalanches.
Efforts have been made to accomplish this in regional reports on landslide and avalanche risk. At X
CALAR'99 the regional reports were presented in draft form and invited experts were required to
comment on, discuss, improve and complete the regional reports.
Below, some additional comments are made regarding the draft regional reports and the results from
the discussions are compiled. Also notes taken during the presentations of the experts are presented.
Original papers and previously published papers are found above and listed below.
REGIONAL REPORTS
R1

Avalanches in the Alpine Region

P Holler,
Institut fiir Lawinen- und Wildbachforschung an der Forstlichen Bundesversuchsanstalt, Innsbruck,
Austria

Austrian definition of avalanche: snow masses that move down a mountain slope destroying houses
etc.
Responsible body for avalanche matters in Austria is BMLF, Bundesministerium for Land- und
Forstwirtschaft (Forest Section), which hosts five forest sections. On provincial level, avalanche
warning services are responsible for daily avalanche control. Education is based at the University of
Agriculture, Vienna, and to some degree at Universities of Salzburg and Innsbruck Hazard maps were
developed in the 1960s and were the start of avalanche research. In1975 there was a law introduced
that required that hazard maps for villages and settlements to be established.
There are two main hazard zones: red and yellow hazard zone, where
it is not permitted to build in the red zone .Buildings are allowed if properly constructed and protected
in the yellow zone. Computer simulations of avalanche incidents and comparison with actual cases new, better computer programmes allow better simulations and reliability of predictions.
R2

Landslides in the Atlantic Region

J Hutchinson,
Imperial College of Science, Technology and Medicine, Civil and Environmental Engineering, Lon
don, UK

Landslide types in England are inland slides and coastal slides. Man-made failures are increasing and
becoming more important.
At the Isle of Wight there is an old landslide area, 250 m x 13 km, on which 7000 people are living.
There are guidance maps of the Isle of Wight slide area.
The slide problems led to a number of innovations, e.g. flexible joints for sewers.
In France landslide mapping is supported by law.
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D1

Discussion

Durville:
It would be important but difficult to create a database for landslides.
v Poschinger:
A database for the alpine area has already been established. The database contains the most important
information about different landslides. Is research on submarine landslides going on?
Lied:
NGI carries out research on sub-marine slides and prediction of run-out, especially with respect to off
shore installations in the North Sea. Lied also strongly supports Durville on creating a landslide data
base.
What happens in Italy, France and Switzerland with respect to avalanche R&D?
There seem to be similarities between conditions and avalanche management in Austria and Switzer
land.
Hutchinson:
In UK run-outs of landslides are being recognised.
Multiple factor analysis is not the right method according to my opinion. Landslide mapping is gener
ally more appropriate. However, when a city or village is built entirely on an area where landslides
earlier have taken place, the multiple factor analysis would be appropriate.
Acceleration of mass movements has not yet been analysed. In the acceleration phase there is no dam
age to the turf, but in the deceleration phase, landslides start to dig in. Is this also true for avalanches?
Grande:
Sub-marine slides are important since wave action can influence coastal areas and roads, construc
tions, etc.
Massarsch:
In the CALAR project, we initially compare quick clay landslides and avalanches. Are any other im
portant types of mass movements (slides) missing?
Czurda:
Chemical and physical research and information on Scandinavian clays would increase the insight of
mechanisms.
Just the factors of slope angle and precipitation to classify risk are not enough. How are weights given
in the multiple factors analysis and how are they controlled?
Corominas:
Multi-coloured hazard maps are needed. To compile hazard maps, different factors are used.
Holler:
In Switzerland dynamic models and snow models are developed. Also forecasting models are still
being developed to estimate the actual and future snow stability.
Avalanches in springtime may take material (grass, stones, etc.) downhill. Those avalanches are called
full-depth avalanches.
Berggren:
Deforestation causes problems and subsequent landslides, does deforestation causes problems in snow
areas?
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R3

Avalanches in the Mediterranean Region

B Berggren,
Swedish Geotechnical Institute, Linkoping, Sweden

No notes.

R4

Landslides in the Mediterranean Region

C Scavia,
Politecnico di Torino, Dipartimento di Ingegneria Strutturale, Torino, Italy

During the last 40 years there have been about 2500 casualties in Italy due to landslides. The material
cost is estimated to about 2 500 MECU. In Spain the material cost due to landslides is estimated to
about 200 MECU during the same period.

D3
No notes.

Discussion

R5
Landslides in the Nordic Region
Rainer Massarsch,
GEO Engineering AB, Bromma, Sweden

No notes.

R6

Landslides in the Alpine Region

Richard Niederbrucker,
6sterreichisches Forschungs- und Priiftentrum Arsenal Ges.m.b.H., Construction Division - Geo
technical Engineering, Vienna, Austria

No notes.

R7

Avalanches in the Nordic Region

Rainer Massarsch,
GEO Engineering AB, Bromma, Sweden

No notes.
D5

Discussion

Lied:
The legal aspects of steering frequency for avalanche mapping and land-use should be harmonised,
now e.g. in Iceland 1/4000 years, in Norway 1/1000, in Austria 1/150 and in Switzerland 1/350. De
bris flows should be included in the hazard mapping.
EU Environmental Programme
DPeter,
European Commission, Directorate-General XII, Brussels, Belgium

The Fifth Framework programme for RTD (Research and Technical Development) is divided into four
thematic programmes and into key actions. A detailed programme for key actions is still being dis
cussed.
Clusters:
• Before proposal: project proposals with common approach - could be proposed as clusters
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•
•
•
•
•
•
•
•
•
•
•
•
•
•

During the negotiation phase: The Commission starts discussions with project leaders addressing
similar problems
Framework documentation (all available on Internet): Proposer's Guide, Work Programme, Call
for Proposals, Evaluation Manual.
Evaluation of proposals is made in three steps:
Scientific quality (by three experts) in an interview
Management evaluation (partner distribution, management model, ...)
Strategic evaluation - the proposal is valued in a European strategic perspective
In planning, it is essential to observe the following "requirements" of a project:
Problem orientated
Multidisciplinary
European dimension
Full spectrum ofRTD instruments
Selective
Involvement (Industry, policy making factors and others)
The total budget in 1999 for Natural Hazards (close to our project) is 135 MECU.

Two areas are of special interest to this meeting:
2.1.3 Climate change prediction and scenarios
2.1.4 Better exploitation of existing data
An interesting possibility: Marie Curie Fellowships (PhD Training Sites) for individuals and experi
enced researchers. The average duration of an EC project is 3 years. An idea was presented to arrange
"Think-Tanks", in which maximum 10 experts in the same field of interest come together and "rotate"
their thoughts during some days to construct new or enhanced methods or approaches to solve specific
problems.

EXPERT PRESENTATIONS

X1

Continuous Monitoring

F KBrunner,
Technical University ofGraz, Ingenieurvermessung, Mej3technik, Graz, Austria
Previously published paper: Experimental detection of deformations using GPS (Co-author: H. Hart
inger). Symposium on Geodesy and structural engineering, April 20-22, 1998, Eisenstadt.
By using GPS, discrete surface points can be defined. A continuous monitoring system set-up is seen
in Figure Xl:l. Resolution (accuracy) is 2 mm in the developed GPS system. Real time lapse is today
5 minutes. The power supply is the weakest part in the system. Tests have been run with known ve
locities and accelerations. Multipath signals are monitored due to reflections (e.g. different air layers)
but the multipaths are the same from day to day, due to the same positioning of the satellites. The ac
curacy increases when the length of the time section increases, see Figure Xl :2. An inclination to a
satellite less than 5° gives problems of interpretation. The cost per station is about 200 000 ATS (about
15 000 EUR).
The next step in the development of a monitoring system oflandslide motions using GPS would be to
• make software improvements
• use of multiple reference stations
• accomplish a fusion with other sensors, e.g. accelerometer
• search for a landslide area for the implementation of the system. The area should be above the tree
line where ongoing motions are larger than 20 mm/year. Three (3) monitoring points would pro
vide useful information.
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X2

Detection, Alarm Systems

LRammer
Institute for Avalanche and Torrent Research, Innsbruck, Austria
The SAME project and results were presented. In the project nine (9) different types of mechanical
sensors are tested at 29 different sites. Avalanches have been artificially triggered by blasting.
X3

Monitoring, Modelling

J Corominas,
Civil Engineering School ofBarcelona. UPC, Engineering Geology, Barcelona, Spain
Results were presented from EU project ENV-CT96-0248 in which landslides are monitored and
modelled. A case history of a 2 km long staircase shaped telescopic landslide was presented. Only to
find out geometry is a large task. Data acquisition every 20 minutes. Different types of investigations
were used, e.g. georadar in order to find the geometry of the landslide. Soil sampling and installation
of permanent inclinometers have been made in 16 boreholes. A special device and analysis for meas
uring the shear zone thickness was presented. The response to rain in porewater pressure and dis
placement is rapid. The measured permeability is not secure.
X4
MMoser

Hazards, Monitoring

Friedrich-Alexander-Universitiit Erlangen-Niirnberg, lnstitut fiir Geologie und Mineralogie, Leher
stuhl fiir Angewandte Geologie, Erlangen, Germany
The most important factors can and should be monitored. The conclusion was made that it is ex
tremely difficult to make a good and reliable forecast.
X5
B Geigl,

NAFT, Forecasting

Technische Universitiit Graz, Institut far Mechanik, Graz, Austria
By using Fuzzy logic, Expert Systems and Self-learning Systems, a more reliable forecasting tool has
been developed. Used language is C++.
NAFT stands for New Avalanche Forecasting Technologies and is an Expert System based on Fuzzy
Logic. Principle researchers have been Dr. Bertram C. Geigl, Technical University in Graz, and Dr.
Andreas Moser, DSD Linz. Existing prognosis models are
o
Statistical models, that are based on databases with measurement data and avalanche observations
and statistical methods. Statistical models incorporate weighting of parameters, which results in a
low hit ratio, 60-80 %.
• Deterministic models based on stability analyses of the snow surface. The models are influenced
by physical procedures. The average error is approximately 45 %.
New technologies (AI, Artificial Intelligence) are therefore needed, e.g. Neural Networks, Fuzzy
Logic, expert systems and self-learning systems.
Expert Systems comprise the following ingredients:
o
Knowledge of experts
• Actual measurement data
o
Input data
• Rules of thumb - Fussy Logic
• Prognoses result
o
Statistical measurement data - measurement chronicle
o
Protocol
o
Fuzzy Logic gives promising results and comprises
• Logic of "fuzzy thinking"
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• Meteorological input data
• Input by weighting
• Factors of uncertainty, e.g.
'If the height ofsnow is high and the snow surface is unstable then the risk ofavalanches is high'
• The strategy in the development of a Fuzzy Logic system incorporates:
• Data Input, sensitivity analysis
• Generation of rules
• Automatic generation of relationships from measurement data and observations
• Direct input by experts
• Generation of rules from measurement data
• Snow height
• New snow
• Airtemperature
• Snow temperature
• Wind direction, Wind strength
• Temp-MAX, Temp-MIN
• Air humidity
• Penetration depth of ram probe
• Weather
• Clouds (percentage of sky covering)
• Avalanche degree
• Regional avalanche code
• Number of avalanches per day
• Test phase, comparison with real avalanche observations
The results from the use of Fuzzy Logic in avalanche prediction are promising:
• Very good hit ratios (-80 % and 20 % error rate)
• Improvement of prognosis through consideration of regional influences
• 'Problem avalanches' are treatable
• Interpretation of results is simple and comprehensible (transparency)
• The following conclusions can be made:
• Good forecasting results
• Extension of rules by experts
• Consideration of regional influences
• Application for other target areas
• Selection of additional measurement data or input parameter

D2

Discussion

X1:
Is equipment replacement expensive? Problems: weather/ thunderstorms, vandalism, etc.
Brunner:
The system has lightning protection system.
Czurda:
Do we need data every three minutes?

X2

Massarsch:

Geotechnicians could learn a lot from the SAME project's strategies.
Hutchinson:
The political step often stops landslide warning systems.

XS

Lateltin:

Ecole de Polytechnique in Lausanne is working on Neural systems.
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Geigl:
The system could most likely be applied on rockfalls.
Concluding remarks:
Make sure to get your information input into the regional reports.
Can snow be tested in-situ with more sophisticated equipment?
The importance of submarine landslides is underestimated.
X6

Modelling

K Lied,
Norwegian Geotechnical Institute, Avalanche and slide protection, Oslo, Norway
Original paper: Snow avalanche dynamics, - legislation and zoning in Norway.
• The following types of avalanches and land/rock slides take place in Norway:
• Snow avalanches
• Slush flows
• Debris slides
• Rock falls, rock slides
• Earth slides
• Quick clay slides
• Flood waves generated by slides
• Submarine slides
The risk assessment of snow avalanches comprise the development of:
• Avalanche forecasting models
• Runout distance models
• Snow creep forces
• Full scale experiments
• Hazard zoning
• Defence structures
• Avalanche runout models can be:
• Topographical/statistical models
• Dynamic models
There is a need for "robust" models with few parameters.
The assessment of the runout distance of a snow avalanche can be made by the use of a topographi
cal/statistical method, developed from mapping of a great number of avalanches in their maximum
extent. The return period is supposed to be about 300-500 years. If the snow conditions are supposed
to have been optimum for the longest runout of these events, the runout distance may be determined
by topographic factors only. Experience has shown that the run-out distance corresponds to an angle g
from the top.

X7
CHegg,

Assessment, Modelling

Swiss Federal Institute for Forest, Snow and Landscape Research, Birmensdorf Switzerland
A case was presented where several hundreds of slides took place. Forested slope prevents sliding as
long as the inclination is not too large.
X8
C Kilburn,

Modelling, Forecasting

University College London, Geological Sciences, London, UK
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Previously published papers: Runout Lengths of sturzstroms: The control of initial conditions and of
fragment dynamics (Co-author: S0ren-Aksel S0rensen). Journal of Geophysical Research, Vol 103,
No B8, Pp 17,877-17,884, August 10, 1998.
Slow rock fracture as eruption precursor at Soufriere Hills volcano, Montserrat (Co-author: Barry
Voigt). Geophysical Research Letters, Vol 25, No 19, Pp 3,665-3,668, October, 1998
There is a need for simple models for estimation of the runout distance. The models should be inde
pendent of rock type. Reference was made to Kilburn & Sorensen (1998) Journal of Geophysical Re
search 103: 17,877 and to Kilburn & Voigt (1998) Journal of Geophysical Research Sept/Oct.
Giant landslides- Sturzstroms- comprise the following scenery, numbers, events etc:
• Moving mountains
3
• Volumes 0.001 - 10 km
• Rates 1 - l0's km per minute
• Occur every few decades
• Occur in all rock types
• Young mountains (Alps, Andes, Himalayas)
• Volcanoes
A central question is how to link runout to initial conditions?
The larger volume of a Sturzstrom the greater runout distance.
There is an empirical trend:
L~CV½
where L is the runout distance, C is a constant and V is the volume.
However, it can be questioned if a volumetric control can be accomplished and should external factors
or internal dynamics be involved in the model?
In a more detailed model the following statements can be made regarding governing conditions:
Density = Constant
Rheology = Newtonian
Constant mass (volume)
Momentum global change = 0
Rate of momentum loss is limited by boundary layer
Potential energy is transformed to kinetic energy and losses (friction)
Geometric similarity
The result is a somewhat more complicated equation:
L = C (pg / µ) 8 V 112
where p is the density,µ is the friction(??) and 8 is the???. As can be seen in Figure X8:1, the length
of the sturzstrom increases with increasing volume.
The future studies and development should focus on forecasts, how to monitor an unstable volume,
and involve such parameters, as e g:
• Initial fragmentation
• Field data on basal layers
• Definition of geometric variability
A relevant question is whether we can use acceleration measurements to forecast catastrophic failures
and initial failures. An empirical trend would be:

Acceleration = C (Velocityt
where 1<a<2.
Investigations of Sturzstroms reveal that they require initial rock failure under constant stress.
In forecasting failure it can be noticed, see Figure X8:2, that as deformation accelerates, tends to
Acceleration = 13 (Velocity)2
or to
1/(Velocity) = x- m (Time)
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It can be concluded that physical models are available to:
• Forecast rock failure, where the inverse rate with time is used as a forecasting tool.
• Forecast sturzstrom runout or travel distance, where the distance depends on involved volume.
It can also be concluded that the scatter about mean trends can be reduced:
• with field studies of sturzstrom deposits (especially basal layers)
• with revised analyses of pre-failure rates of slope deformation.
X9
K Czurda,

Flow, Risk Assessment

Universitat Karlsruhe, Angewandte Geologie, Karlsruhe, Germany
Original paper: Doren Landslide - Geotechnical and hydrological research, (co-author: E Ruckert).
No notes.
X10
Doren Landslide
T Fernandez-Steeger,

Universitat Karlsruhe, Angewandte Geologie, Karlsruhe, Germany
Original paper: Displacement monitoring by GPS in the Landslide area ofEbnit, Austria, (co-author:
U Schneider).
Presentation of a case, where a landslide of 2 Mm3 started around 1850. The average slope inclination
is only 11°, but the maximum inclination is 40-50°.
X11

Modelling, Risk Assessment

J Rohn,
Universitat Karlsruhe, Angewandte Geologie, Karlsruhe, Germany

Original paper: Earth flow and rockfall risk assessment: geotechnical analysis and mapping, (co
author: K Czurda).
Presentation of cases from mountainous area with "Rock Towers" and other formations.
Discussion
D4
Griffiths:
Could we ensure that the three dimensional aspects of hazards from runout are included in the assess
ment. The length of runout is clearly critical, however, landslides have a breadth component that reach
to be considered and may be neglected in two-dimensional analyses.
X12
R Poisel,

Mechanisms, Modelling

Vienna University of Technology, Institute for Engineering Geology, Vienna, Austria
Original paper: Rockslide initial failure mechanisms and numerical modelling.
Toppling and block toppling failure is ruled by the structure ofrock, while the material rules sagging.
X13
DKolymbas,

Catastrophic Landslides

Leopold-Franzens-Universitat Innsbruck, Institutfiir Geotechnik und Tunnelbau, Innsbruck, Austria
Previously published paper: Mechanisms of catastrophic landslides. EU contract no. ENV4-CT970619.

Kolymbas is Project Manager for the project ENV-CT97-0619 "Mechanisms of Catastrophic Land
slides", funded by the European Union within the frame of the Environment and Climate programme.
The project is a joint research project with a large group of researchers from Austria, Germany,
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France, Spain, Italy and Greece. The duration of the project is 1.1.98 - 31.12.99. Project manager is
Prof. D. Kolymbas, Innsbruck.
The following six organisations and responsible persons are involved in the project:
Institut fur Geotechnik und Tunnelbau, Universitat Innsbruck (IGT), Prof. D. Kolymbas
Institut fur Boden - und Felsmechanik, Universitat Karlsruhe (IBF), Prof. G. Gudehus
Laboratorie Sols Solids Structures, Institut National Polytechnique de Grenoble (SSS), Prof. F. Darve
Dipartimento di Engegneria Strutturale, Politecnico di Milano (PdM), Prof. R. Nove
Escuela de Caminos, Fundacion Agustin de Bethencourt (FAB), Prof. M. Pastor
National Technical University of Athens (NTUA), Prof. I. Vardoulakis.
Primarily progressive failures are studied. The project constitutes three Work Packages, WP, which
comprises different activities:
WP 1: Material behaviour
• Constitutive models
• Laboratory tests
• Material Stability
• Phase Transitions and Percolation Theory
WP 2: System behaviour
• FEM simulations
• Numerical simulations with distinct elements
• System stability considerations

•
WP 3: Mitigation
• Material properties during and after the slide (post-failure behaviour)
• Loads on shelters
• Mitigation by monitoring, drainage or densification
X14
PAndrecs,

Rockfall, Protection

Institut fiir Lawinen- und Wildbachforschung, Wildbach- und Abtragsforschung, Vienna, Austria
No notes.
X15
C Alen,

Probabilistic Approach

NCC Teknik, Gothenburg, Sweden
Original paper: Slope stability analyses -A probabilistic approach, Example from the Gata River
Valley, Sweden.
Previously published paper: Application ofa probabilistic Approach in Slope Stability Analyses. Proc.
ofthe seventh symposium oflands !ides, Trondheim, 17-21 June 1996.
No notes.

Hazard and Risk Assessment
X16
HKienholz,
University ofBern, Department ofGeography, Bern, Switzerland
Presentation of a scheme of different hazards, e.g. velocity (v) oflandslides.
Discussion
D6
Griffiths: In the UK some hazard maps form the basis for planning guidance but do not have actual
legal status. However, giving priority to the guidance may be construed by the Civil Courts to be neg
ligee. In the Nordic and Alpine Regional Reports the emphasis was that the hazard maps did not have
a stated position in law. Is there any evidence that courts in the Nordic and Alpine countries are giving
such maps a legal status bases on the precedents that are being set by cases that reach the courts?
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Hazard Assessment
X17
J-L Durville,
Laboratoire Central des Ponts et Chaussees, Paris, France

During 20 years hazard assessment and monitoring has been performed of a giant landslide in La
Clapiere. Prediction in relation to ground water height, displacement and displacement rate has been
tested. During these 20 years the lmowledge about the sliding mechanism has increased and the phe
nomenon has been changing. Therefore the hazard and its importance has been (or should have been)
re-evaluated many times. However, the experience of these large landslides is poor and the evaluations
are uncertain. Though, decisions must be taken!
In hazard assessment two main questions arise: What will occur and When will it occur? In 1987 the
situation became dangerous at the landslide in La Clapiere thus increasing the need for better predic
tion tools, especially if the basis is short-term measurements. In long term measurements of accelera
tion and deceleration are useful. In order to find the solution to the other question "What will occur"
development and assessment of scenarios is necessary, e.g.a large landslide occur that causes dam
ming of the valley and subsequent flooding in the upstream village failure of the dam (stability)
upwards regression of the moving mass a series of small landslides deceleration and quiet stabilisation
(which distance?) In order to manage the situation special care has been given to the socio-technical
parameters and effects, e.g.
•
•
•
•
•
•
•
•
•
•

Regular measurements with surface inclinometers (once per month)
Relocation of the passing road, more than once
Regular manual distance measuring (once per week)
Restriction on access to close zones
Automatic distance measuring (every 4 hours)
Introduction of automatic reading extensometers
Construction and maintenance of a gallery for the river flow
Emergency planning
Reviewing by an expert group
Using different types of surveys

The total expense is today more than 40 million Euro. A relevant question is whether this amount is
adequate, small, large, optimum.
X18

Hazard & Risk Assessment

J Griffiths,
University ofPlymouth, Geological Sciences, Plymouth, UK
Original paper: Resolution Difficulties in Establishing Landslide Spatial and Temporal Distributions
for Hazards and Risk Assessment.
Inventory senses the accuracy of data collection. Secondary effects must be noticed. In the UK data
base there are 10 000 landslides presented in a scale of 1: 250 000. What scale should be used in a risk
assessment? In Hong Kong 26 000 landslides are mapped in a scale of 1:20 000, which give a reason
able accuracy. The slides can be presented in a diagram with different length of slide:

Rescuing plans must be established. In relation to different critical levels of e.g. displacement and
displacement rates, there is a last time decision that can be made, compare Figure X18:2.
Landslide inventories form the basis for most hazard and risk assessment programmes. However, the
number, type and scale of the landslides identified is dependent on the resolution of the original data
collection. Hazard Identification determines what can go wrong by identifying a set of circumstances:
Risk Estimation - predicts how likely it is that the given set of circumstances will arise, i.e. what is the
likelihood of a given size of landslide occurring in a given area. The circumstances must be based on
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historical precedent. Normally hazards are referred to in terms of recurrence interval, which is rela
tively easy for e.g. water level of rivers but landslides are variable in space and time as well as scale.
Frequency analysis requires information on the age and occurrence of landslides.
In the identification of landslides scale is a critical issue: field mapping at 1:5 ,000 will identify consid
erably more landslides than Satellite Imagery at 1: 100,000. Comparing the consequences of using
different resolutions we find for the UK database that between 1984 and 1989 a database was com
piled for records of nearly 10,000 landslides the data were based on published landslide records and
compiled in both a database and on 1:250,000 scale mapsno primary data collection took place directly
as part of this project.In the Hong Kong (NTLI) landslide data base records of 26,000 landslides had
been compiled by 1996 the data were collected from 1:20,000 scale aerial photographs. As a summary,
it can be concluded that in landslide studies quantitative hazard and risk assessment has to be site spe
cific there remains a continuing need for comprehensive and extensive national landslide surveys na
tional surveys need to date landslide occurrence if frequency and return periods of landslides of a
given scale are to be estimated.
X19
0 Lateltin,

Mapping, Hazard Assessment and Land-Use Planning

Swiss National Hydrological and Geological Survey, Bern, Switzerland
Previously published papers:
Empfehlungen: Beriicksichtigung der Massenbewegeungsgefahren bei raumwirksamen Tiitigkeiten
(1997). Bundesampt far Raumplanung (ERP), Bundesamt fur Wasserwirtschaft (BWW) and Bun
desamtfar Umwelt, Wald und Landschaft (BUVAL).
Empfehlungen: Symbolbaukasten zur Kartierung der Phanomene (1995). Bundesamt far Wasser
wirtschaft (B WW) and Bundesamt far Umwelt, Wald und Landschaft (B UVAL).
Naturgefahren in der Schweiz- Klimaforschung (Beilage zu Vision Nr 2/98 (Juni 1998).

The following regulations exist in Switzerland:
• Federal Law for Land-Use Planning (1979)
• Cantonal Master Plan Map of endangered perimeters (scale 1:50,000)
• Federal Law on Flood Protection (1991) and Federal Forest Law (1991)
• Communal Local Plan Register of events (scale 1:5,000) + Hazard maps (3 grades)
Hazard management comprises answers to the following questions
• What might happen and where?
register and maps of events.
• How and when may it happen?
simulation, modelling, hazard maps.
• How can we protect ourselves?
land-use planning protective measures warning systems, emergency planning.
Symbols have been established for hazard maps:
according to the guidelines "Avalanche"
Hazard= Probability x Intensity
Probability: 30, 100 and 300 years high intensity: people endangered inside buildings
The following hazard grading has been adopted:
Red: people endangered inside buildings substantial damage to buildings leading to their possible
destruction
Blue: people endangered in the field slight/moderate damage to buildings
Yell ow:
people not endangered slight damage to buildings
Rockfalls and other types oflandslides are classified in relation to estimated energy release:
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Probability of occurrence*
low
15 - 40 %
medium
40- 82 %
High
82 -100 %
*depending on the considered time period
Phenomenon
Rockfall
Kinetic Energy, kJ
Rock avalanche
Average velocity
Landslide

Return period
100 - 300 years
30 - 100 years
1 - 30 years
e.g. 50 years
low
medium
<30
30 - 300

-

-

<20mm/y

>20 mm/d

Debris flow, po- Depth of loose mate- <0.5
tential
rial, m
Debris flow, real Thickness of depos- ited material, m
Collapse
-

0.5

2

<1

hi2h
>300
>300
large differential displacements
superficial landslide v > 1 mid
displacement per event> 1 m
>2

>1

Presence of dolines

In Codes of practice of land-use planning the following categorisation of construction has been
adopted:
Red zone:
Construction is essentially prohibited
Blue zone:
Construction is allowed, provided that certain safety requirements are met
Yellow zone: Constructions is allowed without restrictions
In recent times the following observations have been made:
Cases studies have been performed in: Falli-Holli, Hohberg, Berra and other places
There has been an increase (10 - 20%) of the average annual precipitation in Western Switzerland
since 1977
Dendrochronological analysis and C 14 dating on fossil wood, collected in landslides, were used in the
investigations. The timberline, snowline and landslide activities were analysed.
The age of a landslide may be detected by investigation of the core from bent tree, as the density of
fibres is larger on the outer curve of the "knee".
Future development may be due to a climate change, especially an increase of the average annual tem
perature, an increase of the average winter precipitation and an increase of periods of heavy rain.
There will be no change in spatial distribution due to the impact by these factors on landslide-prone
areas but there will be an increase in the rate of displacement. As a result further reactivation may be
expected in pre-alpine regions located below 1,500 m.

Avalanche Release/Blasting
X20
MManhart,
Lech-Cableway System, Ing. Bildstein AG, Lech/Ar/berg, Austria

Presentation of a stationary avalanche blaster developed and produced by the company Doppelmayr.
Avalanche blasting with various blasting methods is a very effective way of ensuring safety in winter
sport regions and at mountain roads.Together with some very experienced avalanche control special
ists Doppelmayr Austria developed the patented "Stationary Avalanche Blaster" three years ago. The
"Avalanche Blaster" is launching pyrotechnically propelled explosive charges by remote control.
Ten firing tubes are located in a protective housing behind electrically operated doors. The explosive
charges are usually inserted in the firing tubes before the beginning of the winter-season and can be
launched by signals, sent by wire or radio or started by a computerised control panel. The power sup
ply for the electrical controls, the propellant ignition system, the electric motors for the doors, etc. are
provided by a battery, which is charged by a solar panel. The housing is fixed to a mast, which is
bolted to the rock or to a concrete foundation. The detonations from the charges are recognised by a
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geophone and monitored. The explosive charge consists of a card board tube with a cover at the ends.
At the bottom end the propellant and its ignitor are fitted. At the top end a sleeve is fixed, from which
the fuse is leading to the explosive ignitor cap. The sleeve produces the igniting-flame for the fuse,
when the tube is pulled out of the house. The length of the fuse gives enough time after launching for
the detonation in the avalanche zone.
The Avalanche Blaster is ready to use at any time and weather conditions. It can be mounted at ava
lanche-safe spots. The propellant gives horizontal firing ranges between about 50 and 200 m. The
overall costs of avalanche control are reduced significantly, due to decreasing number of avalanche
control personal and helicopter trips and reduction of the closure-times of roads and ski-runs. Also the
risks for avalanche control crews are reduced.
The equipment costs about 35,000 EUR.
D7

Discussion

No notes.
D8

Panel discussion

In the panel: J Hutchinson, R Massarsch, C Scavia, H Schaffhauser, R Niederbrucker, K Lied, and B
Berggren.
Discussion Leader: B Sellberg.
The panellists were first asked to give conclusions on good practice, research needs, synergy effects,
priorities: inventory, mapping, modelling, hazards, risks, monitoring, measures.
Hutchinson:
Risk assessment for both landslides and avalanches is the choice between warning systems and reme
dial measures. Remedial measures should be the first choice. However, for 'budget' reasons one might
be forced to keep to the second choice warning systems.
Demands on warning systems are
• Measuring of the right parameters
• Placed in the right places
• Reliable
Information from warning systems has to be interpreted of experts, which have to pass the information
convincingly to officials. An example from a vulcano in Colombia was given, where a lot of experts
made observations but no measures were undertaken until it was too late.
There is a need of research
Interpretation of 'velocity curves', i.e. time prediction of land slides
Education of people, i. e. expert knowledge passed on to others.
Landslide mapping is an example of a tool. For example, maybe we can use GPS to map velocities.
Warning systems have not always to be seen as an alternative to remedial systems. For large slides
excavation is not an alternative to warning. If you can't afford stabilising, use a warning system.
Griffith:
Having worked on the U.K. National landslide Database for 4 years (1986-89) I believe the database
has a fundamental problem. Because it is based only on published records it grossly underestimates the
number of landslides in Britain. When I have subsequently carried out mapping of landslides in se
lected areas I have found that there can be two orders of magnitude more landslides in the actual land
scape. Therefore I urge any groups intending to compile a national landslide database to ensure it is
based on primary mapping rather that secondary sources.
Massarsch:
One has to make a distinction between
Monitoring systems
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Warning systems
Monitoring systems give information to a 'data-base'. Warning systems also involve adequate inter
pretation of the recorded parameters.
Land use planning is a key question. Red lines on a hazard-zoning map have different meanings for
quick clay slides and avalanches. In Sweden we have a good tradition in informing people. The pre
diction of a slide is basically the same problem as weather forecasting.
Sellberg:
There is a challenge for experts to inform people who do not know anything.
Berggren:
Risk communication is most essential. One has to distinguish between two different sorts of commu
nication
From experts to experts
From experts to other parts of society
A very good help in the planning and enhancement of communication is a report by Chess, Hance &
Sandman, 1993: Improving Dialogue with Communities: A Short Guide for Government Risk Commu
nication. Department of Environmental Protection of the State of New Jersey, 1993.
Cost benefit analyses for the best use of available economic resources.
There is a need of harmonising in procedures for risk assessment. How shall expenditure be optimised
in Europe? One part of this is the exchange of data at expert-group meetings, another network build
mg.
Harmonisation is difficult, but e.g. for shear strength we are close to a harmonised situation. We
should not exaggerate the differences we can see as experts but try to set us in the position of the lis
tener, the public. Just to meet is to harmonise.
Scavia:
There exist some major problems, which are not solved yet and in which contribution from experts is
essential:
In the study of a particular landslide there might be an evolution of a landslide into a catastrophic
event. How can we in some way forecast this catastrophe? Parameters in mechanical approach might
be a part of the solution. Then, there is the problem of mapping, which often is a black-box procedure.
Can we make the black-box grey at least? Can we find the relation between the mechanical properties
and the event?
Communication to people is difficult. In landslide and avalanches people often do not accept the idea
of uncertainty, i.e. not full certainty. This is not always a problem in other fields, metrology, traffic
accidents etc. What is done in the different countries of these problems?
Niederbrucker:
X-CALAR has covered many topics? Has it been too many topics? There is an impression of simi
larities between snow people and soil people. How can we work these similarities out? We need a
toolbox for inventory. Can we have the same toolbox in this first step? We have used a scientific lan
guage. What can we do for the end-users? What do they want from us?
Harmonisation of inventory should be discussed in the future.
Lied:
Some remarks regarding hazard zoning:
In a national database the division into falls, slides and flows is simple but sufficient.
To assess the probability of accidents we must be able to predict the reliability of the models.
Regarding runout models, there seems to be synergy effects to be found between experience from
different nations and between models for avalanches and landslides. The accuracy of the hazard lines
in a frequency map is one example.
National accepted hazard levels are decided by politicians. It is desirable to have an international har
monisation of hazard levels. This harmonisation should refer to all natural hazard levels.
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There exist two kinds of slides, they who are triggered by gravity and they who are triggered by them
selves.
On all slopes, where slides can occur, they occur. On all other slopes they occur also, but it takes a
little bit longer time.
Corominas:
Large consequences are costly, remedial measures are not feasible, warning systems are effective.
Procedures should be harmonised. How can we achieve this?What shall we do with the results of the
procedures on a national level? Harmonisation of procedures gives us a common language to discuss
these questions.
Hubl:
Reduction oflandslide risk is obtained by reducing the probability or/and remedial measures.
Grande:
I will go back to one line from John Hutchinson. Is warning systems the right way? It might be right
for avalanches, which we know occur repeatedly, while quick clay slides never repeat themselves.
We have to be aware of man-made slides; education is important. The Norwegian experience from
monitoring of offshore systems is that we become loaded with data. Our strategy has become to match
a calculation model with behaviour but not use a warning, a red lamp on the platform.
Communication is important. We need psychological help with strategies. The Rissa landslide was
difficult to discuss with the people in Rissa. Prediction of the next slide is difficult. We have good
mechanical models, which give many candidates but we do not know, which will slide. Natural slopes
are always on the rim of sliding.Regarding harmonisation: We have an experience from the oil indus
try. A second opinion from another nationality is very good.
v Poschinger:
Harmonised actions are necessary - how to get shear strength is most essential. In Germany attempts
have been made with very bad result to develop harmonising procedures for soil protection. The task
seems to be terribly difficult.
We should not exaggerate the need of harmonisation. I can live with the fact that there is different
interpretation of a landslide on different sides of the border between Austria and Bavaria. The worth of
harmonisation concerning landslide assessment may be partly overestimated. The aim must be to har
monise as much as necessary and as few as possible. The relation of effort to benefit must be in favour
for any potential harmonisation subject. Landslides are local phenomena, which can be dealt with on a
local scale. Nevertheless, some standardisation may be helpful for the hazard or risk assessment, so
that a potential investor can compare landslide susceptible sites, even if they are in different countries.
Kienholz:
There are too many black boxes. We must concentrate to prepare tools to show and visualise the ava
lanche or landslide; a good example is Poisel's presentation X12. Within Switzerland harmonisation of
risk levels is taken place, though local levels must be locally decided. The philosophy is to reduce risk
by land use planning. Harmonisation within Europe is difficult, perhaps impossible.
Kilburn:
Just discussions result in harmonisation.
A better understanding of the physics give us an understanding of how to make extrapolations in new
circumstances. Hence, in addition to harmonising of communication we need a better understanding of
the physics.
Lateltin:
Prevention of risks can be accomplished by land-use planning. It is interesting with proposals for har
monised hazard mapping, but we have to start now.
End of discussion
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ORIGINAL PAPERS
DISPLACEMENT MONITORING BY GPS IN THE LANDSLIDE
AREA OF EBNIT; AUSTRIA

U. Schneider, K. Czurda & T. Fernandez-Steeger

The field area of the project is the Ebnit valley in Vorarlberg, Austria. Specialists in geology, hydrol
ogy, geodesy and mechanics have joined together to deal with "Hydrological and kinematic processes
concerning landslides in cohesive sediments".
Geologically the area is part of the Vorarlberg Helvetic nappe and the rocks are mainly composed of
cretaceous limestones and marles formations. Vorarlberg was covered by two major glacier systems
during the Upper Wtirmian which moraine material and freshwater clays and silts were deposited.
Rock fall deposits overlay the morain and weathered limestone and marles. In the area movements
occured since the end of the period of glaciation. According to modern slope movement classification
systems Ebnit valley is mainly affected by slow plastic creep processes.
The shear strength parameters and laboratory investigations of the landslide body were recorded. The
geological, geotechnical and hydrological setting has been mapped. The soil physical analyses and
geotechnical measurements have been completed by data of deep boreholes equipped with inclinome
ter tubes and by piezometric mesurements and meteorological parameters. By periodic measurements
the horizontal and vertical surface displacements, the directions and speed of 43 observer points in the
landslide were examined with help of Satellitic NAVSTAR-Global Positioning System methods. One
important interface between mechanics and geodesy is the interaction between dynamical models for
the landslide and the motion or deformation pattern coming from geodetic measurements, which can
be used to define, develop, adjust or tune the model.

Startine Foil (panorama photo of Ebnit)
The model area EBNIT VALLEY in Vorarlberg / Austria belongs geologically to the Helvetic nappes.
These consist mainly of lime- and marl formations .The rocks from the cretaceous period are partly
covered by pleistocene moraine sediments as well as by postglacial rock debris. (rockfall deposits).
The movements of the slopes of about 8 centimeters a year result in substantial damage on buildings,
roads and streets, supply conducts for electricity, telephone, water etc in the area of EBNIT.
•
•
•
•
•
•

The following facts were observed as the cause of the slope movements at EBNIT:
The weathering detritus of the limestones (for example of rock debris/ till) is very rich in clay, (so
that the weathering leads to a concentration of the clay minerals.)
The slopes of the village and its neighborhood are relatively steep (up to 20 degrees)
The yearly precipitation in the EBNIT valley has a very high level. (1900 to 2100 mm per year).
Creeks undercut the slopes, thus reducing the embutrnent to the slope toe.
The movements are of sliding and creeping origin.

It has been observed that the movements of the permeable moraine till and rock debris take place on
the less permeable marl layers. The marl surface acts as sliding plane.

Foil 1 (Measuring points of GPS)
The EBNIT region covers about 24 square kilometers and is therefore too large for a classical terres
trial survey.
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Traditional survey campaigns in this region would have been extremely cost intensive in terms of
manpower and time.Therefore it was decided to do surveying using a GPS to register the displace
ments.
Several reference points (five) were determined around the valley. Their positions were either already
exactly known or measured by an exact survey. They are usually positioned on the top of the sur
rounding mountain peaks (summits).
For the analysis 43 object points, divided into 5 sections have been fixed within the moving mass. The
points were marked on blocks of rock falls. If no rocks were there, boundary stones were set.
The survey was carried out with the NAVSTAR-GPS. NAVSTAR GPS has been developed by the
US-Army as a satellite based navigation system. It consists of 3 segments, a space segment (with 27
satellites), a control segment (with tracking stations around the world), and an earthbound user seg
ment (receiver and control unit).
The EBN1T project used 5 receivers to increase the accuracy. One receiver gives a position to about 20
to 50 centimeters, whereas the EBN1T project with 5 receivers reduces the errors to less than 10 mil
limeters, contacting at least 4 satellitesat the same time.
(The normally used three simualtaneous contacts are not exact enough).
The object positions are in three directions (x, y, z) plus time as vectors, are processed by special pro
grams of the geodetic Institute at the Karlsruhe University and provide the point's geodetic coordi
nates.
Foil 3 (GPS field eguipment)

In general, the reference points are surveyed and monitored continuously by the static method, or at
least 4 hours per day.
The object points were surveyed according to the stop and go method during the survey campaigns.
The results proved that the measurements of the stop and go procedure are sufficiently accurate (com
pared to rapid-static).
rapid-static
At every point of a measuring chain, data are taken during 20 minutes. Only during this time period
the receiver is in operation. This is a relatively exact ( 5 - 10 mm ), but very time consuming proce
dure.
stop and jl;O
A measuring chain will be walked down, with steady contact to the satellite. beginning with a 10 min
utes initial measurement, followed by a 1 minute sequence at each further point of the measuring
chain.
Compared to the rapid-static procedure, this method is by far faster and provides acceptable accuracy.
An essential precondition for the successful application of the GPS-system is an
unobstructed view to the South, no shadows of hills, mountains or trees,. So only wide and open val
leys are suitable. If these preconditions are not given, as at the lower HEUMOSER HANG / slope, the
traditional terrestrial methods have to be used.

For the analysis of the deformations, the position of the object points are related to the primary zero
measurements of the survey. Comparing the annual survey data on to another, the deformation be
comes obvious and the motion can be assumed.
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Foil 4

(deformation analysis)

In cooperation with the Geodetic Institute, these measurements are recorded since 1995.
Most of the points are now surveyed and monitored for 39 months.
In 1998 data were taken for a surfacial (2-D net) scheme of one section of the EBNIT area, (in total 3
survey campaigns).
To construct the deformation plane with the 2-D net, the movement vectors are interconnected after
each data taking period, out of which the surface is being calculated for every period. In this particular
case during 5 months. The external points give the contour and the red arrows indicate the directions
of diplacement. The advantage is, that the movements can be better demonstrated as all points are
observed simultaneously.
The lower illustration shows the displacement of the single object points. The yellow circles represent
the confidence ellipses. If the vector is still found within the yellow ellipse, this point is considered to
be motionless. If the vector point is outside this ellipse, it is considered to have experienced motion.
The red arrow indicates the direction and amount of the displacement. The size of the ellipse depends
on the data quality which is influenced by atmospheric and stellar interferences (ionospheric interfer
ences, solar winds).
In summary, it can be stated that the results of the GPS measurements confirm the processes prognos
ticated by the findings of the the geological and geo-technical mapping, as well as inclinometer sur
veys and convergence lines.
The selection of the survey point depend on the geo-technical and geological conditions and require
the corresponding preparative field studies.
The use of rocks and boundary stones as object points and their stable fixing within the moving masses has
proved to be very effective.
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ORIGINAL PAPERS
DOREN LANDSLIDE

GEOTECHNICAL AND HYDROLOGICAL RESEARCH
E. Ruckert & K. Czurda

In the most western province of Austria, in Vorarlberg, the Molasse Zone forms a wide range of the
Eastern Alpine foreland. One of the remarkable geological features of this zone is a series of elastic
rocks containing thick clay and marl interlayers. Creep and slide movements are common and are
steadily threatening inhabited and agricultural areas, roads, electric power lines etc.
In 1988 and 1998 two enormous landslides with about 2 million cubicmeter mass conversion each
narrowed and partly dammed the river Weissach near Doren at two locations only 3000 m apart from
each other.
The Doren landslide has been surveyed and geotechnically monitored for years. In 1998 a further field
campaign was started to get a more complete understanding of the actual hydrological and geotechni
cal situation. The field investigation was accompanied by laboratory tests.
The landslide itself is 180 to 300 m wide, about 700 m long and has an average slope angle of 11 °.
Despite this the upper part has an inclination of about 45 - 50°.
Morphologically and geotechnically the Doren landslide is divided in a flat high slope, a steep marl
wall (visible sliding plane) and three drifted blocks. The upper block was rotated down along the marl
wall. The lower blocks were motioned translatorily and are internally broken.
Today the high slope is the most active part of the landslide. Despite all efforts the upper scarp at the
high slope is still moving backwards. The movements are triggered by precipitation and the water
balance in the higher catchment areas. Therefore two tracer experiments were made to indicate the
position and extension of the two catchment areas.
Because of a further acceleration of the movements in the beginning of 1999, in summer new im
proved drainage systems will be installed to stabilise the high slope. The slower movements in the
lower parts of the landslide will be furthermore monitored.

Starting Foil (Photo of the landslide in the 70 th)The Doren landslide is situated in the Molasse
zone of Vorarlberg.The outcroping sedimentory rocks of Oligocene age ( Eger ) consist mainly of
interbedded marl and sandstone layers with interposed conglomerates. The landslide is active at least
since 1847. Further major events occured in the years 1927, 1935, and 1988, each with more than 2
millions of cubic meters of moving mass.
Foil 1 (Airial photo of the landslide)
The landslide is around 180 meters wide at the steep top area, enlarging to about 300 meters at the flat
lower area on the banks of the WEIS SACH river. The distance between the high slope and the river is
about 700 meters with a hight difference of approximately 200 meters. The average slope angle is only
11 °, although the top area of the marl wall is 45-50° steep (Photo). The landslide has a volume of two
to three million cubic meters. The photo was taken after the last big sliding event in 1988.
It shows very well the structure of the landslide. You can see flatter slope movements above the main
scarp and three drifted blocks below the main scarp. The blocks have been broken into sections and
are rotated. Between the single sections you can see the sliding plane wich is more or less covered
with debris. The sharp eastern front (edge ) of the landslide can be seen very well and is most likely of
tectonic origin.
Foil 2 (Research program)
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Since 1988 extensive research has been done by the Institute of Applied Geology. Today I want to talk
mainly about the results of the mapping and engineering geological assessment (research) as well as
on the hydrogeological findings.
The geotechnical examination of the landslide started in 1935 and first stabilizing measures (efforts )
were undertaken. These included a drainage gallery (tunnel) planned by STINI, followed by biological
barriers( trees etc.) during the 50 (fifties) and further drainaging measures and barrier constructions at
the end of the eighties.

Foil 3 (high slope with backwards moving scarp)Despite all the efforts, since 1935 the upper scarp
moved (backwards) about 60 meters to the north. The foil (figure) clearly shows the main scarp in
marls ( dented line ) and an (the) activ backmoving scarp in the debris behind the main scarp. The
indicated years along the dotted lines show the backward movement. The thick surounding line indi
cates (shows) the actual border (front) as well as the scarp of the sliding area.
Foil 4 (geotechnical cross section)
The movements in the landslide are best explained by the geotechnical cross section. At the high slope
washouts are the result of heavy rain fall or other precipitations as well as liquefaction from local
springs. These springs are mainly located at the interface between debris and marls. This destabilizes
the moraine till. Small conchiform ( shell shaped ) scarps occur and smaller blocks start sliding. Still
today this section ( area ) is exposed to the strongest alterations. Towards the marl wall many small
scarps are visible (terraced field). At the marl wall outcrops the main sliding plane ( slip face). Along
this sliding plane the first block rotated down. In the second block the changes to a translative move
ment can be recognized. It sled down as a whole, but broke internally into various blocks. These single
blocks have rotated partly what is doc,umented by the drunken forest (tilted trees).The third block has
moved purely translative. At its front it is constantly eroded by the Weissach River, resulting in a
steady crumble away.
The sliding plane is probably about 25 meters below the surface of the first block, but in the lower
section it is only 10 meters deep. Therefore a continuous development from rotating to tranlative
movements can be observed in the landslide. The main sliding plane flattens visibly from the marl
wall towards south.
Foil 5 (hydrogeological situation)If we look at the recently most active part of the landslide, the high
slope, it becomes clear that the processes in this area are largely influenced and controlled by the hy
drogeology. Therefore two tracer-tests have been made (carried out) in 1995 and 1998. To detect the
recharge area URANIN and EOSIN has been fed. It was clearly shown that most slope waters ( tail
waters ) of the HUTTERSBERG are well transported ( draind) through the existing drains. The subsur
face waters of the high slope could be attributed to two catchment areas above the road
LANDESSTRASSE L 4. The waters of the first catchment area, the MUXEL property, flow mainly
towards the landslide parallel to the slope by internal inhomogenitis. The water outlets of the second
catchment area further to the east are at the border between marls and the moraine. They appear to
flow northeast on the marls towards the upper scarp. These results show that the STINI gallery was
from the hydrogeological point of view correctly positioned, but it is over- and underflown by slope
waters. The deep drain system above the landslide is also seeped by the slope waters,as tracer exits
(outlets) on the scarp show.
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ORIGINAL PAPERS

RESOLUTION DIFFICULTIES IN ESTABLISHING LANDSLIDE SPATIAL AND
TEMPORAL DISTRIBUTIONS OF HAZARDS AND RISK ASSESSMENT
James Griffiths
Department of Geological Sciences and Plymouth Environmental Research Centre
University ofPlymouth, United Kingdom

INTRODUCTION

Inventories form the basis for most landslide hazard and risk assessment programmes. However, the
number, type, scale and frequency of the landslides compiled in the inventory are dependent on the
resolution, techniques employed and general philosophy of the original data collection exercise. As a
result, the subsequent attempts to carry out landslide hazard and risk assessments can be seriously
compromised.
In this paper, following a discussion on the basic concepts of hazard and risk assessment, two land
slide inventory case studies, that the author was involved with, are outlined. The first is the U.K. na
tional landslide database that was compiled between 19984 and 1989 by Geomorphological Services
Ltd (GSL) for the Department of the Environment (GSL, 1987). The second is the Natural Terrain
Landslide Inventory (NTLI) for Hong Kong compiled by the Government's Civil Engineering Of
fice/Geotechnical Engineering Office between 1995 and 1996 (Evans, 1998). In both case studies only
the points relating to the resolution difficulties will be discussed and for full details of the inventories
reference should be made to the relevant open-file Government reports and publications.
Hazard and Risk

The definition of the terms hazard and risk, in relation to natural processes such as landslides and
avalanches, are now well-established in the literature and are presented in the Regional Reports com
piled for the CALAR project. The explanation of these terms is expressed graphically in Fig. 1. From
the perspective of the 'End-User' (Government, Local Authorities, Town Councils, the general public
etc), the requirements from the landslide or avalanche specialists are to answer the following ques
tions:
1. What is the nature and extent of the hazard?
What type of failure is going to happen (e.g. avalanche, rockfall, debris flow etc )?
How large will the event be (i.e. volume)?
Where will it happen (spatial variability)?
When will it happen (temporal variability)?
How far will it travel (runout)?
How large an area will it affect, both upslope and downslope (retrogression and progression)?
2. What is the magnitude of the risk?
Who and what will be affected?
How much damage will the event cause?
What contingency arrangements are needed?
3. Who is responsible (liability)?
Is anybody to blame?
Who will plan the contingency arrangements?
Who will pay to clean everything up?
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These questions are basically the same for all natural hazards that affect humankind, and are identical
for assessments of landslide and avalanche hazard and risk. If we are going to carry out a programme
of research and development to reduce the risk from natural hazards, then the results of these studies
must be measured against our ability to answer the questions posed by the End-Users.
A critical first step towards understanding the scale of the landslide hazard in a region is to compile an
inventory of the number of landslides that have occurred. This inventory must include details of both
contemporary and relict landslides if any attempt is going to be made to investigate the relationship
between the frequency and magnitude of landslide events. In the rest of this paper, two examples of
landslide inventories are discussed.

United Kingdom National Landslide Database
Between 1984 and 1987 the Department of the Environment (DoE, now the DETR) commissioned a
project to review research into landsliding in the UK. This was subsequently published as an open-file
Government report (GSL, 1987), and the results are summarised in Jones & Lee (1994). As part of the
study, a computerised database was compiled containing records of all identified landslides based on
information from technical papers, books, maps, and, when it could be obtained, data from civil engi
neering companies and local authorities. The original dataset was added to during an extension to the
contract and by 1989 it contained the details of 8835 landslides. For planning purposes the data were
compiled on to a set of 1:250,000 scale maps of the country and the distribution was assessed in detail
in a number ofregional reports (GSL, 1987).
The United Kingdom National Landslide Database provides a unique record of the research carried out
in to landslides in the country. However, it does not necessarily reflect the actual number of landslides
that exist in the landscape as the study involved no primary data collection through either field map
ping or aerial photograph interpretation. An example of the problem this created is indicated by the
results of a study of the Torbay area in the Southwest of England, also carried out by GSL for the DoE
during the period 1986 to 1988. The Torbay study was a programme of applied earth science mapping
at 1:25,000 scale (Doomkamp, 1988). Field mapping, as part of this project, by the author and Mr Lee
raised the number of recorded landslides for the area in the landslide database from 4 to 304, although
it should be noted that 290 of these were coastal. Similarly, detailed mapping in the Rhondda Valleys
in South Wales (Sir William Halcrow & Partners, 1988) led to an increase in the number of landslides
in the database from 102 to 346. This was despite the fact that the area had been subject to a major
landslide inventory by the British Geological Survey in 1980 (Conway et al 1980).
Clearly the existing UK landslide inventory grossly underestimates the actual number of landslides in
the landscape. This means that any attempt to calculate landslide distributions (i.e. landslides/km2) for
use in landslide hazard studies can only provide an indication of the relative hazard rather than the
absolute value that would be needed for subsequent risk analyses.

The Hong Kong Natural Terrain Landslide Inventory (NTLI)
The Civil Engineering Office (CEO) of Hong Kong has a long and very successful history in tackling
the problems of slope instability. The present state-of-the-art is summarised in the book edited by Li et
al (1998) entitled "Slope Engineering in Hong Kong." One of the most recent developments has been
the compilation of the NTLI that contains information on 26,780 landslides that have been identified
in the territory. The data were compiled from vertical aerial photographs with scales between 1:20,000
and 1:40,000 taken regularly over the period 1945 to 1994 (Evans, 1998). The regular nature of the
aerial surveys has allowed the NTLI to be used to establish the size and frequency of landslides in the
Territory and has led to the creation of a preliminary landslide susceptibility map (Evans & King,
1998). The data are also being used to develop a comprehensive landslide risk assessment for Hong
Kong (Griffiths et al, 1999), with the long term aim of ensuring that the risk is not increased by new
construction developments (Malone, 1998).
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The NTLI represents a formidable dataset, but, as King (1997) points out, it basically only records the
relatively recent debris slides and debris flows (described in the report as debris avalanches) that were
visible on the aerial photographs. Ancient deeper seated and larger landslides may have been missed
by the study. Similarly, small-scale failures could not have been identified from the scale of aerial
photographs used. This is illustrated in figure 2 where the distribution of identified landslides for dif
ferent length ranges are plotted. The modal class is 20-30 metres, which can only be the result of the
under-representation of smaller landslides in the dataset. Whilst the main risk to the Territory is from
debris slides and debris flows, a full appreciation of the temporal and spatial risk requires that all types
and scales of landslides are identified. Further investigations in to this issue have now been commis
sioned by the GEO.
CONCLUSIONS
In order to analyse the risk from all natural hazards the initial stage of the research involves the com
pilation of the basic historical data. Without these data the magnitude and frequency of the hazard
cannot be determined and hence the scale of the risk cannot be calculated. However, the compilation
of these data is a complex task when dealing with processes such as landslides and avalanches that are
variable both in space and time. Based on the authors experience, the accuracy, and hence full quanti
fication of hazard and risk, is critically dependent on the method and scale of the original data collec
tion programme. Quantitative assessment of the hazard and risk requires more than just historical ar
chive data searches and remote sensing interpretation. In landslide research, these desk studies will
only ever provide a subset of the actual spatial and temporal distribution of landslides and must be
supported by field investigations. These field investigations do not necessarily have to involve expense
drilling and boring programmes. Experience in the UK has demonstrated that field mapping by trained
specialists will result in the collection of a comprehensive dataset of both active and relict landslides.
However, if the frequency of landslide of different magnitudes is going to be established then dating
of relict landslide events is necessary and this involves more expensive investigative techniques.
Until suitable landslide and avalanche inventories are compiled, hazard assessment will have to remain
at the level of ordinal scale ratings. This is sufficient for most planning purposes. However, based on
the experience in Hong Kong, in the future it is likely that End-Users will be asking for more quanti
tative assessments of hazard in order to build these into comprehensive risk management programmes.
Thus, the questions presented near the beginning of this paper remain the ones that, in the longer term,
natural hazard specialists must begin to answer.
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ORIGINAL PAPERS
SLOPE STABILITY ANALYSES -A PROBABILISTIC APPROACH
EXAMPLE FROM THE GOTA RIVER VALLEY, SWEDEN

Claes Alen
NCC Teknik, NCC AB, Goteborg, Sweden
Department ofgeotechnical engineering,
Chalmers University of Technology, Goteborg, Sweden

Alvlandskap (River landscape) ofivar Ivarsson,
Museum of art, Goteborg

The river valley is characterised of gentle slopes and deep deposits of soft, plastic clay
What is a risk?
A risk can be said to be the answer to two questions:
What can happen,
i.e. what are the consequences
of an unwanted event?

Slide in Goteborg harbour 1909

How likely, i.e. what is the
probability for the unwanted
event?
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Appendix Al
Traditional analysis
The use of limit equilibrium analyses of landslides originates from experiences in the expansion of
Goteborg habour in the beginning of the century.

A slide in Goteborg habour 1916, was the first slide to be analysed with a limit equilibrium
method, Pettersson & Hultin (1955).
To cope with uncertainties
Uncertainties give rise to a random behaviour of an observed reality. How can we address this
randomness?
Randomness can be seen principally in two different ways.
God is throwing a dice
God plays with marionettes
From our perspective we cannot se the difference if we cannot see the strings attached to the dolls, i.e.
the cause of a certain phenomena. Hence, the random behaviour can be seen as the difference between
our knowledge, manifested in an applied model, and the physical reality or in other words, the
uncertainty at hand. Whether the deviations are due to lack of knowledge or natural variations is of
minor importance. The probabilistic approach becomes a way to deal with uncertainties of a
traditional analysis.
Reality

Model

Uncertainty

Uncertainty - Deviation between reality and knowledge/model

Landslide risk analysis in the Gota River valley
The landslide risk analysis described below is mainly based upon three references
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Swedish national guidelines for slope stability analysis, 'Guidelines ... (1995)
The guidelines propose a procedure for best
practice of traditional analysis. It can be
regarded as e a state-of-the-art report of the
of slope stability analysis in Sweden.It forms
the reference for understanding the problem
regarding
- Soil mechanics
- Soil properties
- Calculation models
On probability in geotechnics, Alen (1998)
This reference is a doctoral thesis by the author
about the use of probability in geotechnical
design. The thesis can be seen as a toolbox
illustrated with examples from
slope stability analysis/ultimate limit state and
ground-superstructure interaction interaction/
serviceability limit state.

ON PROBABILITY IN GEOTECHNICS
R.\."l~I CALCULATIOS 1',IOl)EU EXEMl'UFIEO
O.'i SLOP£ STAOILITY A."iALYSlli -',,'It)
GROUNO-SU1'£1l.'>1'Rt.'CTURl: INTERACTID:-1

Landslide risk analyses in the Gota River valley
Landslide risk analyses are presented for two different
stretches of the river valley
- the Southern Gota river report ( 1994) from
Larje to Alvangen and
- the north-east Gota river report (1999) for
Lodose and Lilla Edet.

n

Goteborg
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Procedure for risk analysis

Activity

Traditional calculated factors of
safety are calibrated against
probabilistic analyses in a number
of characteristic valley sections.
An assessment of the probability
of failure is made, based upon the
factor of safety and other relevant
aspects (extension of quick clay,
uncertainty of sub-water slopes etc.)

Results

Stability analysis
Traditional
factor
of safety

F
Probabilistic
analysis
_ _ _ _ _ _ __.

Different scenarios of an assumed
landslide, (number of victims,
damage of properties etc) form
different impact classes.

Additional
relevant
aspects

The probability of failure (given
by stability classes) and the
consequences (given by the
impact classes) constitutes a
risk matrix. Hence a pair of
number can map the risk as a
risk class.

Probability of
landslide
(Stability classes)
Cosequences of
landslide
(Impact classes)

Risk classes
..

4

4/1

Ill
Ill

CJ

u

Landslide risk
(Risk classes)

.,

4/4

3/2

3

>:t:
1i 2
CJ

+-

\I)

1

1/4

1/4
,,.

1

2
3
4
Impact class
Mapping of stability classes (different
patterns) and risk classes (pair of numbers)

Risk matrix
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Example - Probabilistic stability analysis
Traditional analysis
The factor of safety can in a general way be written as

N-c
pd

F=where the stability number N is a geometrical property, c is the average shear strength and Pd is the
unbalanced vertical stress. Uncertainty can be addressed by treating the different parameters as
random variables in the analysis. Hence different uncertainties can be separated as uncertainty of the
geometry, e.g. inclination of the slope, uncertainty of the soil strength and uncertainty of the load.

Probabilistic calculation
The probability of failure can be calculated as p slide

= p( F < 1) = p(ln F < 0) , i.e

m

= ln(F)

serves

as a safety margin with 'm>0 Hsafe state' and 'm<0 Hfailure state'. In practical applications the
probability can be derived from the reliability index J3 asp= <JX.__-}3), where <I>( ) is the standard normal
distribution.
With the assumption that F has lognormal
distribution, the reliability index J3 can be
calculated as:

/] =

mean value
standard deviation

= ln(µN) + ln(µc) ✓

2

?

ln(µ pd )

VN +vc- +Vp d

2

p

where µ denotes mean values and V coefficient
of variations for the different parameters
respectively.

0

ln(µp)
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ORIGINAL PAPERS
ROCKSLIDE INITIAL FAILURE MECHANISMS AND NUMERICAL MODELLING

Rainer Poisel
Vienna University of Technology

INTRODUCTION
Following the topics of X-CALAR'99:
Inventory ( all kinds of investigations)
Mapping
Modelling
Hazard assessment
Risk assessment
Monitoring systems
Measures (protection, remediation, warning) of landslides and avalanches, the author is convinced that the
mechanism of a mass movement has to be the basis for
- Monitoring (which quantity has to be measured where; Kovari, 1990)
- Modelling and analyses
- Risk assessment
- Measures for decreasing instability and for warning.
Thus the motives of the contribution are:
- Trigger a discussion on rockslide mechanisms and their analytical and numerical models. Figure 1 was taken
as a basis of the discussion.
- Get the production of a multilingual (if possible) catalogue ofrockslide initial failure mechanisms and their
analytical and numerical models organised by a working group.
The discussion during X-CALAR'99 and after that in a working group founded during X-CALAR'99 showed
that
• rock fall as a result of overhang and
• rock slumping according to Kieffer (1998) have to be included in the synopsis (figure 1)
• toppling has to be divided into flexural, block and chevron toppling (see below).
As there is a big deficit in the exchange of the knowledge on toppling and sagging the paper concentrates on
these mechanisms giving the most important features of these mechanisms and some examples showing these
features.
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Sliding of a rock block on a single R.E. GOODMAN &
G.-H. SHI
or on two discontinuities
(translational sliding)
Block Theory (1985)

Sliding of several rock blocks
on a polygonal sliding plane

P. GUSSMANN
Kinematical Elements in
Geomechanics.
NUMOG (1988)

Sliding of a fractional body on a
shelly, newly formed sliding
A.W. BISHOP
surface (rotational sliding)
Geotechnique 5 (1955)
(mainly in rock masses oflow
strength, e.g. heavily fractured rock;
block dimensions<< slope height)
Toppling of column- or slab
shaped rock blocks
(similar to dominos; mainly when
joint strength is low and rock block
strength is high)
Slope sagging

R.EGOODMAN&
J.W.BRAY
Proc. Conf. Rock Eng.
for Foundations
and Slopes (1976)

Continuously decreasing creep of rock
mass downslope with increasing depth
(mainly in rock masses of low strength,
e.g. shales, phyllites)

O.C. ZIENKIEWICZ,
C. HUMPHESON &
R.W. LEWIS
Geotechnique 25 (1975)

Rotation of single rock blocks
(e. g. rotation of a rock block on a
discontinuity due to eccentric
bearing or partial yielding of
bearing)

W. WITTKE
Rock Mechanics.
Springer (1990)

Buckling of column- or slab
shaped rock blocks
(column- or slab thickness<< slope
height)

D.S. CAVERS
Rock Mechanics 14
(1981)

Translational or rotational
descent of tower- or slab-shaped
R.POISEL&
blocks of competent rock upon an
W. EPPENSTEINER
incompetent base
Proc. 5th Int.Symp.
("Hard on soft")
Landslides (1988)
Fig. 1. Examples of rockslide initial failure mechnisms and their numerical models.
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Toppling
Main mechanisms of toppling are flexural toppling and block toppling. Flexural toppling is the result of the
overturning of rock blocks formed by joints (schistosity, bedding) dipping into the slope (figure 2). A second set
of joints normal to the first one is already existing or is caused by bending. A typical feature of flexural toppling
is a sawtooth pattern of the slope surface (figure 3). When the second set ofjoints is more intense block toppling
takes place (figure 4). As a consequence of progressive failure in the joints dipping out of the slope block
toppling may result in a sliding failure after a certain amount of toppling. This mechanism was called chevron
toppling by Cruden et al. (1993).
Toppling can be modelled numerically very well by the distinct element code UDEC (Universal Distinct
Element Code) from Itasca (figure 5).

Sagging
Sagging is caused by the creep of rock masses which is a material property (Langer, 1979) and occurs in slopes
as well as in foundations and around tunnels in rock. According to the decrease of the stress deviator with
increasing depth below the slope surface creep of the rock mass downslope decreases continuously with
increasing depth (up to 200 m). Typical features of a sagging slope are shown in figure 6.
Sagging can be modelled numerically very well by the code FLAC (Fast Lagrangian Analysis of Continua)
from Itasca. Figure 7 shows a slope in a Bingham material (Langer, 1979); the velocity distribution typical for
sagging slopes (Zischinsky, 1966) can be observed very well by the originally vertical lines of the grid.

There is no difference between toppling and sagging in principle because reducing block size means a change
from toppling to sagging (comp. velocity distributions in figures 4 and 6). However, toppling is ruled by
structure because the strength of the joints is decisive, whereas sagging is ruled by the strength of the rock
material. Investigations by Reitner, Lang, and van Rusen (1993) in a mountain built up by phyllonites dipping
steeply to the North have shown that sagging dominates in the slope dipping to the north, whereas toppling
dominates in the slope dipping to the south
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Fig. 2. Typical
features of
flexural toppling

Fig. 3. Toppling
slope at Highwood
Pass (Canada)

Fig. 4. Typical
features ofblock
toppling (according
to Hofmann, 1972)
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because in the slope dipping to the south schistosity planes have an orientation optimal for toppling. In the slope
dipping to the north rock strength dominates leading to sagging because the orientation of the schistosity planes
does not make toppling possible.
Water is a very important factor, and it is possible to include the effect of water on the stability of a rock slope
in a coupled mechanical-hydraulic analysis by the above mentioned codes. The real problem, however, is to get
the information necessary. In most mass movements the hydraulic conditions are very complex and we never
know them exactly.
3D-effects also are very important and have a strong influence on the stability of rock slopes, although they are
very often neglected. Figures 8, 9 and 10 show FLAC models of a straight, a concave and a convex slope built
up by the same Bingham material. Stability investigations by the shear strength reduction technique based on
the definition of safety by Fellenius (1927) have shown that a concave slope is much more stable than the
straight one as room is getting narrow when the mass is moving down. In contrast, the convex slope is a bit less
stable than the straight slope (Preh, 1999; Roth, 1999; Zettler, Poisel, Preh, Roth, 1999).
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Fig. 8. Sagging of a straight slope modelled by FLAC3D;
grid (left), shear strain rate (right); (from Roth, 1999)
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Fig. 9. Sagging of a concave slope modelled by FLAC3D;
grid (left), shear strain rate (right); (from Roth, 1999)
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Fig. 10. Sagging of a convex slope modelled by FLAC3D;
grid (left), shear strain rate (right); (from Roth, 1999)
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Transition from toppling to sagging
A very interesting item is the transition from toppling to sagging. Stresses in the toe area of toppling slopes are
very high (Rittinger, 1978) because the whole slope is lying on the toe (comp. figure 5). Thus the rock material
fails and is very often completely crushed. Rock material strength is approaching its residual strength which is
the strength of the joints. So the complete mass is no longer discontinuous, which leads to sagging in the toe
region (figure 11). This mechanism can be modelled very well by UDEC assuming the block material as a
Bingham material (figure 12). A comparison of figures 11 and 12 shows that the features characterising the
transition from toppling to sagging can be modelled very well by UDEC.
Figure 13 gives an overview of a toppling-sagging slope in phyllonites dipping into the slope. As orientation of
schistosity is optimal for toppling, toppling started after deglaciation (downmelting of the ice) leading to the
formation of trenches between the giant rock blocks (sawtooth pattern, figure 14). Increasing displacements led
to a strong increase in stresses in the toe region resulting in crushing the material and in changing the orientation
of schistosity from steeply dipping into the slope to almost horizontal (figure 15).
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Fig. 12. Transition from toppling to sagging modelled by UDEC
(from Preh, 1999)

Fig. 13. South slope of Weisse Wand (South Tyrol, Italy)
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Fig. 14. Trenches due to toppling (sawtooth pattern; schistosity dipping steeply into the slope; toe of slope to the
left)

Fig.15. Crushed rock in the toe area, schistosity almost horizontal (arrow)
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ORIGINAL PAPERS
GEOTECHNICAL ANALYSIS AND MAPPING

J Rohn

SUMMARY OF THE PRESENTATION
The area under research is situated in the central part of the Northern Calcareous Alps, about 60 km
east of Salzburg. In 1989 investigations began at the 3 km long Stambach earthflow. A big number of
geotechnical mappings followed. The earthflow had been reactivated in 1982 after 3 rockfalls from
the Zwerchwand had occured in 1978, 1980 and 1981 with 130 000 m3 in total
Of further interest are the results of the geotechnical investigations in the Sandling region mapped by
Reiko Schneider and in the Raschberg region, mapped by Markus Resch. Much was done up today,
but there is more left to be done: Especially the region south of Mt. Plassen and the Loser region east
of Mt. Plassen have to be investigated to get a full picture.of the deformation system.

Geology
The area under investigation is situated in the the Hallstatt Zone of Bad Ischl-Bad-Aussee. This zone
is situated between the juvavic Dachsteinnappe in the south and the tirolic Totengebirgs- and
Hollengebirgsnappe in the north.
A look at a local geological map shows the big diversity of permian to cretacous saltclays, marls and
limestones. The Sandling region is composed of jurassic limestones which are usually underlain by
marls and regionally by mobile saltclays of the so called Haselgebirge. The Raschberg region is
composed of triassic limestones which are underlain by jurassic marls. The Zwerchwand region
consists of jurassic limestones situated above Haselgebirge. The limestone complexes look as if they
had been broken up due to tectonic events, parts of the puzzle though are related to big mass
movements since the last glaciation event.

Mt. Zwerchwand
The geotechnical situation of Mt. Zwerchwand shows the correlation between rockfall material and
earth flow activity:
The tiggering-process is undrained loading due to rockfalls. Because of the porewater overpressure
the subsoil is only retained by the undrained cohesion. But in the example of Mt. Zwerchwand the
mechanism is more complex.
There has been a time interval of 10 months between rockfall and earthflow reactivation. In this case
the rockfalls did not reach the earthflow on their direct way, because the rockfalls had not been long
enough to reach the earthflow situated in some distance to the rockwall at once. The rocks needed 10
months to slide down the hill as a mixture of Haselgebirge and rockfall material to reach the
earthflow and reactivate him.
The geotechnical investigations also showed, that the earthflow was only a small part in a system of
much bigger mass movement processes influencing the whole Hallstatt unit. Especially in the east
side of the Stambach earthflow rootless limestone complexes lying on younger marly sediments were
discovered. Their position can only be explained if they ar originate from another big rock-slump
from Mt. Raschberg which is situated about 1 km of distance away.
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Mt. Sandling
Mt. Sandling is situated about 3 km east of Mt. Zwerchwand. The orthofoto shows that the area has
unusually many young rock fall zones. A 200 000 m 3 big rock tower, called the Pulverhomdl
collapsed in 1920 causing a big earthflow due to undrained loading and squeezing out of incompetent
marl and Haselgebirge.
Another rock tower is the Usinni Kira toppling rockmass. Our geotechnical mapping showed that the
geotechnical situation in this case is more complex than the logic chain:
lateral spreading - toppling - rockfall - undrained loading - earthflow activation.
The comparison between geotechnical maps and orthofotos gives a better understanding of the
ongomg processes:
Due to lateral spreadind the limestone cap of Mt. Sandling is broken into many domaines so that the
limestone units drift into different directions. The movement mechanism can change at the border of
the limestone cap because near the border rock slumps and toppling processes are possible here.
Collaps of the instable limestone border also reactivates earthflows.
Detail investigations and photos made from a low flying paraglider show that there are leftovers of a
toppled rock tower as well as various dilatation zones. It was also visible that the distruction of the
limestone plate is very intensive due to many scarps and dilatation zones, so that the surface of the
mountain looks like a rock glacier or a rock labyrinth.

Fig. l: Detail of a rock labyrinth with long extension structures in the south of Mt. Sandling.
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Fig. 2: Remains of a 200 000 cubic metres big rock tower, which collapsed 1920 in the south
east part of Mt. Sandling. The collaps activated of a big earthflow.
Mt. Raschberg

Mt. Raschberg is part of an anticline structure of Hallstatt limestones lying on jurassic marls.
The position of the limestone slabs can be interpreted by two processes: Lateral spreading in
the eastern and rock slumping in the western part. The limestone slabs are drifting mainly into
southern and southeastem directions, meaning that their movement is exactly in direction of
the Stambach earthflow. The problematic Hallstatt limestone fragments east of Stambach
eartflow are remains of rock masses sliding down from Mt. Raschberg. It is very probable that
the giant rock slump and the surrounding lateral spreading phenomenes have caused the first
activation of the Stambach earthflow at their front, as the earthflow borders directly to these
old mass movements.
Radiocarbon datings of buried wood fragments in the Stambach earthflow gave an age of at
least 9700 (+/-500) years before present for these mass movements.

SUMMARY

The complex geological puzzle of the Hallstatt Limestone Zone of Bad Ischl - Bad Aussee is
largely parts influenced by young mass movements. Many of these deformations have been
misinterpreted as tectonic structures up to today. The real tectonic composition of this tectonic
unit can only be fully understood if in a first step the gravitative movements are reconstructed.
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SESSION REPORT
TECHNICAL REPORT LANDSLIDES IN SOFT AND SENSITIVE CLAYS
Lars Grande
Norwegian University ofScience and Technology, NTNU, Trondheim, Norway

Landslides in soft and sensitive clays
Summary
The paper tries to summarise in lay terms some of the specific features of landslides in soft and
sensitive clays as well as pointing to strategies for trying to reduce the frequency of such slides in
habituated areas.
Introduction

Figure 1. Idealized quick clay slide mechanism.
Highly sensitive and quick clays are mainly found in Canada, Norway and Sweden. These clays were
disposed during the last glaciation of these areas some 10 000 years ago, in sea water or under other
conditions were ions played a dominant role in binding the tiny flaky particles together during
sedimentation. With time different processes may remove or neutralise the ions thus removing the
"glue" that highly contributed to the stable grain skeleton structure. When these clays are remoulded
for instance during a slide, they turn more or less to a liquid soil mass that may flow rather freely long
distances even in very gentle slopes of the terrain. Canadian quick clays exhibit rather high strengths,
whereas the Scandinavian clays are generally rather soft. Accordingly, quick clay landslides in
Canada tend to be rather dramatic taking place in slope heights of 50 to 100 meters. In Scandinavia
the quick clays are much softer and weaker, thus landslides here typically take place in slopes of 10 to
30 meters height.
The quick clay areas are normally the most fertile soils in Norway and Sweden and thus among the
most densely habituated areas. Despite of the rather small proportion of the total land area covered by
quick clay the clays still represent a large part of the populated areas.
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Features of slides in soft and sensitive clays
When landslides occur in sensitive to quick clays the sliding soil masses change the consistency
dramatically to an almost liquid state. The remoulded masses may therefore easily flow out of the area,
leaving no support to the slope left behind, see Figure 1.
In short time this newly exposed slope will then fail too, and this retrogressive mechanism may take
place over a long distance (kilometres), even in a horizontal terrain as demonstrated in the Rissa film
shown by Odd Gregersen at this conference.
Some times the soil may fail below large bodies or blocks of surface soil (crust) so that intact sheets of
the soil surface may move down the slopes and run-out areas in very high speed, see Figure 2.
The idealised slide mechanism may of course be strongly modified by natural variations in the terrain
surface and the geometry of the soil strata. This is again strongly demonstrated in the Rissa landslide.
In some instances the crust type slide may stop after a relatively short sliding distance, either by
colliding with competent soil slopes or by restraining the remoulded quick clay in escaping rapidly
enough for maintaining the slide driving energy. If the slide is left non-provoked in this situation, the
remoulded clay will gradually consolidate and obtain greater strength and stiffness than before the
slide took place.

Triggering mechanisms
The main issue is the initial slide. This slide is often rather small and it often takes place in a modest
slope where the consequences may easily be underestimated. Several factors will release the initial
slide as shown in Figure 3.
Erosion
Crust sliding on a thin quick clay

-~
Figure 2. Crust sliding on a layer of quick clay,
Erosion by rivers and creeks often plays an important role. The erosion undercuts the slope by
removing masses in the toe of the slope so that the slope gradually gets steeper with time, see Figure 4.
In the "normal" geological process of land-upheaval the erosion activity moves upwards from the
coastline along the waterways in a rather predictive way, see Figure 5.
Plots of recorded quick clay slides with the date of slide as pertinent parameter may give a fair picture
of where the general erosion activity is most vivid. Based on this clear evidence Director Lauritz
Bjerrum from NGI just after the slide in Trygstad 1967 stated that given 50 MNOK over a period of
10 years he could guarantee that no more quick clay slides would happen in habituated areas in
Norway. The statement was never tested; the money never was raised.
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Figure 3. Factors which may initiate a slide.
Soil consists of discrete particles resting upon each other. For a slope to stay stable a certain friction is
required between the particles (grains). Ground water intrudes into the voids (pores) between the
grains tending to press the particles apart and thus reducing the inter-particle friction. Increased
ground water level will therefor lead to slope failure. Climatic conditions as well as human activities
influence the ground water level.
Human activity
Human activity may alter the inclination and the height of a given slope. This may trigger slides with
large consequences. Again, this is clearly demonstrated by the Rissa landslide. The soil masses
stemming from the excavation of the cellar for a rather modest pigsty were temporarily stored in a
small fill (less than two meters high) at the shoreline. This is by no means criminal, neither the farmer
nor the workforce can be blamed for doing so under "normal" conditions. Nevertheless, some ways
should be found in order to diminish the frequency of man-made slides, especially in areas with great
risk potentials.
Human activity may also easily influence the flow of water in creeks and rivers and thus change the
erosion activity. For instance may the sole paving of a parking lot lead to largely more extreme
fluctuations than ever experienced before in the flow of water in the nearby creek. The erosion may
therefor increase dramatically. If this increased erosion releases a quick clay slide the consequences
may be disastrous. The shocking lesson learned in a large project in Trondheim was that there is no
activity in a "normal" planning process where this risk will be evaluated or even discovered.

Mapping of potential slide areas
One obvious way to try to raise the awareness to human activity is to try to map the most risky areas.
This is not an easy task. First, it is tremendously costly to do pertinent ground investigations over
such large areas in question, secondly the economical impact for the landowners may be tremendous
so that the precision in the risk assessments should by rather high. In any case such maps, how
valuable they may be, must be used with proper skills. The mere presence of sensitive or quick clay is
not enough to pinpoint the slope to be especially dangerous. Only if the slope by failing may trigger a
retrogressive failure mechanism of sufficient magnitude this slope should be given greater attention
than other slopes. It is also obvious that once a slope is pinpointed as a "potential quick clay slide"
this should not exclude all economical activity in or on the slope. My statement is that we may build
anything and we may build anywhere, but we can clearly not build everything anywhere. By proper
planning and adjustments almost any slope may be utilised for building purposes.
A local example may illustrate this.
At the campus of the Norwegian University of Science and Technology in Trondheim the building
housing Natural Sciences is just completed. The building is quite large containing 60 000 square
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meters. However, the most interesting feature in our context is that the building is founded few meters
above a sloping layer of quick clay. Moreover, the excavation lead to a height difference of 16 meters,
and above all, it is situated close to our Institute of Geotechnical Engineering with a splendid view of
the construction site from our windows over the last two years. No wonder we got the super:vision
job! The fact is that this building represents no abnormal risk for sliding, nor did the excavation
process. We should not (and clearly can not) avoid areas where quick clay is detected, we just have to
behave properly.

Eroded

Figure 4. Erosion at toe.
Mapping of "potential landslide areas" has been going on for more than a decade in Norway and
Sweden. In Canada the plans were launched, but the mapping has not taken really off yet. In Norway
the maps are not made available to the public, they are intended for use during area planning in the
local communities. Nevertheless the local newspaper of Trondheim brought the following headline:
"40 000 (out of 140 000) inhabitants of Trondheim (city) lives on quick clay", and it also printed a
coarse map of the quick clay areas. The information is correct regarding the fact that the quick clay is
there, it is not relevant when it comes to the risk related to living in the region provided you and your
neighbours behave properly. Properly used, the maps will ease the planning and following up of
building activities in a region. The maps give good information on where one should pay special
attention, but they do not exclude land from economical utilisation, neither do they excerpt any of the
actors in the building process to prevent slides!

Handling of erosion protection and drainage measures
Erosion protection and drainage measures may be carried out by landowners, local communities and
on national level. It is a very important activity and it requires skills and economical founding.
Climatically our part of the world seems to experience increasing extremes exposing our societies for
increasing erosion activities and pore pressures, thus increasing the slide activities. In addition, we
also experience an increasing demand for building areas forcing us to take areas into use which were
not formerly regarded suitable for living. In order to try to cope with the consequences we must pay
due attention to the increased flooding, erosion and ground water fluctuations. We must find ways of
manoeuvring our control systems for water-flows in rivers and drainage systems to minimise the
overall effects in all aspects. It requires a high degree of co-operation and co-ordination and above all
it requires knowledgeable decision-makers.
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Figure 5. Areas with active erosion.

Handling of human activities
The handling of human activities can be influenced by restrictions and by enlightening and
information. It is a problem that there are so many actors who may get into very critical situations.
Education and certification may reach the professional actors. It is, however, "no glory in the
foundations", thus the lowest bid is often accepted. Time and economical constraints therefor become
vital issues and this does not promote careful planning of intermediate construction stages.

Restrictions
One may restrict where buildings and constructions may be placed. It has been less usual to give
restrictions for shaping the terrain adjacent to the building, but this issue is often of greater importance
concerning the local slope stability. If such control shall be effective, some kind of permission must
be applied for concerning almost all earthworks. It is a great danger that such a system will be too
cumbersome to handle from the municipality. However, handled as a requirement for insurance it may
probably work?

Information
I personally believe in common sense. I do believe that we all react rationally when we are aware of
the risks we take. Pamphlets could be spread to the house-owners at certain time intervals, meetings
may be held before new housing areas are to be taken into use. We frequently visit primary and
secondary schools in the Trondelag area bringing quick clay samples for demonstration. We could do
much more to help the teachers in creating school interest in technical subject generally and in slide
phenomena more specifically. Under very difficult conditions it may be a good idea to issue an "Users
manual" for the present and the future owners of a house. Again, I do not know whether this best is
done by municipal authorities or by the insurance agencies.

Area planning
Area planners must focus on great many issues. Some times the concern for local slope stability may
get lost as illustrated in Figure 6. Clearly the roads and subsequently the houses are forced too close to
the slope, creating a clear conflict area. Either one have to permanently place a "Don't fuzz with the
slope" sign or one have to really educate the house owners on which risks they are tempted to play
with. Again, may be the insurance companies are most in power for conveying the message?

Handling of disasters
Very few persons have really experienced a slide in quick to sensitive clays. Nevertheless, some
experience may be conveyed from persons who have been involved. Such lectures are occasionally
given in police, military and civil service training centres. One have to admit that such slides are not
very frequent like for instance avalanches, and one must also agree that they show a great variety of
performance. Some understanding of the slide mechanisms must help the decision-makers; again some
information may be needed. The most important issue is that normally the slide will finish (frequently
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it is a matter of minutes) before anything can be done. The main decisions must be taken afterwards
regarding evacuation from which areas, and regarding the support for the victims.
The most important issue is again to try to prevent the initial slide from occurring, this is the activity
that may pay off.

Plan

•

+

I

I

Section

Figure 6. Planning for trouble.

Compensation
Compensation for loss due to landslides may be offered from insurance and from the government. In
Norway this is formalised through "Naturskadefondet", a found for natural disasters which gets its
money from the State budget each year. Parts of this money may be used for prevention oflandslides.
In Sweden prevention of landslides is financed through "Redningskaren", a body manned and
equipped for rescue operations.

Conclusions
Landslides occurring in quick and sensitive clays are not very frequent. They do not represent very
high risk compared to many other occurrences of disasters in the society. Nevertheless such slides
takes place every year, in Norway 1-2 persons are killed annually according to the statistics.
The dramas experienced during such landslides are however beyond imagination. May be for this sole
reason it is a high focus on such events. In addition, material losses can be quite substantial. Again, it
may be a good idea to increase our information both to lay persons, insurance companies and
municipal and governmental authorities.
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LESSONS LEARNED FROM LANDSLIDES IN SWEDEN

LeifViberg
Swedish Geotechnical Institute, SE-581 93 Linkoping, Sweden
SUMMARY

During the 20 th century landslides have caused great concern in Sweden at some specific occasions
and lead to actions chiefly among politicians, municipal planners and geotechnicians. The activities
have successively lead the development forward and today it may be fair to say that the efforts have
resulted in a ''National landslide policy". This "policy" includes among other things governmentally
financed survey of landslide risk areas and governmental grants for stabilising unsafe slopes within
built up areas. In one region especially hit by landslides municipal building plans are checked by the
Swedish Geotechnical Institute as a routine. In addition a Commission on Slope Stability has pub
lished guidelines for slope stability investigations and information materials directed towards planners
and others.

1. INTRODUCTION

When a catastrophic landslide occurs the awareness of the danger of landslides rises immediately.
However, after a period of no landslides, the awareness starts to decrease and can fall to a rather low
level. When a new large landslide occurs the strength of awareness follows the same development,
see Figure 1. Of course this is a generalisation and there are many exceptions from this "rule".
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The strength of awareness of the landslide danger as a function of time after a cataastro
phic landslide.

This behaviour of people is normal visavi any kind of danger and is not a characteristic for landslide
awareness alone. People tend to forget dangers if nothing happens. In stead people should become
more aware of the danger the longer time that has elapsed from the last damage event, because the
probability of such an event increases with time.
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In Sweden the same behaviour has been observed in the case of landslides, although much work has
been done to increase the knowledge of slope stability in general and in specific geographic areas with
high potential of landslides. It is not before the slope stability questions are part of a work routine in
municipal planning when these questions will not be forgotten. In Sweden such a routine has been
implemented especially in the south western part of Sweden due to large landslide activity.

2. DEVELOPMENT OF A LANDSLIDE POLICY IN SWEDEN
The frequency of landslides in Sweden are, in addition to the natural landslide development, connected
to two large construction periods, Figure 2.
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Figure 2. Landslide frequency in Sweden greater than 1 ha. Higher frequency of especially large land
slides in Sweden are connected to two periods of intensified construction activities.
The frequency of old landslides may be underestimated due to poor information.
In the first period increased landslide activity is connected to the development of the railroad system at
the end of the 19th and the beginning of the 20 th century. These problems initiated the" Geotechnical
Committee of Swedish Railroad", that worked 1914-1922 and made a pioneering in geotechnical re
search.
The second period of increased landslide activity occurred after the Word War II in connection with
the urban expansion in Sweden. Some large landslides in the Gota river valley initiated comprehensive
stability investigations along the river. The investigations resulted in large stabilisation works in the
1950 's and 1960 's and a routine for controlling the stability. Swedish Geotechnical Institute, SGI, was
commissioned by the government to survey the stability along the river. In addition to that all building
plans within a specified zone along the Gota river had to be checked by SGI.
The catastrophic landslide in Tuve, Gothenburg, 1977, where 9 people were killed and some 70 houses
were destroyed, functioned as an another alarm clock. The activated works lead to some important
results. A governmental commission worked out a proposal on how to deal with natural disasters
which were passed by the parliament in 1986. A Landslide Commission on Research and Information
worked during 1988-1996 and produced among other things guidelines for slope stability investiga
tions and information materials directed towards municipals. After these efforts we may say we have
something like a "National landslide policy" in Sweden.
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"NATIONAL LANDSLIDE POLICY"
Planning and building law
• Landslide risk has to be considered in planning phases
• Municipal plans can be stopped by county administrations
National survey landslide risk mapping in built up areas
Government grants for preventive measures of unsafe slopes in built up areas
Guidelines for investigations on slope stability
Authority function at Swedish Geotechnical Institute
• Monitoring of stability in Gota River valley
• Scrutinising of building plans and advice to municipalities and county admini
strations
• Geotechnical support to rescue leaders at occurrence or threat of landslide
3. CONCLUSIONS

Landslides events in Sweden, especially catastrophic landslides, have been the starting factor of re
search on slope stability, stabilisation measures, information activities and changes in the building law
more than once in Sweden. Every time the efforts have lead to increased awareness and new tools for
dealing with the threat of landslide in Sweden. As slope stability is a very complex issue it is impor
tant not be satisfied with the results achieved so far. There are still many important questions looking
for answers. Traditional methods may be improved and new tools will successively be at hand due to e
g the current rapid development of new technology.
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SESSION REPORT
LESSONS LEARNED FROM A CATASTROPHIC AVALANCHE

Gerard Brugnot, France

1.

INTRODUCTION

Post accident analysis is very well organized in France as far as technological hazards are concerned.
It is not the case for natural hazards, if we except the case of forest fires. In the case of avalanches the
situation is made especially difficult to manage since legal actions are systematic as soon as there are
fatalities. Legal actions create a context that is not favorable to post accident analysis, indeed many
actors who detain information are not eager to release it since they are afraid the judge will turn it
against them.
2.

FEBRUARY 1999, A MONTH OF EXCEPTIONAL CONDITIONS IN THE ALPS

February 1999 was in the Alps a month of exceptional meteorological conditions, with very heavy
snowfalls. This climatic situation was prevalent in France, as well as in Switzerland and Austria, and
to some extent in Italy. These countries suffered huge deadly avalanches in unexpected locations.
During this period in France in the Upper Arve valley (Chamonix region) eighteen large avalanches
tumbled down to the bottom of the valley for three days. Half of these avalanches strayed off their
registered limits.
3.

THE PECLEREY AVALANCHE

3.1. Physical data
Bee de Lachat (2447 m)
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Peclerey avalanche has a rather large starting zone, whose maximal elevation overcomes 2400 m a.s.l.
at Bee de Lachat. Its total area is around 25 hectares, with an average gradient about 75%. Peclerey'
total drop is close to 1000 m, given the fact that most avalanches released from the upper starting zone
allegedly stop in a zone whose average gradient is lower (45%) and that includes a short plateau
whose elevation is over 1900 m a.s.l. (Ancey, 2000).
3.2. Weather conditions before the event
From January 26 to 29, about 1,50 m of fresh snow was measured at 1500 m a.s.l. This snowfall was
followed by a rather long cold period that lasted approximately a week, i.e. January 29 to February 4.
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On February 8, the weather forecast was a 60 to 80 cm high snowfall and strong winds. During all this
period, the avalanche hazard level was the highest possible on the whole Mont Blanc massif (grade 5
on the European hazard scale, plus special bulletin).

3.3 Crisis management
From February 7, 6 p.m., all skilifts were stopped and most roads were closed. The avalanche
commission then met without interruption and from February 8 on, many settlements were evacuated.
Although this accident was totally unexpected and involved a relatively large zone, notice of the event
was received very quickly and rescue operations started quite immediately. Rescue teams had to
simultaneously work on detection of buried persons and on digging out remnants of chalets where
victims were trapped.

3.4 The accident
On February 9, 1999, a snow volume nearing 330000 m 3 released from the upper starting zone of
Peclerey avalanche and flew down to the bottom of the valley. The avalanche deposit, both made of
snow released from the upper starting zone and from the intermediate slopes totaled about 130000 m 3
whereas its average height was about 5 m. 12 persons were killed and 20 houses damaged, among
them 14 totally destroyed.

4.

POST ACCIDENT ANALYSIS

The accident zone was immediately declared improper to setting up inhabited buildings through a
local modification of the Plan d'Occupation des Sols, the basic French zoning document. Natural
hazard zoning is being reconsidered in the accident zone and more conservative measures are probably
still to come in other avalanche exposed areas.
An official commission was summoned by the French Ministry of Environment and its report is not
available so far. Its role is not to define who is responsible of what but to propose improvements that
would make such an accident as Peclerey more and more improbable, not to speak about impossible,
since there is not a thing like zero risk.
A topic of controversy is what can be learned from History. The accident drew some attention on old
reports, but it appeared as difficult to extract accurate spatial information from these reports.
Regarding the older reports, there are uncertainties affecting the name of the avalanches of Montroc
sector. For all chronicles what is considered as "obvious" landmarks have changed along the centuries,
it is especially the case of old paths and roads.
On the other hand Peclerey avalanche as it happened on February 9, 1999 didn't take place since
World War 2. In 21 cases, 10 or more "major" avalanches took place in the Chamonix valley. Never
did in one of such case Peclerey significantly cross the Arve River. This is the reason why Peclerey
was not high on the agenda of the local authorities, which were "expecting" big and :frequent
avalanches like Taconnaz and le Bourgeat.

5.

LESSONS AND DECISIONS

According to a French law dating back to 1982 and providing quite automatic indemnification in case
of natural hazard related destruction, insurance will foot all costs related to material damages.
The controversy following the February accident was centered on different points, pointing to different
directions of improvement but the debate is far from being settled.
France doesn't officially apply the :frequency analysis for avalanche zoning, but rather the historical
approach. This doesn't make a big difference because in both cases the efficiency of the method relies
on good knowledge of old events. One year before the accident, a scientific program had been started
in France, whose aim was to assess the value of old historical sources. The results are at best mixed
but some research should go on. In fact it appeared how inaccurate the spatial description of these old
events is. Some parallel research on memory also raised the question of omissions, which is very
troublesome. As was seen above post Peclerey historical analysis confirmed these results.
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Another point still in discussion is the problem of vulnerability management, which consists in
looking at the connection between general exposure and real time crisis management. This could lead
to a revision both of mapping and zoning processes on one hand and on crisis management processes
on the other hand. A central point will be the range of improvement of snow and weather prediction.
While meteorological forecast made impressive advances in terms of temporal accuracy, the spatial
one is not accurate enough for risk managers who have to decide evacuations with a realistic spatial
resolution.
Depending on the context described above it is not clear when official recommendations will be
brought out and which kind of practical measures will result.

6.

EUROPEAN POST ACCIDENT ANALYSIS

After the February 1999 avalanche accidents a widespread emotion was felt all over Europe, not only
in the mountain regions. This resulted in significant economic losses for some parts of the Alps. As
stated by Departement federal de justice et de police (1999), most of them are explained by
extrapolations from foreign media having reported the accidents not as local events but as plaguing the
whole Alps.
After the accidents several scientific and political events took place and some are still to come.
Representatives of the European Parliament asked questions to DGXII, that convened a meeting of
European experts in Brussels in April 1999 (Brugnot 1999). DGXI organized in Ispra a special
meeting (October 1999) and working groups were set up in the frame of the NEDIES project, (2000) a
pilot project for post accident analysis that was first designed for earthquakes and floods. On the
"western" side of the Alps, a meeting took place in Aoste in December 1999 and another is due in
Chamonix in early April 2000. Switzerland has invited experts in Zurich in the frame of the "Alpine
treaty" in December 1999 and is considering joint visit early next June on the Swiss and French sites
(Montroc and Evolene) with further visits in Austria.
Which is important is not to list and describe all these events but to make clear how scientists, and
engineers feel concerned by the avalanche accidents that took place in February 1999 and eagerly
want to understand how and why they take place and what advances are necessary to avoid new
accidents. On the other hand one must not forget how difficult it is to anticipate avalanche accidents
and that safety must be assessed as a whole. In this respect, the quality of crisis management in
February 1999 lead to relatively small damages if compared to what happened in similar
circumstances in the past, with a vulnerability level being far smaller.

CONCLUSION
The avalanche accidents that took place in the Alps in February 1999 caused considerable emotion
and, if what happened is now rather well understood, the analysis of the facts is still proceeding and
what conclusions must be deduced in terms of research and action, i.e. land planning is still unclear. It
is of the utmost importance that these exchanges be made available to everybody who is concerned by
avalanche safety.
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SESSION REPORT
DEBRIS FLOWS AND TORRENT FLOODS: METHODS FOR HAZARD ASSESSMENT

Dieter Rickenmann
Swiss Federal Institute ofForest, Snow and Landscape Research,
Dept. of Water, Soil and Rock Movements, CH-8903 Birmensdoif, Switzerland

SUMMARY
In the assessment of torrential hazards, the following important elements should be considered: (i)
magnitude of the torrential flood or debris flow, (ii) frequency of such events, (iii) determination of
endangered areas, and (iv) possible measures to reduce the risk. This paper addresses the components (i)
to (iii) and discusses some of the methods available for the process description. Not discussed here are
methods related to element (iv), as for example hazard zoning, torrent control measures, and warning
systems.

1. INTRODUCTION
Debris flows and floods with intense sediment transport both occur in torrent channels. Often initiated by
similar meteorological conditions, a mixture of variable concentrations of solid particles and water flows
down a steep valley. Erosion at various places and deposition, mainly in the fan area, may result in
considerable damage. The endangered objects or persons are mainly located in the fan area where villages
or single houses and traffic routes, i.e. railways, highways or local roads can be impacted by debris and
water.
It appears that there is more or less a gradual transition between the two processes sediment transport in
torrents and debris flows. Nevertheless, the latter process is often more dangerous: total sediment
volumes are generally greater, thus implying larger areas affected during the deposition process, and the
formation of a steep, bouldery front involving substantial flow depths and high velocities leads to
enormous impact forces.
In order to treat floods and sediment transport in torrents, similar methods are applied as have been
previously developed for rivers with flatter bedslopes and for larger catchments. The methods need to be
adapted to the environment of mountain torrents where in general the relative influence of the very
irregular boundary conditions becomes much more important. With regard to debris flows, the
understanding and analysis of the process is even more complex. This is also reflected by the many
different approaches to look at this process, having their origin in the field of hydraulics, geomorphology,
soil mechanics, geophysics, geology or sedimentology. The overview on available methods given in this
paper represents mainly a Swiss and partly European perspective, but some of the statements are believed
to have a more general validity. More details on the mentioned methods can be found in the references
listed at the end of the paper; due to space limitations, no specific citations are made in the text.
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2. DEBRIS FLOWS
In assessing the potential hazard of debris flows, basically two aspects have to be described: (i) debris
flow occurrence, and (ii) characteristics of the flow process. Fig. 1 shows the main elements to be
considered and their interrelationship. An overview of the methods presently used in the assessment of
debris flow parameters is given in Table 1, together with remarks about some limitations of these
methods.
Fig. 1: Main elements which need to be considered in assessin the hazard of debris flows.
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With regard to debris-flow occurrence, the main factors to be evaluated include the identification of
starting zones, of critical (rainfall) conditions for the triggering, of sediment sources, of the potential
event magnitude, and of the event frequency. At present the main methods used for this purpose are
empirical relationships and geomorphologic studies, possibly coupled with a geographical information
system. The event magnitude is a key parameter, and the link to the event frequency (patterns of sediment
storage and removal) is important but often difficult to make.
Concerning the flow process, the main aspects to be described are the initiation mechanisms, the
propagation of the debris flow surges in the channel, and the deposition process on the fan. At the initial
and final phase of the process (i.e. initiation and deposition), when the flow velocities are low and the
sediment concentration is high, soil mechanical aspects have to be taken into consideration. With regard
to the propagation phase of debris flows, the modelling of erosion along the flow path is still very poorly
understood. The movement of the debris-flow mixture depends primarily on the sediment (or water)
concentration and on the composition of the solid material (grain size distribution and lithology), thus
leading to different types of debris flows. A number of different approaches have been proposed to
describe the flow behaviour, and some of them have also been implemented in numerical simulation
models. A major problem is the lack of well-established criteria to distinguish between the applicability
of different models to different flow types. Furthermore, most of these models have not been tested
rigorously against field events. It appears at present, that for the flow of granular type debris flows in
channels those approaches give reasonable results which are similar to hydraulic models for clear water
flows. For the depositional phase of the process and the delineation of endangered areas, more experience
is needed with numerical modelling in order to make predictions for a hazard assessment.
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Table 1: Methods used for the assessment of debris flow parameters.

Method

Basis, Input

Restrictions, Remarks

Event magnitude

catchment morpholoov
oeoloov/lithology
erodability (comb. with GIS)
sediment
yield
past observations, geomorphoassessment
logic assessment (input from
tributaries and slope failures)
Frequency of events
past events
dates of past events (with
estimate of maqnitude)
threshold
rainfall
frequency of threshold rainfall
conditions
conditions
dating methods
dendrochronology,
linchenometry
Initiation mechanisms
slope instability analysis
rainfall, soil + hydrogeological
conditions
empirical relationships

threshold discharge in peak runoff, bedload initiation
channel
other
triggering
mechanisms

insufficient prediction accuracy
further investigations desirable
used for producing hazard index maps
time consuming, involves subjective
judgement

good indicator also for deposition behaviour
rough assumption, no or limited correlation
with event maQnitude
used in research, often not feasible for
practical application
soil mechanics, transition to debris flows;
often heterogeneous conditions; poor
knowledqe, lackinq field observations
analogy to sediment transport
e.g. glacier lake outburst, snow melt

Flow propagation

flow resistance laws
(uniform flow)
"hydraulic" simulation
with numerical models

event magnitude, discharge,
flow depth, channel slope
constitutive
equations
for
different
"fluids",
channel
geometry, input hydrograph

empirical, resistance coefficients depend on
material composition and water content
limited verification with field events so far;
criteria for applicability of flow types still
lacking

Deposition on fan (runout distance)

mean
slope
(general slope)
empirical relationship
2-parameter-model
+
Geogr. Inform. System
"hydraulic" simulation
with numerical models

longitudinal profile, catchment
area
Event magnitude, elevation
difference (relief heiQht)
topography, "Voellmy fluid"
parameters
constitutive
equations
for
different "fluids", fan geometry,
input hvdrooraph
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very
rough
problems with convex profiles
very rough estimate

estimate,

precalibration of parameters
limited verification with field events so far;
criteria for applicability of different models
not well known
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3. FLOODS WITH TORRENTIAL SEDIMENT TRANSPORT
An overview of the methods presently used in the assessment of torrent floods and sediment transport
parameters is given in Table 2, together with remarks about some limitations of these methods. The flood
hydrograph and the threshold conditions for beginning of sediment transport are the main elements to
estimate sediment loads and critical channel dimensions for conveying flows with high solid loads.
Table 2: Methods used for the assessment of torrential floods and sediment transport.

Basis, Input

Method

Restrictions, Remarks

Flood hydrograph
empirical
simple
relationships
rational method

catchment parameters

rainfall-intensitytopography,
duration
curves,
time
of
concentration
rational catchment parameters, rainfallmodified
method
curves,
intensity-duration
soil
characteristics
rainfall runoff models
catchment parameters, rainfall
event, soil characteristics
Threshold conditions
critical shields stress
channel slope, char. grain size
critical discharge
armouring,
structures

channel slope, char. grain size

surface char. patterns of stable bed, e.g.
step-pool and ring structures

very rough estimate; only peak discharge
estimate
consider only surface runoff; hydrograph

more precise; not validated
catchments; hydrograph

for small

time consuming; not necessarily more reliable
(small catchments); hydrograph; scenarios
flow depth very variable for given discharge;
uncertaintv about char. qrain size
more empirical, easier to apply; uncertainty
about char. grain size
only partial break-up of "armour" layer in
torrents; complicating effects of woody debris
and bedrock constraints

Sediment transport
formula flow rate or flow depth, channel
transport
(laboratory studies)
slope, char. grain size, (flow
velocity)

gives (maximum) transport capacity; often
overprediction of actual sediment transport
rates in torrents; quantification of additional
enerav losses as maior problem
sediment load - flood flood hydrograph; field observations integrated form of transport formula, including
volume
empirical adjustment
involves
subjective
yield past observations, geomorphologic time
sediment
consuming,
assessment
assessment (input from tributaries judgement
and slope failures)
Hydrau/ic-sedimento/ogic modelling
numerical simulation flood
hydrograph,
channel uncertainty regarding torrent hydraulics and
models
hydraulics, sediment transport sediment transport formula; lack of experience
formula
in torrent environments

The estimation of the flood hydrograph requires knowledge about the rainfall conditions. The basis for
this are mainly past rainfall data which allow the establishment of empirical rainfall-intensity-duration
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curves. This information serves as input for rainfall-runoff "models". At present, deterministic models are
of limited use because of uncertainty in model parameters or insufficient lmowledge about the spatial
distribution of catchment parameters. Therefore, often simple models are used which are based on a
regionalization of flow regimes, statistical or empirical approaches.
To estimate sediment transport conditions, semi-empirical relationships are applied to determine both the
threshold for beginning of sediment motion and transport rates, which roughly depend on the discharge
and the channel gradient. The wide grain size distribution of the bed material in the torrent channel
results in a broad range of "critical" discharges or shear stresses at which bedload transport begins. The
concept of armouring and surface structures is not easily applied in torrents, and research on channel bed
stability is only beginning.The very irregular streambed geometry of torrents induces significant energy
losses, resulting in sediment transport intensities much below those predicted by the semi-empirical
formulas mostly calibrated through laboratory experiments. At higher flow intensities, the sediment
concentration in the flow can increase up to values which are typical for the transitional behaviour to
debris flows. At present, the conditions for the occurrence of this transitional behaviour cannot be
assessed with sufficient accuracy. For given discharge and sediment transport conditions, traditional
methods used in river engineering can be used with relatively high confidence in the fan area, in order to
assess the channel conveyance and possibly inundated areas affected by sediment deposition.

4. CONCLUSIONS
Important parameters to be assessed for the evaluation of torrential hazards include the rainfall
conditions, presaturation of the soil, channel run off, amount of solid material to be eroded and
transported, and a relationship between the event magnitude and its frequency of occurrence. This
assessment mainly relies on (semi-)empirical approaches. For a detailed description of the initiation,
propagation, and deposition of debris flows, deterministic models with a sound physical background are
being developed, in addition to using empirical relationships. However, only in simplified cases such
models can be presently applied with some confidence by the practising engineers. With regard to
sediment transporting floods, the main uncertainties are the wide range of threshold conditions for
beginning ofbedload motion and substantial energy losses in the irregular torrent channels which are
difficult to quantify. For given discharge and sediment transport conditions, possibly affected areas in the
fan area can be assessed with traditional methods used in river engineering.
The following needs for future research work are identified by keywords:
a) Improvement of methods and models for process description:
magnitude-frequency of events; effect of changing environmental conditions; direct measurement of
key parameters; numerical simulation models; initiation and deposition mechanisms; torrent channel
stability and threshold for bedload motion; energy losses reducing sediment transport intensities
b) Improvement of methods for hazard and risk assessment:
comparison of existing methods and models; development of unified procedures; development of
warning systems
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SESSION REPORT
THE PROBLEM OF LANDSLIDES IN MUDROCKS
Dr James S Griffiths
Department ofGeological Sciences, University ofPlymouth,
Drake Circus, Devon PL4 8AA, United Kingdom
Email address: j I griffiths@plymouth.ac.uk

1. INTRODUCTION

To the engineer there is a clear distinction between a soil and a rock: a rock is a hard,
elastic substance not significantly weakened by immersion in water; whereas soils are
naturally occurring loose or soft deposits that either disintegrate or soften on
immersion in water (Selby, 1993). However, the boundary between soils and rocks is
a gradual one and within this boundary lie 'mudrocks.' Stow (1981) classified
mud.rocks as sediments containing at least 50% of siliciclastic material finer than
63µm. However, the processes of initial sedimentation, burial, diagenesis and
subsequent exposure through erosion produces a material with a range of properties
that significantly impact on landslide form and mechanisms. In the UK, mud.rocks
occupy 20% of the surface area, and studies such as that by Wetzel & Einsele (1991)
and Rentschler & Moser (1996) demonstrate their widespread occurrence in Europe.
At the surface mudrocks can be classified as usually over-consolidated fine-grained
stiff to hard soils or weak rocks, according to the British Standard for Site
Investigation (BS 5930, 1981), that is now being updated and will be incorporated in
Eurocode 7 (EC7, 1995). The typical undrained shear strength for this type of
classification covers a wide range from 100 kPa (stiff soil) to 5 MPa (weak rock).
Selby (1993) describes mudrocks as having low values of compressibility, moisture
content, permeability, and sensitivity. It should also be noted that the reduction of
void space, expulsion of pore water, and diagenetic bonding during burial will give
mud.rocks a high effective shear strength when compared to normally consolidated
fine-grained soils of similar composition. However, uplift and removal of possibly
thousands of metres of overburden results in stress-relaxation causing dilation and the
development of unloading joints. Water penetration into the mudrocks under low
normal stresses at or near the surface results in weathering that will lead to a
progressive reduction in strength as well as swelling and increases in moisture content
(Cripps & Taylor, 1981). It is these processes that all have an important bearing on
the landslide potential for landscapes developed in areas of mudrocks.
2. MUD ROCK LANDSLIDES

Typically, in the more intact mudrocks (i.e. the weak rocks) the failures will be single
or multiple rotational, sagging and compound. In the weathered mudrocks and stiff
soils there are more likely to be mudslides and mudflows. Spectacular, large and rapid
failures are not usually associated with mudrocks, although the backscar to a mudrock
failure may retrogress via small-scale falls.
Mudrock failures are often deep-seated with curvi-linear shear surfaces. For example,
at St Catherine's Point on the Isle of Wight off the southern coast of Britain, the depth
to the shear surface, in a landslide complex involving a compound non-circular
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landslide movement, is in excess of 50 metres (Hutchinson et al, 1991). This slide
involves movements in a clay/mudrock stratum within a Cretaceous sandstone
sequence.

In many situations the movement rates associated with mudrock landslides can be
fairly slow. An example of one of the higher rates of movement is provided by the
study of a fairly small (approximately 60,000m3) first-time mudrock slide in the
Midlands in the UK (Hall & Griffiths, 1999). This failure occurred in AD 1575 and
based on descriptions in local records is estimated to have moved at between 10 and
30 metres/hour. Even mudslides in weathered materials normally move at 10-20
metres/year with occasional surges of 10-20 metres a week (Jones & Lee, 1994). The
very large deep-seated failures tend to creep at relatively low rates measured in
millimetres/year. This is exemplified by the major landslide complexes along the
Dorset coast of Southern Britain that are developed in weakly cemented Cretaceous
sandstones overlying predominantly Lias mudrocks (Brunsden, 1996).
For studies of the risk posed by landslides a very useful classification has been
proposed by Cruden & Varnes (1996) that identifies the destructive significance of
slides based on their velocity (Table 1).
Table 1
Definition of Probable Destructive Significance of Landslides based on Velocity
(after Cruden & Varnes, 1996)
Velocity Class
7
6
5
4
3
2

1
Class
7
6
5
4
3

2
1

Description
Extremely Rapid
Very Rapid
Rapid
Moderate
Slow
Verv Slow
Extremely Slow

Typical Velocity
> 5m/s
3 m/min 5 m/s
1.8 m/hr - 3 m/min
13 m/month - 1.8 m/hr
1.6 m/year 13 m/month
16mm/year 1.6 m/year
< 16 mm/year

Probable Destructive Si nificance
Catastrophe; buildings totally destroyed by impact of displaced material;
many deaths; escape unlikely due to very high velocity
Many buildings destroyed by impact; some lives lost as velocity too
great for everybody to escape
Escape evacuation possible; structures, possessions and equipment
destroyed
Loss of life unlikely; some temporary and insensitive structures can be
temporarily shored up and maintained
Remedial works can be undertaken during movement; insensitive
structures can be maintained by frequent maintenance if total movement
not too large
Some permanent structures undamaged by movement
Movement imperceptible without instruments; construction possible
with precautions
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Mud.rock slides generally fall in the velocity categories of 5 (rapid) or slower. Failures
of this type are lll1likely to cause loss of life but can have substantial economic
consequences. Widespread adoption of this simple classification system, or a similar
damage intensity scale proposed by Alexander (1986), that has parallels with the
Modified Mercalli earthquake intensity scale (Alexander 1993), would be useful for
reporting the losses and risk resulting from all forms of landslide.

3. MUDROCK LANDSLIDES IN CONSTRUCTION WORKS
Discussion on the socio-economic costs that can result from landslides are presented
in Schuster (1996) and an example of the costs associated with a large mudrock
failure that occurred during construction works is presented by Griffiths (1999). In
this example, from Papua New Guinea in 1984, 35 million m 3 of weathered mudstone
and colluvium moved a maximum of only 21 metres into the excavated footprint for a
tailings dam. This led to an insurance claim that totalled over £500 million.
In the United Kingdom there are many examples of landslides that involve material
classified as stiff soils to weak rocks (Jones & Lee, 1994). However three examples
suffice to indicate the variation in practice over their investigation for construction
works and the resulting consequences.

In Kent in 1966, work on the A21 Sevenoaks Bypass had to be halted when
bulldozers cut through grass covered, degraded, late or early post-glacial gelifluction
lobes. These lobes were on slopes of 2-7° and consisted of 2-3 metres of periglacial
head overlying heavily overconsolidated Weald Clay separated by well-defined shear
surfaces at residual strengths of <10° (Skempton & Weeks, 1976). The cuttings on the
upslope side of the road proved to be practically impossible to stabilise and the road
had to be realigned at considerable cost.
By the 1980's the problems on the Sevenoaks Bypass were well documented in the
UK engineering geological literature. However, in 1984 an earth embankment dam at
Carsington in Derbyshire failed before its reservoir was even filled. A shear surface
had developed through both the compacted clay core of the dam (a man-made
mud.rock) and a layer of periglacial head lll1der the embankment fill that had been left
on the shale bedrock (i.e. heavily overconsolidated mudstone). This head had being
incorrectly interpreted as in situ weathered shale during the grolll1d investigations.
The friction angle values had been assumed to be 20° in the design, however, the
residual friction angle values in the head were actually 12° (Skempton, 1985). The
cost of rebuilding the dam was £20 million, compared to the original expected cost of
construction of £7 million.

In contrast, the geomorphological and engineering geological investigations for the
Channel Tunnel carried out in the period 1985-1988, clearly identified the nature and
extent of the relict landslides that exist at the site of the UK terminal and portal (Birch
& Griffiths, 1996). The landslide through which the present tunnel enters the portal is
a multiple rotational slide developed in Cretaceous Chalk Marl (a weak calcareous
mudstone) overlying heavily overconsolidated Gault Clay with a shear surface at 2025 metres (Griffiths et al, 1995). Detailed investigations of the landslide provided the
basis for the design of stabilisation measures. These included toe weighting, drainage,
tension piles in the Gault Clay to contain heave, and a top-down construction of the
portal. The portal was built using pre-formed, cast in situ, contiguous bored piles with
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a roof slab built at ground level that was then excavated with the material being
placed on the toe weighting (Varley et al, 1996). The end product was a safe, well
designed structure that, whilst it was not cheap to build, it was far less costly than the
economic and political disaster that would have resulted if a landslide had occurred at
the site.
As indicated by these examples a major concern with landslides, including mudrock
failure, is that construction works can reactivate relict features that occurred under
different environmental conditions. Many landslides were associated with conditions
of high porewater pressure at the end the last glaciation and now have only a very
subdued morphology to indicate their presence. These features require very careful
ground investigation to identify their presence and extent if they are to be allowed for
in planning any new developments. The risk of causing a landslide during
construction is presented schematically in figure 1. Early identification of potential
landslide movement, either before or just after earthworks are started, ensures that the
potential risk is fully allowed for in the construction process. Late identification, or
lack of recognition of the risk of landslide movements results in higher levels of risk
than would normally be deemed acceptable and, in the worst case, unexpected failures
can occur.
Figure 1
RISK OF CAUSING A LANDSLIDE ASSOCIATED WITH CONSTRUCTION
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4. COASTAL MUDROCK LANDSLIDES

Landslides in the United Kingdom can be divided into two major categories (Lee,
1997a): inland failures that are mainly relict; and coastal failures that tend to be
active. Whilst the main concern with inland landslides is reactivation, the coast poses
quite different problems. Much of the UK coastline is composed of 'soft rocks' that
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are susceptible to erosion (Rendel Geotechnics, 1997). In these areas there is clearly a
requirement for coastal protection measures, but there is always a delicate balance to
be achieved between often competing concerns. These generally encompass the
legitimate environmental issues related to the coastal zone, the use of the coast as a
natural resource for commercial reasons (e.g. for tourism), and the need to protect
property and land (Lee 1997a). One particular facet of some coastal mudrock
landslides is that in the past they have provided attractive areas for settlement and
have been used as sites for quite extensive urban developments. The largest of these
lie along the South Coast of the country such as those at Lyme Regis in Dorset, and
Ventnor on the Isle of Wight (GSL, 1991). These landslides are active, but only move
at slow rates (Velocity Classes 3 and 2, from Table 1). In these cases recognition of
the landslide is not the problem but it has been necessary to identify an effective way
of managing the risk. Thus in these areas, uniquely within the British Isles, the Local
Government Authorities have produced development planning strategies that allow
for active but slow landslide movements, that include restrictions on the areas that can
be developed as well coastal protection measures. Lee & Mcinnes (this volume)
discuss the V entnor case study in detail.
5. CONCLUSIONS AND RECOMMENDATIONS

Lee (1997b) notes that in Great Britain, "landslides present a significant constraint to
development, notably through the inadvertent reactivation of ancient inland landslides
and the recession of coastal cliffs." With respect to mudrock landslides, as
demonstrated by the Channel Tunnel portal studies, the lessons from Carsington and
Sevenoaks are now widely known. Therefore, there can be little excuse in the
reactivation of relict landslides during construction works as a result of inadequate
ground investigations. The work at Ventnor on the Isle of Wight has also shown that
active coastal mudrock landslides can be dealt with by an appropriate combination of
coastal protection measures, public dissemination of information and correct planning
procedures (Lee & Mclnnes, this volume).
Mudrock landslides can be large and are relatively widespread in occurrence,
However, they are rarely associated with 'spectacular' and life threatening failures.
This can result in the hazard and economic cost they pose to property to be under
estimated. The experience in the UK and overseas is that the economic costs can be
considerable. The potential for mudrock landslides, therefore, must always be fully
investigated and allowed for in all new development proposals.
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WORKSHOP REPORT
WORKGROUP 1:
RESEARCH AND DEVELOPMENT NEEDS FROM A EUROPEAN PERSPECTIVE

Bjorn Sellberg
Swedish Council for Building Research
P.O Box 12866, SE-112 98 Stockholm, Sweden

COMPILATION OF THE RESULTS/ THE REPORTING/ FROM WORKING GROUP NO 1

HAZARD AND RlSK ASSESSMENT
Areas of R&D and needs of improved lmowledge from an European perspective
1. Harmonisation of landslide and avalanche classification and terminology.
2. Improvement and coordination of data bases
3. Improvement of hazard and risk mapping
4. Back analyses of failures and comparison with in situ shear tests
5. Improvement of the scientific understanding oflandslide and avalanche mechanisms, including
run-out.
6. Improvemnet of methods of predicting failure:
a) Relation oflandslides and avalanches to climate
b) Monitoring of external triggers
c) Monitoring within the slide/avalanche mass
7. Vulnerability of structures, vehicles and people. Strengthening of buildings.
8. Interdisciplinary cross-fertilisation - between technical, social, economical and insurance
approaches.
9. Improvement of risk management - including land use planning, and links between the
geoscientists, politicans, public authorities and the local population
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WORKSHOP REPORT
WORKGROUP 3:
RESEARCH NEEDS AND TECHNOLOGY TRANSFER FOR DEVELOPING COUNTRIES

Christel Rose
ISDR Secretariat, Switzerland

SUMMARY CONCLUSIONS

1. General acknowledgement among participants of the dramatic economic impact of mountain haz
ards on the economy of mountain valleys communities depending, most of the time, essentially on
wood-related and tourism industries.
2. The past years have demonstrated that natural disasters in mountain areas do not discriminate, and
affect developing and industrialized countries alike. Emphasis was placed on the fact that we all bene
fit from learning from each other. Developing countries, lacking financial resources, need technology
transfer from industrialized countries; but at the same time, industrialized countries can very much
benefit from the innovative approaches developed by developing countries in terms of disaster pre
vention and mitigation.
3. The workshop insisted on the importance of technology transfer as well as the exchange of knowl
edge and experience which, in a spirit of moral imperative and equality of access to protection for all
vulnerable communities, should be enhanced to achieve a more effective and practical culture of pre
vention.
4. The issue of technology transfer however raised two concerns: a) it needs to be accompanied by
related information sharing and educational process for a better understanding of local communities,
b) the scientific and technical knowledge exists but efforts should now be geared towards practical and
concrete application at the local level.
5. Communication and information are important. It is particularly important to collect in a systematic
manner, accurate data on past disasters as well as lessons learned, in order to have basic information to
prevent the occurrence of future disasters, or to better mitigate their impact.
6. Consensus was reached on the fact that it is vital to achieve disaster resiliency through strengthened
local capacity-building. In that context, local communities should be fully involved in the process
leading to the protection of vulnerable groups against the impact of disasters - this, again, requires the
appropriate educational process and training of local communities.
7. The workshop agreed on the vital importance of international cooperation to assist developing
countries in achieving their self-reliance to disasters as well as sustainable development. It was also
agreed that there is an urgent need to move from the protection against hazards to the management of
risk in order to learn how to "live with natural hazards".
8. Given the complexity of mountain hazards, an intersectoral and multidisciplinary approach is re
quired for risk management. The mandate of the International Strategy for Disaster Reduction (ISDR)
within the United Nations, precisely offers this unique platform to maintain the link between science
and technology and local communities concerns.
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9. ISDR is prepared to play its part in ensuring that the message of prevention and concrete approaches
to it, be communicated to developing countries in an interactive way, through its international frame
work of action, in order to contribute to a better world in the twenty-first century.

MISSION REPORT ON THE WORKSHOP ORGANIZED BY ISDR ON THE SPECIFIC
NEEDS OF DEVELOPING COUNTRIES IN TERMS OF RESEARCH AND TECHNOLOGY
TRANSFER

The International CALAR Conference (Concerted Action on Landslide and Avalanche Risk Reduc
tion) on Avalanches, Landslides, Rock-Falls and Debris-Flows, was held from 17 to 19 January 2000
in Vienna, Austria, at the initiative of the European Commission and under the auspices of the United
Nations International Strategy for Disaster Reduction (ISDR). The conference grouped together ap
proximately 400 leading experts (from 29 countries) in geology, geophysics and meteorology, as well
as other representatives from the scientific community, industry and public sector and governmental
agencies facing the challenge of the prevention of mountain hazards. I was tasked to organize and
chair, within the global framework of the conference, a workshop on the specific needs of Developing
Countries in terms of research and technology transfer for disaster prevention. Participation of repre
sentatives from Sri Lanka, Kazakhstan and Chile in this ISDR workshop were of significant interest
for most European countries present since, by presenting measures undertaken by their national gov
ernments for the prevention and mitigation of mountain hazards, they contributed to the recognition of
the specificity and similarity of threats that mountainous hazards represent for the economies of both
Developing Countries and industrialized countries, in fields such as wood-related industries and tour
ism. Emphasis was specifically placed on how both groups of countries can best benefit from a fruitful
exchange of knowledge and expertise regarding disaster prevention, in particular by designing com
mon strategies based on innovative approaches to disaster reduction. The workshop also benefited
from the findings of a scientist from the industrialized world, who gave the first elements of response
to the constraints encountered by Developing Countries in implementing concrete disaster prevention
measures.
The issue of technology transfer was also widely discussed, emphasizing the need for Developing
Countries to be given access to appropriate technology and research for disaster reduction, together
with the adequate educational and awareness-raising process. Equitable access to reliable and free
information sharing on early-warning and disaster prevention measures should also be given to the
most vulnerable communities. Local populations at threat should also be fully involved in the
strengthening of their capacity-building in order to become more resilient to disasters. International
cooperation is a must in such a process, and consensus was reached on the fact that time has come to
move from a reactive to a proactive process, from the protection against hazards to the management of
risks. Given the complexity of mountain hazards, an intersectoral and multidisciplinary approach is
required . ISDR's mandate within the United Nations system precisely offers this unique platform to
maintain the link between science and technology, and local communities concerns. ISDR therefore
stated in the workshop that it is prepared to play its part in ensuring that the message of prevention and
concrete approaches to it, be shared between developed and Developing Countries in an interactive
way, through its International framework of action.
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WORKSHOP REPORT
WORKGROUP 4:
R&D NEEDS FOR LAND USE PLANNING aND RISK MAPPING

F.M Zimmermann
Universitiit Graz, Austria

GENERAL NEEDS

(1) Research network
- Research co-operation
- information exchange
(2) Network between researchers, practitioneers and policy makers
- discussions on research needs and priorities
- public awareness increase
- best practise exchange
(3) Database with examples of integral risk management for public accessibility
(4) Build research capacity based on integral approach, especially in five research fields

RESEARCH FIELDS
Socio-economic Development and Natural Risks
Studies on socio-economic changes and the consequences for natural hazards

Analysis of public investment-policy into risk mitigation in relation to other politically necessary con
venient investments
Strategies for the increase of public awareness, understanding and consciousness of natural risks by
using media reports, politicians as opinion leader or even legal frameworks and mitigation
Research dealing with the monitoring of the economic effects, of natural hazards (direct and indirect
costs)

Hazard Assessment by Mapping

Inventory of methods for hazard assessment (types of methods at different scales and processes)
Criteria for monitoring of hazard assessment approaches, occurrence probabilities
Process orientated research to define occurrence probabilities of hazards
Mapping of all elements related to mass movements
process initiation and dynamics (run-out zones, impact forces, etc.)
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Risk Assessment
Indicators for the assessment of natural risk potentials and/ or tools for risk benchmarking
Research network for developing methods for an integral risk evaluation (as a base for public
investments)
Criteria for quality oriented results and cost-effectiveness of planning studies (e.g. ISO approaches)
Design of a monitoring system to follow risk evolutions
Build up risk perception and public awareness
Criteria how to evaluate direct and indirect damage cost

Risk Management by Planning
Models for an integrated approach to risk management at different levels and with different
measures
Workbook covering different measures and technologies to protect endangered areas and locations
(optimizing investments in risk mitigation)
Methods for cost-benefit analysis for the establishment of cost effective protective measures
Comprehensive planning and risk awareness by cross-sectoral training (technology transfer) and
transdisciplinary education

Vulnerability and Safety
Vulnerability of structures and critical infrastructures
Vulnerability of habitats, societal systems, public growth, financial markets and cultural landscape
Vulnerability of ecological systems
Recommendations for conflicts of interests between natural risks and social and economic needs
(pressure)
Analysis of the effects of extreme future developments (climatic change, technical failure, etc.) and
new scenarios for mitigation needs and measures for "new risks"
Benchmarking on acceptable risk levels
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Environment & Climate Programm
Technologies to forecast, prevent an
reduce natural risks
Hydrological and hydrogeological ris
(Contract No. ENV4-CT97-0551)

CONS RTIUM A REEMENT
Concerted Action on Forecasting, Prevention and
Reduction of Landslide and Avalanche Risks

LandlancheRisks
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Consortium Agreement
This agreement is made between the following Parties:

Swedish Geotechnical Institute, Sweden (SGI)

Coordinator

Osterreichisches Forscbungs- und Priifzentrum
Arsenal Ges.m.b.H., Austria (OFPZ Arsenal GmbH)

Associated Contractor

Bundesministerium fiir Land- und Forstwirtschaft,
Austria (BMLF)

Associated Contractor

Politecnico di Torino, Italy (POLITO)

Associated Contractor

Imperial College of Science, Technology and Medicine,
United Kingdom (Imperial College)

Associated Contractor

Whereas the Parties have decided to enter into a Contract with the Commission of the European
Communities (hereinafter referred to as "the Commission") to carry out the project:

Concerted Action on Forecasting, Prevention and Reduction of Landslide and
Avalanche Risks, LandlancheRisk
Contract No. ENV4-CT97-0551

within the framework of the Environment and Climate programme
and whereas the Parties wish to define certain of their rights and obligations in respect of carrying out
of the CEC Contract.
now thereof it is agreed as follows:
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1

Definitions
The words and expressions defined in the Contract and the Annex II of the EC Contract shall
have the same meaning in this Agreement.
Notwithstanding Article 3.2. of Annex II in the Contract, Associated Contractors shall be
granted the same rights as Contractors in all respects. They shall in this Consortium Agreement
hereinafter be called Party/Parties.

2

3

Purpose, scope and duration of the project
2.1

This Agreement will set out how the Project will be managed and the Parties'
obligations, rights and liabilities complementing those set out in the Contract. The
Parties shall undertake to co-operate under the conditions of this agreement in order to
execute and fulfil the Contract.

2.2

The scope of the Project is set out in the Technical Annex of the Contract and the
performance of the Project shall be shared between the Parties according to the tasks
and amounts respectively indicated in the Technical Annex of the Contract, and in
relative proportion to the respective budget allotments.

2.3

The performance of the Work is financed by the Commission as stated in the Contract
and by the Parties with their own funds.

2.4

Should any of the conditions of this agreement be found to be in conflict with the
Contract, then the conditions of the latter shall prevail.

2.5

This Agreement shall come into force at the date of its signature of all Parties, but shall
have retroactive effects from the date of the EC Contract and shall continue in full force
and effect until complete discharge of all obligations undertaken by the parties under the
Contract and this Agreement.

Coordinator
The Coordinator shall assume overall responsibility for liaison between the Parties and the
Commission concerning the Project, and for the administration of the implementation of the
Contract. To this effect, the Coordinator shall discharge on behalf of the parties such functions
as are defined by this Agreement, the Contract and, from time to time by the Steering Group.
This includes:
3.1

Submission of financial reports required for the release of funds from the Commission
and distribution of funds provided for the Work by the Commission to the relevant
Parties without undue delay.

3.2

Coordination of reporting of the Work and the writing of the technical reports and
submission of such reports to the Commission.
Supervision of progress relative to time schedules set out in the Technical Annex ofthe
Contract.

3.3

3.4

Arrangement, in cooperation with the Parties, of venues for meetings of the Steering
Group, Expert Group and the Symposium as well as project meetings, and circulation of
documentation required for such meetings.
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3.5

4

5

Any other responsibility given by the Commission according to the Contract, or given
by the Steering Group and accepted by the Coordinator.

Steering Group
4.1

The Steering Group shall consist of one member from each Party (SGI, OFPZ Arsenal
GmbH, BMLF, POLITO and Imperial College) and the Steering Group Chairman,
having one vote per member. Decisions of the Steering Group shall be made by
majority vote.

4.2

The Steering Group shall meet at least 4 (four) times throughout the term of the
Contract, and in connection with the Expert Group meetings and the Symposium, at the
request of the Chairman, or at any other time when necessary at the request of one of the
Parties.

4.3

The Steering Group shall be chaired by the Steering Group Chairman.

4.4

The Steering Group shall be in charge of:
4.4.1

Establishing guidelines in which the form, content and time frames for
milestones reports to be exchanged between the parties shall be stipulated.

4.4.2

Setting up a calendar of project meetings and reports.

4.4.3

Evaluating and reviewing the results of the project.

4.4.4

The Steering Group has the scientific and technical responsibility of the project.

Responsibilities of each Party
Each Party hereby undertakes:

5.1

5.2

To promptly supply the Coordinator and the Steering Group with all such information
and documents as the Coordinator and the Steering Group may require in connection
with the Contract to fulfil their obligations as provided for in this Agreement or as the
Commission may properly request and to keep the Coordinator and the Steering Group
informed of all such requests form the Commission and responses thereto.
Not to withhold or delay information or decisions needed by the Coordinator or the
Steering Group in the cases provided for in Article 4 in this Agreement.

5.3

To participate in the Project Meetings specified in Article 4 in this Agreement.

5.4

Towards each other each Party undertakes to use reasonable endeavours:
5.4.1

Itself, or as the case may be, jointly with others, to participate actively and to
perform on time the tasks assigned to it alone or with said others under the
agreed schedule, and to make available rights and information on time to other
parties under the terms and conditions defined in the Contract and in this
Agreement.

5.4.2

Promptly to notify the Coordinator and each of the other Parties of any delay in
performance.
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6

5.4.3

To prepare and present the reports to be submitted to the Commission under the
Contract both in sufficient time to enable the Coordinator to submit them to the
Commission in accordance with the Contract time scales, and in accordance
with the formats required.

5.4.4

Each party shall use reasonable endeavours to ensure the accuracy of any
information or materials it supplies to any of the other Parties hereunder or
under the Contract and promptly to correct any error therein of which it is
notified. The recipient Party shall be entirely responsible for the use to which it
puts such information and materials.

Confidentiality
6.1

Each Party undertakes to transmit free of charge all Foreground Information, technical
reports and reports which it produces to each of the other Parties.

6.2

With respect to all information (including Foreground Information and Background
Information and whether oral, in writing or in computer form), whether of a technical
nature or otherwise relating in any manner to the business of affairs of another party, as
is disclosed to a Party on a confidential basis by any other party hereunder or otherwise
in connection with the Projects, each Party undertakes to each of the other Parties that:
6.2.1

It will not during a period of 5 (five) years from the date of disclosure use any
such information for any purpose other than in accordance with the terms of the
Contract and of this Agreement.

6.2.2

6.3

7

It will during a period of 5 (five) years treat the same as (and use reasonable
endeavours to procure that the same be kept) confidential and not disclose the
same to any other person without the prior written consent of such other Party
in each case.
Undertakings in clause 6.2 shall not in any case be deemed to extend to any information
which the receiving Party can show:
6.3 .1

Was at the time of receipt published or otherwise generally available to the
public.

6.3 .2

Has after receipt by the receiving Party been published or become generally
available to the public otherwise than through any act or omission on the part of
the receiving Party.

6.3 .3

Was already in the possession of the receiving Party at the time of receipt
without any restriction on disclosure.

6.3 .4

Was rightfully acquired from others without any undertaking of confidentiality
imposed by the disclosing Party.

6.3 .5

Was developed independently of the work under the Contract by the receiving
Party.

Exploitation of Results
The Parties hereby agree that questions regarding exploitation of results that arise out of the
Project shall be negotiated between the Parties.

223

AppendixA4
7.1

8

In case ofjoint inventions where more than one Party jointly make an invention, design
or work and if the features of such joint invention are such that it is not possible to
separate them for the purpose of applying for or obtaining the relevant patent protection
or any other intellectual property rights, the Parties concerned may jointly apply for the
relevant patent or any other intellectual property rights.

Publication
The Parties accept the need to publish and disseminate the results of the research according to
the Contract and to use their existing means of communicating information to make the non
protected results known in their countries and regions. Publication includes also oral and written
information for anyone outside the Consortium. Publication of the results, however, shall only
take place in accordance with the provisions of confidentiality and the possibilities of patenting.
It is the duty of the Partners to ensure that all publications of work carried out as part of this
Contract are submitted for approval to all the Parties and this approval should be given within
30 (thirty) days of request. If any party does not respond within this period, such Party shall be
deemed to have approved the publication or communication.

It is important that the Parties are aware oftheir responsibility to ensure that all matters
concerning confidentiality, the possibilities of patenting and need for publication is respected. If
an objection is raised, publication can be postponed for a maximum of 6 (six) months in order to
allow the patenting of invention..
9

Assignment
The rights and obligations created by or arising from this Agreement may not be ceded,
assigned or otherwise disposed of in whole or in part by any Party unless otherwise expressly
permitted by this Agreement without obtaining the prior written consent of all the other Parties,
and where necessary the written approval of the Commission.
No Party shall without the prior written consent of the others assign or otherwise transfer
partially or totally its rights and obligations under this Agreement save in the event or merger
consolidation or re-organisation where the new entity so formed undertakes all the obligations
of the former entity regarding this Agreement.

10

Liability
10.1

Each Party shall be fully responsible for the performance of any part of its share of the
work under the Contract each at its own risk and under its ovm liabilities. Each Party
indemnifies any other Party in respect of the work carried out by the indemnifying
Party.

10.2

In case of default of a Party and the prior written agreement of the Commission, such
defaulting Party may, after a period of two (2) months following notification to such
defaulting Party by the Coordinator to remedy such default, be excluded from the work.
In such case, the other Parties will meet to examine the consequences of such default.
In case of Article 5.4 of Annex II of the Contract applying to one Party, the other Parties
shall meet to decide upon exclusion of such Party from the work.
The defaulting Party will grant the other Parties a right of use of its Fore ground
Information free of charge and use of its Background Information on reasonable terms
for the performance of the work. The defaulting Party's rights to use Foreground and
Background Information and Foreground and Background Rights made available to it
under the terms of this Agreement shall thereupon cease.
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In any case where a Party is liable as a result of the default of another Party, the Party
who has been held liable shall have an indemnity against and be held harmless by the
Party which defaulted.
10.3

10 .4

11

12

The withdrawal of one or more Parties shall not affect the validity of this Agreement in
respect of the remaining Parties. In such case the Party which withdraws shall be subject
to the provisions of clause 10.2 above where applicable. The remaining Parties will then
meet to examine the consequences of such withdrawal in agreement with the
Commission.
Unless expressly stated herein, which shall for the avoidance of doubt include this
clause 10, no Party to this Agreement shall be liable to any other Party for any indirect
or consequential damages such as, but not limited to, loss or profit, loss of production or
loss of contract.

10.5

If any action by a Party including but not limited to withdrawal of the withdrawing
Party causes the Commission to claim the repayment of financial support the Party
which occasioned such claim shall promptly repay such financial support either direct to
the Commission or through the Coordinator and indemnify the other Parties against any
claim by the Commission against any or all ofthe Parties in respect of that Party's
failure to make such repayment.

10.6

If as a result of termination of the Contract the Commission claims the repayment of
overpaid financial support it has given under the Contract, each Party shall promptly
repay either direct to the Commission or through the Coordinator its share of any such
financial support it has received.

Settlement of dispute
11.1

In case of dispute or difference between the Parties arising out of or in connection with
this Agreement the Parties hereto shall first endeavour to settle it amicably.

11.2

Disputes or differences arising in connection with the Agreement which cannot be
settled as provided for in the preceding paragraph shall be finally settled under the Rules
of Conciliation and Arbitration of the Arbitration Institute of the Stockholm Chamber of
Commerce by one Arbitrator to be appointed by agreement between the disputing
Parties without confirmation by the Court. If the Arbitrator is not appointed within thirty
(30) days from the request for arbitration by a disputing Party either disputing Party
may ask the Arbitration Institute of the Stockholm Chamber of Commerce for the
appointment of an Arbitrator. The arbitration shall take place in Linkoping, Sweden, or
the place of the arbitration shall be agreed by the Parties concerned as long as it is
conducted in the English language.

11.3

The award of the Arbitrators shall be final and binding upon the Parties concerned.

Termination of contract
No Party shall withdraw or terminate this Agreement and/or its participation in the Project
unless it has obtained written consent of the Steering Group and the Commission, or the Party's
participation in the Contract is terminated by the Commission pursuant to the provisions of
Article 5 .4 of Annex II in the Contract.
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13

Language
This Agreement is drawn up in English and all documents, notices and meetings for its
application and/or extension or amendment shall be in English, as well as the working language.

14

Applicable law
The law of Sweden shall govern the Contract and this Consortium agreement.

15

16

Amendments
15 .1

Amendments or changes to this Agreement shall be made in writing and signed by the
duly authorised representatives.

15.2

No amendment to this Agreement shall be binding on the Parties unless it is in writing
and signed on behalf of all the Parties.

The Entire Agreement
16.1

This Agreement constitutes the entire Agreement between the Parties.

16.2

This Agreement shall not come into effect until all the parties have signed the
Agreement.

16.3

Once effective, this Agreement shall continue until final payment for the work has been
received by all the Parties and until the Contract has been terminated.

16.4

The conditions of Article 7 in this Agreement shall survive and remain binding after the
expire or any termination of this Agreement.

16.5

Nothing in this Agreement shall be deemed to create a partnership or agency between
the Parties or any of them, save for the purpose of this Agreement and the Contract the
Coordinator is entitled to act on behalf of the other Parties in accordance with the terms
of the Contract and of Article 3 of this Agreement.
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Authorised to sign on behalf of Swedish Geotechnical Institute
Signature:

Title:

Name:

Date:

Authorised to sign on behalf of Osterreichisches Forschungs- und Priifzentrum Arsenal Ges.m.b.H.
Signature:

Title:

Name:

Date:

Authorised to sign on behalf ofBundesministerium fiir Land- und Forstwirtschaft
Signature:

Title:

Name:

Date:

Authorised to sign on behalf of Politecnico di Torino
Signature:

Title:

Name:

Date:

Authorised to sign on behalf of Imperial College of Science, Technology and Medicine
Signature:

Title:

Name:

Date:

227

AppendixA4

LandlancheRisks
Steering Group Meeting 1 (S1)
Minutes
Date

23 - 24 March, 1998

Venue

SGI, Linkoping, Sweden

Attendants

Mrs. Antonella
Chiappone

Politecnico di Torino, Dipartimento di
Ingegneria Strutturale, Italy

Dr. Chiara Deangeli

Politecnico di Torino, Dipartimento di
Ingegneria Strutturale, Italy

Mr. Jan Fallsvik
(Co-ordinator)

Swedish Geotechnical Institute, Sweden

Prof. John Hutchinson

Imperial College, Department of Civil
Engineering, United Kingdom

Dr. K. Rainer
Massarsch

Swedish Geotechnical Institute, Sweden/ Geo
Engineering AB, Sweden

Mr. Bengt Rydell
Swedish Geotechnical Institute, Sweden

Dr. Horst
Schaffhauser

Institut fur Wildbach- und Lawinenkunde,
Austria

Dr. Erich Schwab
6sterreichisches Forschungs- und Pri.ifzentrum
Arsenal Ges.m.b.H., Austria

Dr. Bjorn Sellberg
(Chairman)

Mr. Kenneth Ahlvik
(Secretary)

Swedish Geotechnical Institute, Sweden/
Swedish Council for Building Research,
Sweden
Swedish Geotechnical Institute, Sweden

These minutes will be approved at the Conference Call 5 May.
Tasks are marked as text in italics within frames.

GENERAL
On a general level, all partners stressed the importance of international work and European
collaboration. More specifically concerning the project, a fascination for the subject was expressed, as
was a hope to exchange and gain lrn.owledge and create improved or new links between experts and
different disciplines. The benefits of this project could be both of a technical (improved methods and
practices) and of a humanitarian nature (save life and property).

228

AppendixA4

SCIENTIFIC AND TECHNICAL CONTENT OF THE PROJECT
The principal objective of the project is to compile and disseminate existing lmowledge and methods
1
of Risk Assessment and Warning Systems2 related to landslide and avalanche problems. A further
objective is to create links between disciplines and researchers active in these fields and to adjacent
fields that may contribute to the project.
The following problem fields were discussed during the meeting as relevant for projects, dealing with
risk assessment and warning systems:
-

Avalanches
Debris Flows and Torrents3
Different types of Landslides
Rockfall

The discussions lead to the decision to include torrents and debris flow, though initially only
landslides in soft/loose soils and avalanches are foreseen in the Contract with the Commission of the
European Communities (CEC). However, in the discussions the importance of including Torrents and
Debris Flow in the project was emphasised. The reasons for this are the similarities between torrents
and avalanches as such and also the anticipated similarities regarding risk assessment and warning
systems between the two phenomena.

It was pointed out that the objective of the present project is to compile existing lmowledge (state of
practice and state of the art) and to disseminate this information to researchers and practitioners
working in the respective areas (landslide and avalanche problems). Therefore, the project should
concentrate on the Concept of Risk Assessment and Warning Systems. Thus, it will be possible to
incorporate relevant knowledge from adjacent fields into the framework of the project. With this
approach, the main objective will be to compile relevant lmowledge and to apply this to the three
problem fields - avalanches, landslides and torrents - irrespective of type of mass movement
phenomena.
The contents of the present project, i.e. (risk assessment and warning systems for avalanches,
landslides and debris flow/torrent problems), should also be discussed at National Meetings, as these
will be important sources of information and channels of information exchange and dissemination.
As the project also shall identify fields for further research, mass movements ofrock and other
materials etc. may be in the objective of a future projects.
The project work concerning Risk Assessment will be conceptual. The definition of Risk includes
Probability as well as Consequence. However, in this project the emphasis will be put on probabilities.
A Risk Assessment always must be performed before installation of a Warning System. The project
should focus on the possibilities of predicting movements on, or in, slopes and their propagation
downwards the slope. An initial inventory e.g. a Hazard Zone Mapping will be included in the Risk
Assessment part ofthe project as well.

SGI shall review the Work Plan taking into consideration the conclusions ofthe discussions ofthe
first Steering Group meeting. The Work Plan shall be distributed before the conference call 5 May
1998.

1

Risk Assessment shall include inventory (survey mapping), field and laboratory investigations, analysis and
evaluation of hazards.
2
Warning Systems shall include Monitoring Systems and related evaluation methods
3
The phenomenon Debris Flow and Torrent is defmed here as mass movement of material in a liquid state,
triggered by e.g. earthquakes, rainfall or avalanches, occurring in mountainous regions
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INFORMATION ABOUT CURRENT PROJECTS

Details ofthe following two current projects will be reported to the Steering Group.
I.

In the Region ofPiemonte in northern Italy, a Slope Stability Project is about to start. Risk
mapping will be carried out during its first phase. Politecnico di Torino will present the first
results at the Steering Group Meeting 2 (S2).
·

2.

The Institut fiir Wildbach- und Lawinenkunde in Austria participates in a project funded by the
CEC. The project called SAME (Snow and Avalanche Mapping in Europe) has fourteen partners
and shall develop a Prototype For Mapping. Horst Schaffhauser will send a technical report of
the project to Kenneth Ahlvik before 5 May.

CORRECTION
In the Technical Annex to the CEC Contract (Content of the Work Programme), under '2. Work
Content, 2.1 Objectives and goals', page 3, 'snow stability' shall be exchanged to 'snow stability and
avalanche dynamics'.

MEETINGS
The time schedule for the different project meetings, according to the Technical Annex, is presented in
the table below:

Month
Event
Month

March
1998
S1

April

March
1999

April

May

June

July

Aug

Sept

Oct

Nov

Dec

Jan
1999

E1

Event

May

June

July

Aug

Sept

Oct

S2
Nov

Dec

Jan
2000

W1
W2

E2

Feb

Feb
S3

S1 - S3 = Steering Group Meetings, E1 - E2 = Expert Group Meetings, W1 - W2 = Symposium/Workshops

4

In order to follow up the first Steering Group Meeting, e.g. to decide the assignment of tasks and
responsibilities to the partners for efficient continuation of the work, a conference call (a
telephone conference) shall be held on 5 May. During the meeting it was also decided that the two
Expert Group Meetings should merge and take place at two consecutive days in February 1999.
This will give more time to prepare the Expert Group Meetings and save travel and subsistence costs
fore the project. An additional Steering Group Meeting will take place in connection with these
meetings. The time schedule for the different project meetings will be changed as follows:

Month
Event

Month

March
1998
S1

April

March
1999

April

May

June

July

Aug

Sept

T1

May

Oct

Nov

Dec

Jan
1999

Feb

Nov

Dec

Jan
2000

Feb

S2

June

July

Aug

4

Sept

Oct

The two Workshops are carried out during two consecutive days to form a Symposium. The first Workshop,
Wl, deals with Risk Assessment and the second Workshop, W2, deals with Warning Systems.
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Event

E1

S4

W1
W2

E2
S3

S1 -S3 = Steering Group Meetings, E1 - E2 = Expert Group Meetings, W1 - W2
Call (Telephone Conference)

= Symposium/Workshops, T1 '"'Conference

During the meeting it was also decided tentatively where the next steering group meetings should be
held. The new meeting schedule is as follows:

Meetin2
Telephone conference*

Date and Time
5 May 1998, 10.00-12.00 a.m.
(Central European Time)
26 October 1998

Second Steering Group Meeting
(S2)
Expert Group Meetings 1 - 2 and 1 -3 March 1999
Third Steering Group Meeting
(S3)
Symposium containing the two
28 - 29 October 1999
Workshops (WI and W2)
Fourth Steering Group Meeting
late January 2000
(S4)

Place

Torino
Innsbruck

Wien
London

* SGI will arrange the conference call
The Expert Group Meetings and the Workshops have to be planned in detail as soon as possible.
These meetings should be planned and arranged in such a way, that the invited experts and the target
group for the Symposium Workshops will regard them as important events to attend. The Workshops
must be announced as soon as possible.
The format and contents ofthe deliverables from the Expert Group Meetings must be jointly
agreed upon. One alternative is that the experts invited to these meetings are asked to prepare written
presentations or manuscripts of papers. Another way of documenting information is to make
written summaries of the meeting discussions and compile them to a meeting report.
It is important to receive increased in ut to the ro ·ect and to et a forum for dissemination of the
project results. There ore National Meetin s shall be or anised b Partners.
The target group for these meetings could be researchers, manufacturers, end-users etc. working with
related problems. The intention of these meetings is, to facilitate the compilation of existing
knowledge, and to initiate the use of existing national expert networks. However, the National
Meetings have to be financed by the respective country from national funds.

REPORTS
The CEC requires technical and scientific reports containing the results of the project and also
administrative reports for the follow-up of the project. Therefore, the following reports are to be
published as a part of the work ofthe project according to the Technical Annex:
-

State-of-the-Art and State-of-Practice reports
Regional/National reports
Symposium proceedings
Final report
Annual progress reports to CEC

The contents of the reports should be defined at an early stage.
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Existing work must be compiled. One task is to ask colleagues to contribute with on-going research.
Material shall be compiled from all countries in the European Economic Area. Relevant knowledge
and methods from regions outside Europe should also be incorporated in our work.

It was suggested that the State-of-the-Art, the State-of-Practice Reports and the Regional Reports
should be arranged and divided according to themes rather than by regions, in order to reduce the
amount of editing work. A suggestion regarding the assignment of responsibilities for compiling
information on a regional basis, as suggested by the co-ordinator on the meeting, is presented in
Appendix 1.

I The Reports shall be presented to the Steering Group as drafts for review before publication.
Times for presentation of the drafts will be decided at the Conference Call 5 May.

ORGANISATION OF THE PROJECT
COMMUNICATIONS
A Communication Form was handed out during the meeting and should be filled in and
returned to Kenneth Ahlvik be ore 27 A ril.
CONSORTIUM AGREEMENT
The Consortium Agreement should be checked by the Partners and their legal experts. Any
comments should be communicated to Kenneth Ahlvik at the earliest convenience.
It is anticipated that the Final Agreement will be signed as soon as possible but by the latest at the
Second Steering Group Meeting (S2), to be held in Torino 26 October 1998.
BUDGET
After tasks and responsibilities have been assigned, the budget can be completed, and each Partner
will receive compensation as a lump sum to cover costs for arranging meetings, travel, subsistence,
etc. Further funds will be available for preparation of reports.

SGI will work out and distribute a proposalfor assignments and budget in time for the
Con erence Call 5 Ma .

8.

TASKS TO BE COMPLETED BEFORE NEXT MEETINGS

Before the next meeting (the Conference Call on 5 May) the following tasks should be carried out:

-

Review the input from 23 March, presented by the attendant Partner Representatives (Partners)
Consider how the Partners' own organisations could contribute with know-how and methods in
the fields ofRisk Assessment, Stabilisation, Monitoring and Warning Systems (Partners)
Suggest ways ofobtaining knowledge and methods in the fields ofForecasting, Prediction and
Reduction ofRisks (Partners)
Review the SGI Risk Chart, cf Appendix 2 (Partners)
A technical report over the SAME-project will be sent to Kenneth Ahlvik. (Horst Schaffhauser)
Proposal for assignments and budget (Co-ordinator)
Review ofthe Work Plan (Co-ordinator)
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Before the Steering Group Meeting 2 (S2) the following tasks should be carried out:

-

A presentation ofthe first results ofthe Slope Stability Project in the Regfon ofPiemonte will be
prepared (Politecnico di Torino)
Organising National Meetings (Partners)
Review ofNational (Regional) Network of Experts relevant for the project (Partners)
List ofexperts proposed to be invited to the two Expert Group Meetings (Partners)
Draft Regional Reports (Partners)

At times, that will be decided at the Conference Call, the following tasks shall be carried out:

-

The Consortium Agreement should be checked by the Partners and their legal experts. Any
comments should be communicated to Kenneth Ahlvik. (Partners)
The Reports shall be presented to the Steering Group as drafts for review before
publication. (Partners)

9. NEXT MEETING
The next contact will be the Conference Call on 5 May 1998, 10.00 o'clock a.m. (Central European
Time). No additional notice to attend will be sent. An agenda will however be distributed in time for
the meeting.
In case you will not be reachedfor the meeting by the phone number stated in the Contract
Negotiation Form, please, send the proper telephone number to Kenneth Ahlvik by 27 April the
latest.

Kenneth Ahlvik

Approved by

Jan F allsvik
Co-ordinator

Bjorn Sellberg
Steering Group Chairman
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LANDLANCHERISKS
Telephone Conference T1
Minutes
Date and time

5 May 1998, 10.30 - 11.30

Attendees

Mr. Jan Fallsvik (JFK), Co
ordinator
Prof. John Hutchinson (JHN)
Dr. K. Rainer Massarsch (RMH)
Mr. Rickard Niederbrucker
(RNR)
Mr. Bengt Rydell (BRL)
Prof. Claudio Scavia (CSA)
Dr. Horst Schaffhauser (HSR)
Dr. Erich Schwab (ESB)
Dr. Hubert Siegel (HSL)
Dr. Bjorn Sellberg (BSG),
Chairman
Mr. Kenneth Ahlvik (KAK),
Secretary

§1

SGI, Sweden
Imperial College, England
Geo Engineering AB/SGI, Sweden
OFPZ Arsenal G.m.b.H., Austria
SGI, Sweden
Politecnico di Torino
Institut fur Wildbach und Lawinen
kunde, Austria
OFPZ Arsenal G.m.b.H., Austria
BMLF, Austria
BFR/SGI, Sweden
SGI, Sweden

OPENING AND CONFIRMATION OF ATTENDING PERSONS

The Chairman, BSG; opened the meeting and the attendees introduced themselves.

§2

CONFIRMATION OF THE AGENDA

The agenda, distributed prior to the telephone conference, was confirmed.

§3

APPROVAL OF THE MINUTES OF STEERING GROUP MEETING 1

The Minutes of Steering Group Meeting 1 were approved with the following comments and
clarifications:
2. Scientific and technical content of the project
The main topics of the project are landslides and avalanches, but they may to be complemented by
debris flow (Germ. Muhren) caused by torrents in Austria, where these phenomena are an important
part of the problems caused by mass movements.
7. Tasks to be completed before the next meetings
In the box containing the tasks that should be carried out before the Conference Call, the word
stabilisation shall be removed from second task: "Consider how the Partners' own organisation ... ".

§4

WORK PROGRAMME: MEETINGS AND REPORTING

The document entitled 'Additions to the Work Plan', shall instead be called 'Detailed Work Plan' to
avoid being interpreted as a document adding further tasks to the project, rather than clarifying the
existing ones.
The Detailed (Additions to the) Work Plan was approved of with the following amendments:
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Page 9:
The deadline for reporting the Literature Survey is extended from 15 June 1988 to 15 July 1998. By
this date the compilation of the information listed on page 9, item 1 -4, shall be completed.
The deadline for the Regional Reports and the International Report was moved from 1 September
1998 to 10 September 1998.
Page 10-11:
In the list of contents of the State-of-the-Art/State-of-Practice Report, the word 'Limitations' shall be
exchanged for 'Boundaries' in Ch. 1. -Introduction.
The chapters, all numbered '1' in the document, shall be numbered 1 - 5.
The distribution of countries between the partners made in Appendix 1 is only intended as a tool for
collecting the material for the State-of-the-Art/State-of-Practice Report. Howerver, the Final Report
will combine and summarise the information gathered on a regional basis.
In the Alpine Region, mass movements (Debris Flows) are often trigged by Torrents, therefore ESB
proposed, that the OFPZ would also compile data concerning debris flows caused by torrents in
Austria (and possibly also in Germany and Switzerland etc.). CSA confirmed that Politecnico di
Torino would contribute with information about landslides in soft soils, and would investigate the
imortance of debris flows caused by torrents in Italy (possibly also in France and Spain). Politecnico
di Torino will contact the Centre for Risk Forecast of the Piemonte Region (or other organisations
concernined), regarding snow and avalanche research in Italy. Also other organisations in France and
Spain will be contacted, which could supply information about snow and avalanche research. In
addition, the Institut fur Wildbach und Lawinenkunde (Austria) could provide additional information
and contacts with avalanche reserachers in Italy, France and Spain. The distribution ofresponsibilities
for the regional reporting is shown in Appendix 1.
As decided in the first Steering Group Meeting, Rockfalls will not be included in this project.
CSA confirmed that Politecnico di Torino could arrange Steering Group Meeting 2 in Torino 26 27
October, 1998, possibly beginning with a tour to sites of interest on Sunday 25 October. JFK and CSA
will stay in contact to discuss the details and scope of the meeting.
HSR confirmed that the Institut fiir Wildbach- und Lawinenkunde will arrange the two Expert Group
Meetings and Steering Group Meeting 3 in Innsbruck during 1 - 5 March, 1999.
All Partners are requested to establish a detailed list of organisations and individuals who might be
invited to the expert group meetings. This list should also include details about ongoing, recent and
future research projects (national and/or international).
SGI will prepare a draft letter which can be used to present the LandlancheRisk project for
introduction when potentially interested organisations are contacted by the project members. Each
partner should add further relevant information.

§5

BUDGET PRINCIPALS

A project budget is being worked out by SGI, based on the task distribution and assignments of
responsibilities as described in the Work plan and the Detailed Work Plan. Each partner will receive
funds for the "concertations costs" which are defined in the EC Contract's Annex II and a partial
support for the work to prepare the following reports:
-

State-of-the-Art and State-of-Practice reports
Regional/National reports
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Symposium proceedings
Final report
The financial support will be a lump sum, for the administration of which each project partner is
responsible.

§6
(S1)

DISCUSSION OF THE TASKS ISSUED AT STEERING GROUP MEETING 1

Claudio Scavia promised to look into the possibilities for Politecnico di Torino to carry out the
compilation of material about avalanches and torrents in Italy and the other countries assigned to the
Politecnico for the State-of-the-Art/State-of-Practice Report. JFK and CSA will be in contact by phone
in the next few days concerning this matter. If it turns out that the information about debris flow
caused by Torrents in Italy or other countries (Spain, Protugal or Greece) proves to be difficult to
obtain, this aspect will be excluded from the project.
HSR has information about Italian working groups in the field of snow research. HSR and CSA will
be in contact by phone to discuss the matter further and inform JFK about the results of this discussion
by E-mail.
In the Minutes from Steering Group Meeting 1, Item 2: Scientific and Technical Content of the
Project, page 2, the objective is stated. The goals are also stated in the Detailed (Additions to the)
Work Plan, page 3. This latter definition of goals may give the impression of being less concrete.
Therefore, these two definitions of goals shall be combined into one concrete set.

The first step of project work shall be to compile material ofrelevance to the State-of-the-Art/State-of
Practice Report on published material. This will be done on a regional basis, and later combined to a
general presentation of the findings. In addition, relevant information on current RTD projects will be
collected at the Expert Group Meetings.

§7

OTHER BUSINESS

In order to make the distribution of documents and information reliable, inform KAK of what data
format you require to be able to read E-mails with attachments. Since the use of different versions of
the programme Microsoft WORD (Word 6.0 and/or preferably Word 97) has and can cause formatting
problems, please inform your preference. Thereafter, guidelines for future use of document formats
will be given by SGI.

§8

NEXT CONFERENCE CALL

The next Conference Call will take place Monday 29 June 1998, 10.00 - 11.30 Central European
Time.

Kenneth Ahlvik
Approved by

Jan Fallsvik
Co-ordinator

Bjorn Sellberg
Chairman
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Steering Group Meeting No 2
Minutes
Date

October 26-27, 1998

Venue

Bossolasco, Italy

Attendants

Mr. Richard Niederbrucker

RN1

Osterreichisches Forschungs- und Prilf
zentrurn Arsenal Ges.m.b.H., Austria

Mrs. Antonella Chiappone

ACH

Politecnico di Torino, Dipartimento di
Ingegneria Strutturale, Italy

Dr. Bo Berggren (Co-ordinator)

BBE

Swedish Geotechnical Institute, Sweden

Prof. John Hutchinson

JHU

Imperial College, Department of Civil
Engineering, United Kingdom

Dr. Erich Schwab

ESC

Osterreichisches Forschungs- und Prilf
zentrurn Arsenal Ges.m.b.H., Austria

Dr. Bjorn Sellberg (Chairman)

BSE

Swedish Council for Building Research,
Sweden

Dr. Horst Schaffhauser

HSC

Institut fur Wildbach- und Lawinenkunde,
Austria

Dr. Claudio Scavia

csc

Politecnico di Torino, Dipartimento di
Ingegneria Strutturale, Italy

Dr. Marco Cordola

MCO Regione Piemonte

1

OPENING OF MEETING

Dr Claudio Scavia welcomes the attendees.
The Chairman opens the meeting.
The agenda is approved. It is agreed upon that item 5, 6 and 7 are of first priority.
2

FORMER MEETINGS

The Minutes from the Telephone Meeting No 3 are approved.
3

STATE OF PROJECT

Budget matters are discussed. It is decided that SGI pays 50% of budget after Partner's invoice of
achieved 50% of given and approved tasks.
Each Partner shall sign the Consortium Agreement by an authorised person at earliest convenience.
An address-list is passed around the table for revision. The revised address-list shall be distributed by
the Project administration via e-mail on November 2. DHL or similar carrier shall execute surface mail
to Italy.
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4

Other EC Projects

HSC informs on the SAME Project, that started 1996-07-01. Harmonised databases are prioritised.
Field tests have failed to collect sufficient data due to lack of snow during the last two winter periods.
Only one test in Norway was successful. The SAME Project will arrange a meeting in Venice
November 11 and 12, 1998.
5

EXPERT GROUP MEETINGS

The goal of the Meetings is decided to be "Experts come together and discuss the subjects".
The principles of the Expert Group Meetings are discussed. It is decided that two parallel sessions, one
for avalanches and one for landslides, will be running during two days. Intercepting main sessions will
collect conclusions from discussions, ideas, findings etc. from the parallel sessions, see scheme below.
Thereby, experts from both technologies will meet and discuss and come to possible mutual
conclusions and synergetic effects.

Scheme ofProgramme principles:

Snow

Soil

In order to identify experts the programmes of the Meetings are discussed. It is decided that the
programme of the Meetings will be based on the following subjects:
1. Terminology

2. Inventory (data collection from archives and maps, field and laboratory investigations, interviews,
etc.)
3. Mapping (GIS etc.)
4. Modelling
5. Hazard assessment
6. Risk assessment
7. Monitoring and warning systems
8. Measures
9. Conclusions
Countries are listed, where experts in the two fields can be found, se below.

Country
Austria

Snow

Soil

X

X

Belgium

X

Denmark

X

France

X
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Germany

X

Greece
Iceland

X

X

Ireland
Italy

X

X
X

X

Netherlands

X
X

Norway

X

X

Spain

X

X

Sweden

X

X

Switzerland

X

X

UK

X

10

14

A preliminary list of experts is developed, see Enclosure. The experts will be asked to accept an
invitation to give their statement on the reports in view of own experience. They will also be asked to
give a written contribution.
It was decided to present the following offer to invited experts:

Experts travelling long distance:

expences, maximum 800 ECU

Experts travelling short distance:

expences, maximum 700 ECU

The final list of experts shall be decided via e-mail not later than November 25. Totally 25 or
approximately 12 experts on each field (snow and soil), i.e. two experts per subject, will be invited.
Experts in on going EC Projects with similar technologies shall be recognised in the final choice of
experts.
BBE presents a draft on an invitation to the Meetings. HSC shall send remarks on the draft to BBE as
soon as possible.
The 1st invitation shall be distributed in November.

6

FINAL SYMPOSIUM

It is decided that the symposium will be held in late January 2000 and that the symposium will host
not more than 120 people.

The target group is a wide group of people with interest in the subjects, e.g. end-users, decision
makers, representatives :from industry and tourist organisations, and experts.
It is decided that a working group, where BBE and ESC participate, shall present drafts on
programme, invitation etc. not later than December 1.
It is decided that a final draft on invitation shall be presented at the Expert Group Meetings. A final
invitation shall be distributed not later than 1 month after the Expert Group Meetings.

7

REGIONAL REPORTS

Drafts on the Regional Reports are presented.

239

AppendixA4

It is decided that final drafts on the Reports shall be distributed to experts that accept the 1st invitation
to the Expert Group Meetings.
8

GENERAL REPORT

The General Report will be initiated by JHU.

It is discussed that the General Report will be related to the subjects of the Expert Group Meetings.

It is decided that BBE present a short list of geotechnical terminology and terminology related to risk
assessment and that HSC presents a short list of avalanche terminology.

9

OTHER REPORTS

It is decided that the literature review shall be finalised by the end of November.

10

OTHER BUSINESS

BBE informs on a planned network regarding risk assessment.

Bo Berggren
Co-ordinator

Bjorn Sellberg
Steering Group Chairman
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LANDLANCHERISKS
Telephone Conference T2
Minutes
Date

29 June 1998

Venue

Telephone conference

Attendees

Mr. Jan Fallsvik, Co-ordinator (JFK)
Prof. John Hutchinson (JIIN)
Dr. K. Rainer Massarsch(RMH)
Mr. Rickard Niederbrucker (RNR)
Mr. Bengt Rydell (BRL)
Prof. Claudio Scavia (CSA)
Dr. Horst Schaffhauser (HSR)

Absentees

§1
PERSONS

Dr. Bjorn Sellberg, Chairman (BSG)
Mr. Kenneth Ahlvik, Secretary (KAK)

SGI, Sweden
Imperial College, United Kingdom
GeoEngineering AB/SGI, Sweden
OFPZ Arsenal G.m.b.H., Austria
SGI, Sweden
Politecnico di Torino
Institut fur Wildbach und Lawinen
kunde, Austria
BFR/SGI, Sweden
SGI, Sweden

Dr. Erich Schwab (ESB)
Mr. Hubert Siegel (HSL)

OFPZ Arsenal G.m.b.H., Austria
BMLF, Austria

OPENING

AND

CONFIRMATION

OF

ATTENDING RESPONSIBLE

The Chairman opened the meeting and welcomed the attendees around the line.
The attendees introduced themselves.
§2
CONFIRMATION OF THE AGENDA
The agenda was approved.

§3

GUIDELINES OF THE REPORTS

The Guidelines of the Regional and the Current-State-of-Practice (CSOP)
Reports, 18 June 1998, were accepted.
The Guidelines shall in applicable parts also be used for the compilation of the
regional reports, since they will form the contents of CSOP.

§4
SGI

DEADLINE FOR SENDING REGIONAL REPORTS TO

The deadline for sending the regional reports to SGI remains 15 July 1998.

ALL
PARTNERS
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§5

EXPERT GROUP MEETINGS AND WORKSHOPS

RESPONSIBLE

List of Experts

Reminder: All partners should have sent suggestions of names of experts, who
would be eligible to invite to the Expert Group Meetings before the 15 June
1998. For different reasons it has not been possible to meet this deadline.
Instead, it was decided that all partners shall send their names of experts to SGI
immediately and if necessary complete the list with further names as soon as
possible.
All partners
Generally speaking, experts from the whole world can be suggested and are
welcome to participate in the Expert Group Meetings. However, the limited
project budget will make it difficult to cover the expenses for experts outside the
EU-EFTA area.
Based on the partners' suggestions of experts, SGI will make a provisional list of
persons to invite. A balance between experts from both the research fields, JFK
snow/avalanche and landslide research is desirable. This list will be discussed
and decided by all partners.
HSR promised to send a list of Spanish and Italian snow/avalanche experts to
CSA.
HSR
Expert Group Meetings

The primary objectives of the Expert Group Meetings was discussed. It was
agreed that the Expert Group Meetings shall concentrate on and thoroughly
discuss the technical topics of the project. The Steering Group will define these.
At the Expert Group Meetings, the final draft of CSOP should be presented,
discussed and supplementary aspects identified.
Instead of two expert groups in two different meetings of two days each as
planned earlier, it was decided that they should be concentrated to one wider
meeting, in which one broader group of experts meets during three days and both
the topics of Risk assessment and Warning systems will be covered.
The partners ofLandlancheRisks completed by landslide experts and some of the
participants of the European project SAME, should form the basis of the JFK
participants of the Expert Groups. A proposal for the meetings will be made by
JFK.
HSR
HSR will send a summary of the SAME project and a list of its partners to SGI.
Workshops

The objectives and the contents of the Symposiums' two Workshops were
generally discussed.
In the draft of Bulletin 1 of 26 June 1998, it is written that both prevention and
reduction of risks will be included in the scope of the Workshops. This is not
correct, prevention remains outside the scope. In page 3, it is also stated that the
Workshops shall have the following content:
11

11
11

Evaluation of Possible Synergy Effects
Good Practice - Landslides and Avalanches, separately and in combination
Future R&D Needs - Landslides and Avalanches, separately and in
combination
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The third point (Future R&D Needs) should only be presented briefly.
The Workshops shall focus on dissemination of knowledge and contacts between
experts and different technology users. Possibly, a few experts will be invited by
the Steering Group to write papers and present these at the Workshops.
The Workshops should focus on disseminating the results of the Concerted
Action in broad context. For example, the following topics should be considered:
regional administrators and how they cope with their snow and slope problems;
discussions between technical experts; and future practice and research.
The draft Bulletin of the Workshops presents the contents in a too complicated
way and gives the impression of being aimed mainly to experts and researchers.
The contents and the focus of the Workshop must be defined, then the Bulletin
shall be rewritten accordingly.
JFK will make a proposal for the contents of the Workshops.

JFK

KAK

SHALL DISTRIBUTE HSR'S INFORMATION ABOUT THE SAME
PROJECT TO ALL PARTNERS.
§6

KAK

CONFIRMATION OF BUDGET

The Project Budget, 18 June 1998, was approved by all partners.
§7
OTHER BUSINESS
HSR promised to send his e-mail address to SGI.

HSR

In order to be certain that all partners receive all information, all e-mails that are
sent between the partners should be confirmed by a returning e-mail.
All partners

§8

NEXT CONFERENCE CALL

The next Conference Call will take place on Wednesday 16 September 1998,
10.00-11.30 Central European Time. SGI will arrange the call.

Kenneth Ahlvik
Approved by

Jan Fallsvik
Co-ordinator

Bjorn Sellberg
Chairman

243

AppendixA4

LANDLANCHERISKS
Telephone Conference T3
Minutes
Date

20 September 1998

Venue

Telephone conference

Attendees

Dr. Bo Berggren, Co-ordinator (BBN)
Prof. John Hutchinson (JHN)
Dr. K. Rainer Massarsch (RMH)
Prof. Claudio Scavia (CSA)
Dr. Horst Schaffhauser (HSR)

Absentees

§1

Dr. Bjorn Sellberg, Chairman (BSG)
Mr. Kenneth Ahlvik, Secretary (KAK)

SGI, Sweden
Imperial College, United Kingdom
GeoEngineering AB/SGI, Sweden
Politecnico di Torino
Institut fur Wildbach und Lawinen
kunde, Austria
BFR/SGI, Sweden
SGI, Sweden

Mr. Rickard Niederbrucker (RNR)
Dr. Erich Schwab (ESB)
Mr. Hubert Siegel (HSL)

OFPZ Arsenal G.m.b.H., Austria
OFPZ Arsenal G.m.b.H., Austria
BMLF, Austria

OPENING AND CONFIRMATION OF THE AGENDA

The Chairman opened the meeting and welcomed the attendees around the line.
The attendees introduced themselves.
To the agenda was approved with to additions:
New§ 2: Information from the Co-ordinator
§ 12 Other Business

§2

INFORMATION FROM THE CO-ORDINATOR

In order to achieve a smooth change of co-ordinators and to update and inform
the new co-ordinator, JHN, RMH and BBN had a meeting at the Royal Institute
of Technology (KTH), Stockholm, on September 7, 1998.
SGI is organising a national Swedish information for researchers and end-users
about LandlancheRisks in conjunction with a national Workshop on risks in
Linkoping 20 21 November, 1998. The workshop will provide an opportunity
for experts from various fields to discuss the LandlancheRisks project.

§3

FORMER MEETINGS, MINUTES

The minutes of Telephone conference T2, 29 June 1998, were approved.
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§4

RESPONSIBL
E

STATE OF PROJECT

There are from time to time problems with the communications with the
partners, both by e-mail and by fax. Make sure that the co-ordinator has the
correct e-mail addresses, fax and telephone numbers and keep the co-ordinator
up-dated of any changes.

ALL
PARTNERS

The Consortium Agreement will be signed during the Steering Group Meeting in
Torino, 26 - 27 October. If you have any comments, send them to KAK before
Friday 9 October.
All partners

CSA needs information about when he may expect the first payment from the
project. BBN will contact CSA immediately regarding this matter.
BBN

§5

OTHER EC PROJECTS

The Literature Surveys made by the partners will be compiled and distributed by

KAK

KAK.
BBN participated in the SAME project's open door meeting in Innsbruck
arranged by HSR. The meeting was fruitful and gave important input to our own
project and final symposium.

§6

STEERING GROUP MEETING NO 2

CSA has suggested that the Steering Group Meeting (S2) should take place in
Bossolasco in the Langhe region. The public transportations to Bossolasco are
poor, CSA will therefore arrange transport by car. In order to make this work
CSA needs to know dates and times of arrivals and departures for all partners ESBIRNR,
HSR,
BSB,
before 12 October. Send also this information to BBN.
HSL
S2 will start with informal discussions about planning and organisation of the
Expert Group Meeting on Sunday 25 October. The formal part of the meeting
will begin on Monday 26 Octoberand end in the evening of Tuesday 27 October.
All partners are invited to participate both during the informal and the formal
part of the meeting. CSA and BBN will make and distribute a programme and an
invitation before 8 October
CSA,BBN
EXPERT MEETING
§7
The purpose of the Expert Meeting is to let experts discuss and draw conclusions
of our work (CSOP) and results of other EC projects.
The conclusions from the expert meeting are important for the CSOP.
The Expert Meeting will take place in Innsbruck in accordance with the earlier
plan.
All partners have sent in lists of experts, the compiled list will be distributed as
enclosure of these minutes (Encl. 1)

It is important that we have a thorough discussion about the Expert Meeting at
the S2 meeting in Torino. A draft programme will be prepared to the Torino
meeting, also budget for the meeting has to be made. HSR accepted to make
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proposals.
BBN will make a proposal of an invitation to the Expert Meeting to the Torino
meeting. The invitation has to be sent to the selected experts directly after the
Torino meeting
§8
FINAL SYMPOSIUM

BBN

The purpose of the Final Symposium is to create an opportunity for experts and
end-users to meet for discussions and exchange of experiences and needs.
It is important that we discuss the form and programme of the Final Symposium
in general terms at the S2 meeting in Torino.
BBN will contact ESB to discuss the organisation of the Symposium
§9
REGIONAL REPORTS

BBN

Compared to the time schedule, the project activities are somewhat late. So far
only HSR has delivered the regional report (a draft, not complete). The partners
who not yet have finished their reports estimated that they would need two
further weeks to complete the work. New delivery date for the regional reports is ESB, CSA,
JHN,RMH
Thursday 15 October.

§ 10

OTHER REPORTS

No further comments today concerning the Literature Reference List and the
Final Report.
§ 11
FURTHER BUSINESS
According to earlier decisions SGI should have created a Home Page on Internet
about LandlancheRisks. This has not yet been done, but it will be made in the
immediate future.
BBNIKAK

Kenneth Ahlvik
Approved by

Bo Berggren
Co-ordinator

Bjorn Sellberg
Chairman
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Steering Group Meeting No 3
Minutes
Date

3 March 1999

Venue

Institut fur Wildbach- und Lawinenk:unde, Innsbruck, Austria

Attendants Dr. Bo Berggren (Co-ordinator)

1

BBE

Swedish Geotechnical Institute, Sweden

Dr. Chiara Deangeli

CDE

Politecnico di Torino, Dipartimento di
Georisorse e Territorio, Italy

Prof. John Hutchinson

nm

Imperial College, Department of Civil
Engineering, United Kingdom

Dr. K. Rainer Massarsch

RMA

Geo Engineering AB/SGI Team

Mr. Richard Niederbrucker

RNl

Osterreichisches Forschungs- und Priifzentrum Arsenal Ges.m.b.H., Austria

Dr. Claudio Scavia

csc

Politecnico di Torino, Dipartimento di
Ingegneria Strutturale, Italy

Dr. Horst Schaffhauser

HSC

Institut fur Wildbach- und Lawinenkunde,
Austria

Dr. Bjorn Sellberg (Chairman)

BSE

Swedish Council for Building Research,
Sweden

Mr. Kenneth Ahlvik (Secretary)

ESC

Swedish Geotechnical Institute, Sweden

WELCOME, PARTICIPANTS

The Chairman opened the meeting and welcomed the attendants.
The following agenda, proposed by the Chairman, was approved.
1. Welcome, Participants
2. Compilation/conclusion - X-CALAR'99
- Wrap up discussion
- Review- Regional Reports (RR) (Time schedule, publishing, etc.)
- Experts' reports an input to RR (Times schedule)
3. Steering Group -Tasks 1999, incl. new projects, reporting
4. Meeting schedule - March 1999 to March 2000
5. Organisation Committee - S-CALAR
6. Information activities - CALAR
7. Other business
8. End of meeting

2

COMPILATION/CONCLUSION - X-CALAR'99

Wrap up discussion
SGI will produce a C-CALAR Draft until 25 March. The basis will be the notes made by Dr. Claes
Alen, Bbe and Kah. It will be sent to Partners for comments. The comments should be sent to SGI
before 10 April.
Except the notes, the draft will contain a literature list, an address list to the X-CALAR participants
and a project list.
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Hsc informed about two further possible inclusions in the report:
In the final report of the SAME project - a chapter about monitoring and warning systems
Papers from the avalanche group meeting at the Natural Disaster Conference, Grenoble, 10-14
April
Review - Regional Reports (RR)
Each partner shall revise his regional report and send a final draft to SGI before 15 May.

3

STEERING GROUP-TASKS 1999, INCL. NEW PROJECTS, REPORTING

The general report should be made up by:
The regional reports, including SAME
The expert reports
The project list
The papers available form the Natural Disaster Conference in Grenoble
The manuscript of the general report shall be ready for printing 15 September 1999 and it shall be
distributed 15 October 1999.

4

MEETING SCHEDULE- MARCH 1999 TO MARCH 2000

The Steering Group will meet on the following occasions:
Date
26May 1999
1 October 1999
7 December 1999
11 January 2000

5

Time (CET)
09.00-11.00

09.00-11.00
09.00-11.00

Place
Telephone Conference
London
Telephone Conference
Telephone Conference

ORGANISATION COMMITTEE - S-CALAR

It was decided that the organisation committee for the symposium in Vienna should consist of the
following persons:
Erich Schwab
- Richard Niederbrucker
Bo Berggren

6

INFORMATION ACTIVITIES - CALAR

By extracting the principal points of the general report, a handbook (booklet) could be produced and
by summarising the important parts and events of CALAR a project brochure could be made. DG XII
would appreciate, if two such publications were to be issued.
It was decided that SGI shall produce a CALAR Home Page.

The regional reports should upon publication be distributed to the professional and industrial
organisations active in the snow/avalanche and geotechnology fields.
A discussion group between the X-CALAR participants and other interested professionals should be
set up and announced.

7

OTHER BUSINESS

No other business.

248

Appendix.A4

8

END OF MEETING

The Chairman thanked the attendants and ended the meeting.
Kenneth Ahlvik
Secretary

Bjorn Sellberg
Steering Group Chairman
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Telephone Conference No 4
Minutes
Date

26May 1999

Venue

Telephone conference

Attendees

Dr. Bo Berggren (Project Manager)

BBE

Swedish Geotechnical Institute, Sweden

Dr. K. Rainer Massarsch

RMA

Geo Engineering AB/SGI Team

Dr. Claudio Scavia

csc

Politecnico di Torino, Dipartimento di
Ingegneria Strutturale, Italy

Dr. Horst Schaffhauser

HSC

Institut fur Wildbach- und Lawinenkunde,
Austria

Dr. Erich Schwab

ESC

Osterreichisches Forschungs- und Prilfzentrum Arsenal Ges.m.b.H., Austria

Dr. Bjorn Sellberg (Chairman), §2,
§5-10

BSE

Swedish Council for Building Research,
Sweden

Mr. Kenneth Ahlvik (Secretary)

KAH Swedish Geotechnical Institute, Sweden

WELCOME

1

As the Chairman, BSE, was not able to join the meeting from the beginning, BBE opened the meeting
and welcomed the attendees. It was decided that BBE should chair the meeting until BSE could join.

2
LINE

VERIFICATION AND INTRODUCTION OF PARTICIPANTS AROUND THE

The attending partners introduced themselves. It was decided to wait with the checking of the Minutes
from Steering Group Meeting 3, 3 March 1999, until the Chairman had joined the meeting.
Minutes - Steering Group Meeting 3
The minutes were approved with the following comments:
The dates on the head of page 2-3 are not correct and shall be changed to 1999-05-21.
§3: The dates stated for printing and distribution have been changed after this meeting.
§6: The CALAR home page will be ready before the end of June.
3

NEWS - INFORMATION AROUND

HSC informed, that he had not yet received the regional report from Switzerland. Within short, HSC is
going to visit 'Eidgenossisches Institut fur Schnee- und Lawinenforschung' (SLF) and will then
discuss this matter.
BBE informed, that Dr. Ammann and he met in Brussels and then discussed the Swiss regional report.
As a result of this discussion BBE sent a letter to Dr. Ammann inviting him and Professor Kienholz,
University of Berne, to write (using national funds) the part of the Alpine Regional Report about
Switzerland. Dr. Ammann was asked to write the contribution about snow and avalanche research and
Professor Kienholz about mass movements in soil.
HSC have further contributions to the Regional Report. A report about the catastrophic avalanche in
Galtfu will be included and Dr. Andrecs is now writing a report about the recent catastrophic events
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with mudflows. These reports will be finished in May. ESC pointed out, that Richard Niederbrucker
also is writing about mudflows for the Regional Report.
Decision: Niederbrucker contacts Dr. Andrecs to co-ordinate these two reports in order to avoid any
duplication of work.
4

REPORTING FROM X-CALAR - STATUS AND STRUCTURE

The ambition is to have completed the input from the experts to the X-CALAR report before or during
this summer. We have not received as many original papers, CVs and photos, as we hoped for and it is
not likely that we will get any more. The most important part of the X-CALAR report will be the
Regional Reports.
The Regional Report from HSC has not yet been sent to the Secretariat. Niederbrucker will make
some revisions of his report, apart form that it is finished. All other partners have delivered final
versions of the regional reports to the Secretariat.
The disposition and lay-out of the regional reports may have to be somewhat altered to give a uniform
impression of the final X-CALAR Report.
John Hutchinson has agreed to write the soil part of the General Report and RMA to write the part
about snow and avalanches.

The summary of the report is very important since most people do not read more of a report than that.
The General Report shall be distributed to the participants of the conference in Vienna. This means
that a draft of the report must be ready in October. To accomplish this, a major effort must be made by
each partner to get his contributions ready and delivered in time. For the important deadlines for
different parts of this work, see Appendix 1.
It was discussed, whether 'Muren' could be included in the X-CALAR Report.
(BSE joined the meeting and took over the chairmanship from BBE and §2 was resumed and
completed before continuing with §5)
5

VIENNA CONFERENCE - STATUS OF PREPARATION

Conference
The conference will take place 17 - 19 January 2000. The continued discussions about the CALAR
conference in Vienna has led to major changes in the original plans from the Steering Group Meeting
in Innsbruck. ESC/OFPZ Arsenal will be responsible for arranging the conference, which now will be
much bigger with up to 500 participants. CALAR and SGI will support Arsenal and take responsibility
for the Technical Programme and Documentation. RMA will act as chairman of the Organisation
Committee. The Steering Group Members will be members of the Technical Committee.
The background to this change in size of the conference is a discussion between RMA and ESC, where
they arrived on figure of 400 - 500 persons, when going through who could be interested in
participation. This size makes a change of venue necessary, since Arsenal only can hold up to 150
delegates on their premises. The new venue is 'Hofburg' (Imperial Palace) in Vienna.

In Austria, both politicians and people in general are very sensitive to questions concerning soil and
avalanche catastrophes due to the recent events, but the conference shall also have a European
dimension. To achieve that, case histories and experts from different areas of Europe have to be
included. The input from all partners is also very important to get the right European aim and direction
of the conference. In this context, it should be emphasised that the conference shall be designed for
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broad audience of professionals representing different areas of socitety: rescue services, the tourist
trade, insurance companies, local authorities etc. As a part of the CALAR project, the European
Commission will support the conference.
There will also be an Exhibition in connection to the conference.
The official language of the conference will be English, but there will be simultaneous interpretation
to German and French, possibly also to Italian, if the number ofltalian delegates will be large enough.
Bulletin 1 will be distributed in English and in German.
The Bulletin will be sent out to partners for comments. ESC need to get the comments with returning
mail. The following comment was given during the meeting:
The name of the Institute of Avalanche and Torrent Research should be completed with the
Austrian Federal Forest Research Centre
Conference Programme
Monday:
Before lunch: dignitaries
After lunch: invited speakers (adventurers) and insurance representative
Tuesday:
Case histories 1 5
Case histories 6-7 and Panel debate
Wednesday:
Post conference tour
Thursday:

The presentation of each case history will probably be divided in two parts: one with a layman
perspective telling what happened and another part, where a soil/avalanche expert explains why it
happened.
For each Case History Session, we need a well-known and esteemed person as session leader. Each
partner should suggest a number of names for this purpose.
In the concluding panel debate, it should become clear to the European Commission and to national
authorities, why it is important to support research in the fields of soil and avalanche research. Here,
the results of the CALAR project should also be presented.
CSC announced, that he would be interested in helping with the session about stiff clay and soft rock.
The conference will also be open to people outside Europe.
ThiPORTANT: All partners should find addresses in their regions to people and organisations,
who would be interested in coming to the conference and/or take part in the exhibition.
ESC will send a model list of addresses to each partner to be completed with addresses from that
partner's region.
The European Commission should also be contacted for address lists
Workshop
Before the conference, 14 - 15 January, a workshop will be arranged. BBE/SGI will take the main
responsibility for arranging the workshop. To the workshop, selected experts from X-CALAR in
Innsbruck will be invited. The main purpose is to discuss and come up with ideas for future projects.
The venue will be on Arsenal's premises.
Input to the Conference
All information and material partners have for the conference and the exhibition should be sent either
to ESC or RMA. ESC and RMA will contact each partner in this matter individually.
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6

NEW PROJECT IDEAS (VERY SHORT}

Professor Poisel, Vienna University of Technology, Institute for Engineering Geology, has proposed a
think-tank to the European Commission on numerical models. BBE will call our Scientific Officer
Denis Peter and explain that we support this think-tank.

Dr. Hubl, University of Agricultural Science, Institute of Torrent and Avalanche Control, is working
on a proposal of a project on mudflows to be submitted to the European Commission. Contact him, if
you are interested in participation (Phone: +43-1-476544352, Fax: +43-1-476544390, E-mail:
hannes@edvl.boku.ac.at)

7

CALAR • SCOPE AND REQUIRED ACTIVITIES

Consortium Agreement
SGI has received signed copies ofthe Consortium Agreement from Arsenal and Imperial College. The
partners, who have not yet sent their signed copies to SGI are asked to do so as soon as possible.
RMA has summarised the remaining tasks in the CALAR project in a document entitled 'CALAR
Concerted Action, Scope and Required Activities'. This document has been sent to all partners. With
this document as a basis, we should all agree on a work programme for the remaining part of the
project.
In a paper sent to all partners, BBE has explained responsibilities within the CALAR organisation.

8

NEXT MEETING(S}

The next steering group meeting will be arranged by John Hutchinson in Oxford at St Hilda's College.
The meeting starts on Thursday 30 September (arrival) and ends on Saturday 2 October and we leave
Oxford on Sunday 3 October. Room reservations at St Hilda's College have been made, cost approx.
GBP 32 per night. Further details will be sent later. All members are asked to inform John Hutchinson
immediately if arriving after Thursday 30 September or leaving before Sunday 3 October.
9

OTHER BUSINESS

Cost Statements
Our Financial Officer, Mrs. Peggy de Prins, informed on Friday 21 May that the Commission needs
Cost Statements fdled in and signed by each partner and his organisation's financial officer. KAH
will fill in such forms for each partner with the figures sent earlier this year to SGI and send the forms
by e-mail to the partners (fax to John Hutchinson). Partners are asked to sign the form and send it by
fax to KAH before Friday 28 May and to send a signed original to KAH by air/surface mail at the
same time. The originals shall be sent on to the Commission by KAH. The Commission's time limit is
Friday 4 June.
10

CLOSING OF THE MEETING

The Chairman thanked the attendees for their participation and ended the meeting.

Bjorn Sellberg
Steering Group Chairman

Kenneth Ahlvik
Secretary
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Steering Group Meeting No 4
Minutes
Date

1 to 2 October 1999

Venue

St Hilda' s College, Oxford, UK

Attendants Dr. Bo Berggren (Project

BBE

J&W, Sweden

Dr. Chiara Deangeli

CDE

Politecnico di Torino, Dipartimento di
Georisorse e Territorio, Italy

Prof. John Hutchinson

JHU

Imperial College, Department of Civil
Engineering, United Kingdom

Dr. K. Rainer Massarsch

RMA

Geo Engineering AB/SGI Team

Dr. Claudio Scavia

csc

Politecnico di Torino, Dipartimento di
Ingegneria Strutturale, Italy

Dr. Lambert Rammer

LRA

Institut fur Wildbach- und Lawinenkunde,
Austria

Dr. Bjorn Sellberg (Chairman)

BSE

Swedish Council for Building Research,
Sweden

Ms Christina Berglund
(Secretary)

CBE

Swedish Geotechnical Institute, Sweden

Manager)

1

WELCOME, PARTICIPANTS

As the Chairman, BSE, opened the meeting and welcomed the attendees. CBE and JHU presented
practical details.

2

VERIFICATION OF THE PARTICIPANTS

The attending partners introduced themselves and the belonging to the CALAR Steering Group.

3

REVIEW AND ADOPTION OF THE AGENDA

It was decided that §5 should be moved to § 11.

4
REVIEW AND ADOPTION OF THE MINUTES FROM STEERING GROUP
TELEPHONE CONFERENCE NOT4, MAY 26, 1999
The minutes were approved with the following comments:

nru apologies that he was unable to attend the telephone conference. He was lecturing in
Italy by the time.
5. THE CALAR CONTRACT. REVIEW AND UPDATE. APPLICATION FOR EXTENSION.
The CALAR contract was signed 3/12/1997 and the project should therefore end 24 months from
1/1/1998, according to the contract. However, the project was delayed in the beginning
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and it did not actually started before 1/3/1998. Discussions were held with our former scientific officer

Mr Dennis Peter at the X-CALAR meeting in Innsbruck. He then explained that we should write an
application for extension in the autumn (1999). Mr Dennis Peter has since then been replaced by Ms
Maria Yeroyanni and she says that we must provide DG XII with detailed scientific/technical
justification for the prolongation of the project. Mr Peter pointed out that it is important to show that it
is just an extension of time and not money. BSE proposed that we enclose an actual progress report of
the CALAR work (dated autumn 1999) together with the application for extension.
RMA pointed out that it is important to find out what "end of project" means with
Ms Yeroyanni. Does it mean that the report has to be printed by then or just finished for printing? JHU
and ESC meant that you always have a problem with time, no matter which end date you choose.
All partners except Bundesministerium fur Land- und Fortwirtschaft, BMLF, have signed the
Consortium Agreement. BBE is very concerned that this has not been done, since SGI has been asking
for their signature for over a year. Mr Hubert Siegel has the papers and he must sign them
immediately. LRA promised to talk to Dr Horst Schaffhauser so that he could clear up this problem as
soon as possible.
Decision: An application for extension until 30th September 2000 including a progress report
dated autumn 1999will be sent to Ms Y eroyanni at DGXII, by SGI.
LRA will talk to Dr Horst Schaffhauser about the signature from Mr Hubert Siegel on the
CALAR Consortium Agreement.

6. REPORT FROM THE WORK ON COMPILING THE X-CALAR'99
BBE reported from the work of compiling the X-CALAR report and showed the dummy that he has
made so far. The missing parts are the Swiss regional report, summary/synthesis by JHU and Mr Jan
Otto Larsen and modified reports by ESC and Dr Schaffhauser.
According to Ms Yeroyanni the X-CALAR can not be printed before 8-9 month after it has been sent
in to the European Commission. SGI has asked for detailed information about the layout of the report
for a long timed, but has not received an answer from DG XII.
Discussions will be held between JHU, BBE and RMA about the layout of the different regional
reports.
RMA suggested that a synthesis of the discussions should be written. The idea of the project was to
find synergy effects between avalanche and landslide research topic. At present, few common areas
have been identified. However, future co-operation and exchange of information would be beneficial.
The results of the X-CALAR discussions shall be used as a platform for proposals for new projects
and ideas. BBE said that conclusions and ideas for new projects will be in the final report to the EC.
Discussions were held whether or not the 8 original papers should be published in the
X-CALAR report. Since the authors were told that the papers would be published in the X-CALAR
report we can not exclude them. Also the meaning with X-CALAR was to discuss state-of-the art and
then the papers must be a part of the report. BSE said that contacts could be made with the authors to
ask them if they want to revise their papers in order to include them in the Conference proceeding.
Ms Y eroyanni will be invited to write a preface to the X-CALAR report. A draft will be submitted for
her consideration.
Since it will take such a long time for the EC to print the report a draft of the X-CALAR report will be
handed out at the Vienna Conference. 1000 copies must be printed. JHU will make the final check
before the report is printed.
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BMLF must send their material to the X-CALAR report no later than October 14 to SGI, so that the
material can be send to Jan-Otto Larsen at NGI.
RMA suggested that the regional reports would be more homogenous if landslides and avalanches are
presented together by region instead of by technical area. JHU proposed that the following regions
should be used, Northern, Western, Central and Southern Europe, and that it must be explained in the
introduction how the regions have been divided.
RMA asked about the status of the report on research projects, which is being prepared by SGI.
Decision: Final decision on the contents of the X-CALAR report:
# 1CALAR- short information about the CALAR-project
Regional reports
Synthesis
Appendix
-Papers
-List of projects (abstracts, list of national and EC-projects etc)
# 2 Details from X-CALAR

-Participants
-Program
-Biography
-Notes etc
In the preface the papers should be mentioned.
Part 1 will be handed out at the Vienna Conference.
BBE, JHU and RMA will discuss and decide the layout of the regional reports.
BBE makes a draft of conclusions and synergy effects and distributes it to the steering
group.

7. REPORT ON THE PREPARATION WORK FOR THE VIENNA CONFERENCE
"LIVING WITH NATURAL HAZARDS", INCL. STATUS OF TECHNICAL TOURS.
ESC and RMA presented the program for the Vienna Conference. Bulletin 2 is ready for print and will
be sent out to the different partners in the CALAR-project. The partners are responsible for the
distribution in their region. It is important that Bulletin 2 is distributed more effectively than Bulletin
1.
ESC presented some practical information about the sessions. It is the job of the session leaders to
bring the contributions to the session together. CSC and CDE must influence the program for session 5
about Debris Flows. Before November 15 abstracts should be sent in. The author can decide if he
wants to submit a paper. Papers must be submitted by March 3. There will also be poster presentations
at the conference.
RMA explained that there has been a change in session 4. BBE pointed out that it is important that not
only the technical point of view is shown but also insurance issues and other matters.
The workshop at the Conference will not be a technical workshop. It will include four parallel
sessions; EU, Insurance, Developing countries and Land-use-planning. The workshop will be well
prepared since the declaration from the workshop must be printed during the night. BBE meant that it
is not a workshop if it is so well prepared. All four workshop sessions will agree on a declaration. JHU
was concerned about having such a small group of people deciding about a declaration from the
Conference.
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The task that ESC and RMA want to give the CALAR Steering Group is to promote the Conference.
Also to find addresses for insurance companies, banks, authority, geological- and hydrogeological
societies etc. to whom Bulletin 2 can be sent. It would be good if a personal letter could be enclosed
with the Bulletin. It is important that a list of which we are sending Bulletin 2 to is made.
Links could be made to the Arsenal/Conference homepage. It is important to advertise the Conference
in the different newsletters from the national geotechnical societies.
There will be an Exhibition in connection to the conference. It is important that organisations such as
SGI and NGI participate in the exhibition.
Decision: The declaration from the project should be "the Vienna Declaration".

8. REPORT ON PREPARATION
CONFERENCE

WORK OF

THE

WORKSHOP

BEFORE

THE

The main goal with the Workshop is to outline future research needs. Although we have not found
synergy effects between landslides and avalanches, it does not mean that there are no links between
the two areas.
Decision: It was decided to cancel the workshop, W-CALAR, since the workshop on the
Conference is similar and it would be too much with two workshops.

9

OVERVIEW OF THE REPORTING TO THE EUROPEAN COMMISSION AND
DETAILED PLAN FOR THE AUTUMN WORK

The most important work is to contact Ms Yeroyanni at DG XII and send in an application for
extension of the project. Also the work with the Vienna conference must be carried on as well as the
compiling of the X-CALAR report. The annual report to the European Commission must also be
prepared as well as the final report to the EC. The report from the X-CALAR meeting and the
Conference proceedings from Vienna are the base for the final report. The report must also include
steering group meetings, new ideas and projects and conclusions from the CALAR work.
BSE and RMA pointed out that it is important to enclose an update of the technical report as an
appendix, with the application for extension.

10

OTHER PROJECT IDEAS

New project ideas were discussed during a brainstorming session during the end of the meeting, in
order to come up with new project titles, problems and investigate needs for future R & D. BSE
mentioned that it is important to find questions that should be further investigated. It should include
both European projects as well as national projects.
The list of new project ideas is enclosed separately. The list will be discussed on the next meeting and
the priority of the projects will be decided. After that the list will be sent to the X-CALAR participants
for their point of views. Further discussions will then be held at our December meeting.

11

OTHER BUSINESS. NEWS. INFORMATION AROUND THE TABLE

There has been a change of staff in the Swedish CALAR project group. Kenneth Ahlvik will leave
SGI for a position as a Librarian at the Swedish Association of Local Authorities. B SE thanked
Kenneth from the CALAR Steering Group, for his wonderful job in the project.
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BSE welcomed Christina Berglund as new project secretary. CBE works as a research and consulting
engineer at the department of Geotechnical Design and Safety at SGI:
JHU will send the bill for the meeting at St Hilda' s straight to SGI.

12

NEXT STEERING GROUP MEETING

The next steering group meeting will be a telephone conference on the 22nd October at 14.00 CET. SGI
will arrange it. The telephone meeting on 7th December was cancelled. Instead a new date was set to
the 14th December at 14.00 CET.

13

END OF MEETING

The Chairman thanked JHU for the excellent arrangements of the meeting. He also thanked the
attendees for their participation and valuable contributions to the discussion. He thereafter ended the
meeting.

Christina Berglund
Secretary

Bjorn Sellberg
Steering Group Chairman
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Telephone Conference No 5
Minutes
Date

22 October 1999

Venue

Telephone conference

Attendees

Dr. Bo Berggren (Project Manager)

BBE

Swedish Geotechnical Institute, Sweden

Dr. K. Rainer Massarsch

RMA

Geo Engineering AB/SGI Team

Dr. Chiara Deangeli

CDE

Politecnico di Torino, Dipartimento di
Ingegneria Strutturale, Italy

Dr. Lambert Rammer

LRA

Institut fur Wildbach- und Lawinenkunde,
Austria

Dr. Erich Schwab

ESC

Osterreichisches Forschungs- und Priif
zentrum Arsenal Ges.m.b.H., Austria

Dr. Bjorn Sellberg (Chairman)

BSE

Swedish Council for Building Research,
Sweden

Ms. Christina Berglund (Secretary)

CBE

Swedish Geotechnical Institute, Sweden

1

WELCOME. VERIFICATION OF PARTICIPANTS

As the Chairman, BSE, welcomed the participants. The attending partners introduced themselves and
their belonging to the Steering Group.
Minutes - Steering Group Meeting 4
Minutes from Steering Group Meeting No 4 are missing on the agenda. BBE suggested that comments
on the minutes should be sent to CBE no later than October 29.

RMA warned everyone for the virus "Bloodhound" that he had found on two files. Everyone should
check his or her computers for this virus.
2

THE CALAR CONTRACT. SIGNING, EXTENSION. CONTROL OF ACTIONS.

BBE has sent an Application for Extension to EC, DG XII, Ms Maria Yeroyanni.
Mr Hubert Siegel has now signed the Consortium Agreement. ESC has sent the signed agreements
both from Arsenal and BMLF to SGI.
3

VIENNA CONFERENCE. REPORT ON PREPARATION WORK.

ESC informed the group that the printing of Bulletin 2 is now in progress. The printing has been
somewhat delayed, since the foreword of the Bulletin had to be changed. The Bulletin will be sent
direct from the printer to the Session members, SGI and the CALAR Steering Group. Hopefully we
will receive it by the end of next week and can start distributing the Bulletin on the first days of
November. The printed foreword from the Geneva Association has to be included with the Bulletin.

nm wondered if an official statement about the conference should be sent to journals. ESC has sent
this to the German speaking journals. JHU will send names and addresses of English Journals so that
ESC can send an official statement to them. It is important that information about the conference also
is published in Swedish papers and journals.
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On the 2 November RMA and ECS will nieet Mr Bengt Rydell at SGI to discuss the Workshop
session Risk mapping and Land use. RMA pointed out that the Workshop session about the EC
perspective should be arranged by the CALAR-group. BBE and CBE will arrange the Workshop with
help from the rest of the CALAR-group. Contacts with EC will be made early.

4

X-CALAR REPORT. STATUS REPORT.

BBE has sent out a Summary and Conclusions to the CALAR-group. All the Regional Reports are
finished except the revised report from ESC. CBE will send the Regional Reports to JHU and Mr Jan
Otto Larsen at NTNU for summary and synthesis. There will be a draft of the X-CALAR Report to the
Vienna Conference.

5

NEW PROJECTS IDEAS. REVIEW OF LIST.

BBE suggested that everyone write down priorities of the list. Comments and priority list should be
sent to CBE no later than October 29.
According to ESC there is a second call for EC 5 th Frame program now. The deadline is February 15
2000. Austria is interested in a project regarding Slow Mass movements and this could be a project
that is recommended by the CALAR group.

6

OTHER BUSINESS

Economic business oflodging and reimbursement was discussed and solved. SGI will be the cashier.

7

NEXT MEETING

The next steering group meeting will be a telephone conference on the 14th December at 14.00 CET.
BSE brought up the question ifwe should have a face-to-face meeting in Vienna. It was decided that
everyone should think about a meeting date in Vienna before or after the conference and that we will
decide this at the next telephone meeting.

8

END OF MEETING

The Chairman thanked everyone for their participation and wished everyone a nice weekend. He
thereafter ended the meeting.
Bjorn Sellberg
Christina Berglund
Steering Group Chairman
Secretary
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Telephone Conference No 6
Minutes
Date

14 December 1999

Venue

Telephone conference

Attendees

Dr. Bo Berggren (Project Manager)

BBE

Swedish Geotechnical Institute, Sweden

Dr. Erich Schwab

ESC

Osterreichisches Forschungs- und Priifzentrum Arsenal Ges.m.b.H., Austria

Dr. Bjorn Sellberg (Chairman)

BSE

Swedish Council for Building Research,
Sweden

Prof. John Hutchinson

JHU

Imperial College, Department of Civil
Engineering, United Kingdom

Ms. Christina Berglund (Secretary)

CBE

Swedish Geotechnical Institute, Sweden

Dr. Horst Schaffhauser

HSC

Institut :fur Wildbach- und Lawinenkunde,
Austria

Dr. Claudio Scavia

csc

Politecnico di Torino, Dipartimento di
Ingegneria Strutturale, Italy

Dr. K. Rainer Massarsch

RMA

Geo Engineering AB/SGI Team

Absent

1

WELCOME. VERIFICATION OF PARTICIPANTS

As the Chairman, BSE, welcomed the participants. The attending partners introduced themselves and
their belonging to the Steering Group. RMA has previously announced his absence from the meeting,
since he has previous engagements in India during December.

2

THE CALAR CONTRACT. EXTENSION.

BBE has sent an Application for Extension to EC, DG XII, Ms Maria Y eroyanni. SGI has thereafter
been asked to send some additional information, such as Annual report and Cost Statements, before
Ms Y eroyanni will make a decision.

3. VIENNA CONFERENCE. REPORT ON PREPARATION WORK.
ESC informed the Steering Group about the preparations of the conference. The final program is being
prepared. Some minor changes in the program have been done, regarding people involved in the
different sessions, but overall the program is finished.
Unfortunately, there are not many registrations so far, only about 150 have registered, including
persons giving presentations or involved in the different sessions. There are no registrations from Italy
or France. No Bulletins have been distributed from Innsbruck, which is very disappointing. The
minimum number of participants is 300 people. If fewer people are registered on Friday there is a
chance that the conference will not take place. There are mostly technicians but not many end-users
coming to the conference,.
It is important that everyone makes an effort in trying to persuade people to come to the conference.
More information can be found on the Arsenal homepage or on the SGI homepage. The conference is
announced in the Council's Magazine, November/December issue.
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ECS will send a list to CBE and BBE with the Swedish names that are registered.
4. X-CALAR REPORT. STATUS REPORT.

BBE gave a status report of the X-CALAR report. All the material is finished except the synthesis of
the summary reports of landslides and avalanches. The draft printing will be done after Christmas and
it will ready for the conference.
5. WORKSHOP

Ms Christel Rose will lead the Developing countries workshop from IDNDR. She will need some
help, preferably from SIDA.
Prof. F. Wenzel will present the conclusions from the different workshop in the "Vienna declaration".
Since Mr Anwer Ghazi and Ms Maria Yeroyanni will not participate in the Workshop there will be
more time for discussions, which is good. BBE pointed out that it is important that more people are
active in the panel.
6. TASK FOR THE CALAR STEERING GROUP AT THE VIENNA CONFERENCE

BBE pointed out that it is important that the CALAR Steering Group covers the Workshop "EU
perspective".
BSE will do the presentation of "Future needs-EU perspective" on session 8, since neither
Ms Maria Yeroyanni nor Mr Anwer Ghazi will participate in the workshop.
7. OTHER BUSINESS

A Press Conference in connection with the conference will take place on Monday 17 January. ECH
pointed out the importance of technical experts participating, so that they can answer technical
questions. He also asked for photos oflandslides and avalanches to put into the material that the
journalists would receive.
8

NEXT MEETING

The next Steering Group meeting will be a telephone conference on the 11 th January at 14.00 CET.
9

END OF MEETING

The Chairman thanked everyone for their participation and ended the meeting.
Bjorn Sellberg
Christina Berglund
Steering Group Chairman
Secretary
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Telephone Conference No 7
Minutes
Date

11 January 2000

Venue

Telephone conference

Attendees

Dr. Bo Berggren (Project Manager)

BBE

Swedish Geotechnical Institute, Sweden

Dr. Erich Schwab

ESC

Osterreichisches Forschungs- und Priifzentrum Arsenal Ges.m.b.H., Austria

Dr. Bjorn Sellberg (Chairman)

BSE

Swedish Council for Building Research,
Sweden

Prof. John Hutchinson

JHU

Imperial College, Department of Civil
Engineering, United Kingdom

Dr. K. Rainer Massarsch

RMA

Geo Engineering AB/SGI Team

Dr. Claudio Scavia §4-§9

csc

Politecnico di Torino, Dipartimento di
Ingegneria Strutturale, Italy

Ms. Christina Berglund (Secretary)

CBE

Swedish Geotechnical Institute, Sweden

Dr. Horst Schaffhauser

HSC

Institut fur Wildbach- und Lawinenkunde,
Austria

Absent

1

WELCOME.

As the Chairman, BSE, welcomed the participants.

2

VERIFICATION OF PARTICIPANTS

The attending partners introduced themselves and their belonging to the Steering Group.

3

MINUTES OF THE 6TH CONFERENCE CALL. REVIEW AND APPROVAL.

BSE went through the minutes from Conference Call No 6 and we noted that the Commission has not
yet approved the application of extension of the CALAR-project. The minutes were adopted.

4

PREPARATIONS OF THE CONFERENCE

ESC presented the final preparations for the conference. Now there are about 350 participants to the
conference and almost 400 the first day. All the documents for the conference are in print. A press
conference will be held on Monday 17 January at 12.30. CBE and BBE will bring the draft X-CALAR
report to Vienna to be handed to the participants at the conference.

5

STEERING GROUP MEETING IN CONJUNCTION WITH THE CONFERENCE

We will try to have a short Steering group meeting in conjunction with the conference. If possible a
meeting early on Thursday morning. BSE will leave on Wednesday evening. Time and place of the
meeting will be decided in Vienna.
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6

FOLLOW-UP OF THE CONFERENCE. TASKS FOR THE STEERING GROUP.

BSE pointed out that it is important to follow up the conference. The ideas, thoughts and conclusions
of the conference must be part of the final CALAR report. This is an important task for the Steering
group. BBE suggested that the Steering group meet continuously during the conference days. This will
be co-ordinated during Saturday and Sunday before the conference.

7

OTHER BUSINESS

No other business.

8

NEXT MEETING(S)

Next telephone meeting will be held after the conference on Monday 31 January at
15.00 CET.

9

END OF MEETING

The Chairman thanked everyone for their participation and ended the meeting.

Christina Berglund
Secretary

Bjorn Sellberg
Steering Group Chairman

264

AppendixA4

Telephone Conference No 8
Minutes
Date

31 January 2000

Venue

Telephone conference

Attendees

Dr. Bo Berggren (Project Manager)

BBE

Swedish Geotechnical Institute, Sweden

Dr. Bjorn Sellberg (Chairman)

BSE

Swedish Council for Building Research,
Sweden

Prof. John Hutchinson

JHU

Imperial College, Department of Civil
Engineering, United Kingdom

Dr. K. Rainer Massarsch

RMA Geo Engineering AB/SGI Team

Dr Chiara Deangeli

CDE

Politecnico di Torino, Dipartimento di
Ingegneria Strutturale, Italy

Ms. Christina Berglund (Secretary)

CBE

Swedish Geotechnical Institute, Sweden

Dr. Erich Schwab

ESC

Osterreichisches Forschungs- und Priif
zentrum Arsenal Ges.m.b.H., Austria

Dr Claudio Scavia

csc

Politecnico di Torino, Dipartimento di
Ingegneria Strutturale, Italy

Dr. Horst Schaffhauser

RSC

Institut fiir Wildbach- und Lawinenkunde,
Austria

Absent

1

WELCOME.

As the Chairman, BSE, welcomed the participants.

2

VERIFICATION OF PARTICIPANTS

The attending partners introduced themselves and their belonging to the Steering Group.

3

MINUTES OF THE

7TH

CONFERENCE CALL REVIEW AND APPROVAL.

The minutes were adopted. The Commission has now approved our application for extension and the
finishing date of the project will be 30th June, 2000.

4. WRAP UP OF THE VIENNA CONFERENCE
BSE sent on behalf of the CALAR Steering group, a thank you to Arsenal and the Technical
Committee for their work with the conference.
A discussion was held regarding the final proceedings of the conference. JHU thought that our own
papers, the abstracts and the papers coming along, together with the notes from the working groups
and the Vienna.Declaration, could be the substance for the final CALAR report. BBE pointed out that
as main organiser of the conference Arsenal Research has the main responsibility of the conference
proceedings. After that comes SGI. A regulating contract may change the responsibility order.
Whether or not it is going to be an own proceeding or a CALAR report, is depending on who is going
to edit the proceedings. RMA asked what CALAR had to do, to fulfil the EC-agreement? The Vienna
Declaration and the written documentation from the working groups must be part of the CALAR
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project. BBE meant that since we do not know how many paper contributions we will receive by the
15 March it is not possible to decide yet what to do with the papers. JHU pointed out that it is possible
that the conference proceedings will be lost, if it is not published in a series, for example the SGI
report series.
One possibility is to make a CALAR report that includes both the X-CALAR proceedings an also
selected material from the Vienna conference.

Information that have been added after the meeting:
According to Mr Bengt Rydell there is a written agreement between SGI and Arsenal Resarch, that
SGI will be responsible for the conference proceedings. However, it is only valid if both parties
involved are fulfilling their part of the agreement. On February 1, CBE received an e-mail from Mr
Richard Niederbrucker, Arsenal, saying that Arsenal would be responsible for the conference
proceedings.
JHU will check the language in the Vienna Declaration. Any comments on the declaration must be
sent to arsenal January 31 by the latest.

5. THE CONTINUATION OF THE CALAR WORK
The project has got an extension of the project time until June 30, 2000. By then final report and the
X-CALAR report must be finished. The work with the X-CALAR report is progressing and involves
BBE, CBE and administrative staff. BBE and CBE will mainly do the work with the final report.
Regarding networks/new projects BBE told that in the X-CALAR report there are a lot of addresses
but also pointed out that it is not easy to form networks. We have a lot of data after this project that
can form the bases for new networks. JHU said that a continuation is very much depending on SGI
and other organisations who can finance new projects. He also said that new projects can and should
involve new partners.

6. OTHER BUSINESS
JHU had some questions about the payments. CBE will send a statement to all the partners, with all
the different payments during the project time.
BBE said that he was very satisfied with the result of the conference and also said that RMA had a
great part in the success of the conference. He thanked RMA for all his work with the conference.

7. NEXT MEETING(S)
Next telephone meeting will be held on Tuesday 28 March at 15.00 CET.

8. END OF MEETING
The Chairman thanked everyone for their participation and ended the meeting.

Christina Berglund
Secretary

Bjorn Sellberg
Steering Group Chairman
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Telephone Conference No 9
Minutes
Date

28March2000

Venue

Telephone conference

Attendees

Dr. Bo Berggren (Project Manager)

BBE

Swedish Geotechnical Institute, Sweden

Dr. Bjorn Sellberg (Chairman)

BSE

Swedish Council for Building Research,
Sweden

Prof. John Hutchinson

JHU

Imperial College, Department of Civil
Engineering, United Kingdom

Dr. K. Rainer Massarsch

RMA

Geo Engineering AB/SGI Team

Ms. Christina Berglund (Secretary)

CBE

Swedish Geotechnical Institute, Sweden

Dr. Erich Schwab

ESC

Osterreichisches Forschungs- und Priifzentrum Arsenal Ges.m.b.H., Austria

Dr Claudio Scavia (from 10.30)

CSC

Politecnico di Torino, Dipartimento di
Ingegneria Strutturale, Italy

Dr. Lambert Rammer

LRA

Institut fur Wildbach- und Lawinenkunde,
Austria

1. WELCOME.
As the Chairman, BSE, welcomed the participants.

2. VERIFICATION OF PARTICIPANTS
The attending partners introduced themselves and their belonging to the Steering Group.

3. MINUTES OF THE

8TH

CONFERENCE CALL. REVIEW AND APPROVAL.

The minutes were adopted.

4. THE VIENNA CONFERENCE
ESC could not say much about the work after the conference, since he has not been in his office for a
month. He will ask Richard Niederbrucker to send CBE information about how many written
contributions they have received.
Regarding future European projects and new networks, BBE have not heard anything. JHU pointed
out that it is important to find scopes for future R&D needs in the EC and to identify the gaps in
research. Then it is important to find institutes that would be interested in starting a project group.
BBE and RMA said that it is important that we write ideas down and outline them and then see if
anybody is interested in participating in a new project. EC gives more to research projects than
development projects.
It was decided that new project ideas should be written down and sent to CBE no later than May 2
2000.

Information that have been added after the meeting:
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Telephone Conference No 10
Minutes
Date

11 April 2000

Venue

Telephone conference

Attendees

Dr. Bo Berggren (Project Manager)

BBE

Swedish Geotechnical Institute, Sweden

Dr. Bjorn Sellberg (Chairman)

BSE

Swedish Council for Building Research,
Sweden

Prof. John Hutchinson

JHU

Imperial College, Department of Civil
Engineering, United Kingdom

Ms. Christina Berglund (Secretary)

CBE

Swedish Geotechnical Institute, Sweden

Dr. Erich Schwab

ESC

Osterreichisches Forschungs- und Priif
zentrum Arsenal Ges.m.b.H., Austria

Dr. Lambert Rammer

LRA

Institut fur Wildbach- und Lawinenkunde,
Austria

1. WELCOME.
As the Chairman, BSE, welcomed the participants.

2. VERIFICATION OF PARTICIPANTS
The attending partners introduced themselves and their belonging to the Steering Group.

3. MINUTES OF THE

9TH

CONFERENCE CALL. REVIEW AND APPROVAL.

The minutes were adopted.

4. STATUS OF CONFERENCE PROCEEDING
26 papers have been sent in to the conference secretariat. ESC said that they are expecting to receive
about 30-35 papers.

5. CALAR FINAL REPORT
A draft version of structure and synopsis of the final CALAR Report has been sent to everyone. BSE
went through the draft and explained the different parts of it. JHU thought that the report is a bit
confusing, since it is mixing both scientific content and more administrative content, of interest only
for the EC. BSE said that the intention was to cover the entire volume of work that has come out of the
CALAR-project. JHU pointed out that after section 1.4 there should be a part with synergy effects,
since this was a scope ofthe project. He also pointed out that the Vienna Declaration should have a
more prominent position in the report.
ESC had some objections to the Appendices. Contracts etc are only of interest for the EC. BSE
explained that this is a way to show what we have produced in the project. BBE thought that
appendices Al and A2 could go to appendix A6 instead. This appendix can be added to EC but not
printed. Appendices A3, A4 and A5 are the only ones of interest for technicians.
ESC thought that the structure of the report was good and that the report also should be published on
the Internet. Also the technical parts should be better described. BSE said that the draft will be sent as

269

Appendix.A4

On Wednesday 5 April, Arsenal had received 25 papers of a total of 46 papers. About half of the
expected papers from each session has been submitted, except for session 5 were only one paper have
been submitted and for session 3 were all the papers have been submitted.

5. THE CONTINUATION OF THE CALAR WORK
A preliminary list of contents has been faxed to all the partners from CBE. BBE said that work with
the final report is going on and a draft of the final report will be sent to all the partners in the
beginning of May, for comments. Some parts are missing in the reports, for example the reports from
the Workgroup leaders. The reports will be sent to EC in the end of June.
ESC said that it is unnecessary to duplicate the material. The workgroup reports and the reports from
the Session leaders will be a part of the conference proceeding. BBE said that those parts from the
conference are important for the final report and are needed for the final conclusions from the
CALAR-project. The Vienna Declaration and conclusions from the session reports and the working
groups should be part of the CALAR project
Everyone should send comments and ideas on the preliminary table of contents to CBE no later than
April 7, 2000.
A discussion was held regarding the final proceedings of the conference. ESC explained that after they
have collected all the papers they had the intention to send them to SGI for editing and printing. RMA
thought that EC then would think that the conference proceeding is a part of the CALAR-project and
then CALAR is responsible for it. BBE pointed out that as main orga.--iiser of the conference Arsenal
Research has the main responsibility of the conference proceedings. One option is to print the
proceeding as an Arsenal proceeding with the Arsenal logo. IlID expressed his concern about the
conference proceeding. Perhaps not many papers will be sent in since they will not be reviewed. Also
it is important that the different publications are edited to the same layout.
BSE said that a lot of important questions had been raised during the meeting. BSE suggested that a
discussion regarding the conference proceeding and the final CALAR report should be discussed in a
later Telephone meeting, on April 11.

6. ECONOMIC SITUATION
BBE and CBE have received comments on the letter with the economic report for the each partner,
from Arsenal, nru and BMLF: They will respond and clarify, from Arsenal, nru and BMLF: They
will respond to the comment and clarify the parts that are not clear.

7. OTHER BUSINESS
No other business was discussed.

8. NEXT MEETING(S)
Next telephone meeting will be held on Thuesday 11 April at 10.00 CET.
There will also be telephone meetings on Monday 22 May at 10.00 CET and Thursday 15 June at
15.00 CET.

9. END OF MEETING
The Chairman thanked everyone for their participation and ended the meeting.
Bjorn Sellberg
Steering Group Chairman

Christina Berglund
Secretary
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an appendix to the minutes, so that everyone can send their immediate comments to CBE. ESC
requested some text under the different headlines. Then it is much easier to see what each chapter will
contain.
BSE thanked everyone for the fruitful comments and decided to adopt them into a new version (April
11) of the Structure and distribute it as an attachment to Tl O minutes, for immediate reaction from the
par1ners.
The time schedule for the spring work was approved.
May8
May 18
May22
June 7-9
June 15
June 15
June 22

First draft will be sent to the partners
Final day to send in comments on the first draft.
Telephone conference No Tl 1
Final draft will be sent to the partners.
12.00 CET is the final time to send in comments on the final draft.
Telephone conference No Tl2.
The Final CALAR Report will be sent to EC.

ESC are gone from the office between 25 April and 21 May, but will send his e-mail address to CBE
and also ask Richard Niederbrucker to keep ESC informed about the developments of the project.
Richard Niederbrucker should also act - during this time - as a contact part between the CALAR
secretariat and Arsenal, with respect to incoming papers (Vienna Conference).

6. OTHER BUSINESS
No other business was tabled.

7. NEXT MEETING{S)
Confirmation of the next telephone meetings: Monday 22 May at 10.00 CET and Thursday 15 June at
15.00 CET.

8. END OF MEETING
The Chairman thanked everyone for their participation and ended the meeting.
Bjorn Sellberg
Steering Group Chairman

Christina Berglund
Secretary
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Telephone Conference No 11
Minutes
Date

22May2000

Venue

Telephone conference

Attendees

Dr. Bo Berggren (Project Manager)

BBE

Swedish Geotechnical Institute, Sweden

Dr. Bjorn Sellberg (Chairman)

BSE

Swedish Council for Building Research,
Sweden

Prof. John Hutchinson

mu

Imperial College, Department of Civil
Engineering, United Kingdom

Ms. Christina Berglund (Secretary)

CBE

Swedish Geotechnical Institute, Sweden

Mr. Richard Niederbrucker

RNI

Osterreichisches Forschungs- und Priif
zentrum Arsenal Ges.m.b.H., Austria

Dr. K. Rainer Massarsch

RMA

Geo Engineering AB/SGI Team

Dr Claudio Scavia (from 10.15)

CSC

Politecnico di Torino, Dipartimento di
Ingegneria Strutturale, Italy

Dr. Lambert Rammer

LRA

Institut fur Wildbach- und Lawinenkunde,
Austria

1. WELCOME.
As the Chairman, BSE, welcomed the participants.

2. VERIFICATION OF PARTICIPANTS
The attending partners introduced themselves and their belonging to the Steering Group.

3. MINUTES OF THE 10TH CONFERENCE CALL. REVIEW AND APPROVAL.
The minutes were adopted.

4. CALAR FINAL REPORT
BSE thanked JHU, RMA and RNI for their comments on the first draft and the effort that everyone
has made. BBE and CBE have gone through the comments and will deal with them. BBE said that at
first, the views from JHU will be adopted, then the views from RMA and RNI. There have both been
comments on the content and the development of some parts as well as linguistic comments. In the
foreword there will be some instructions for the reader on how to go through the report. Also the
Vienna Declaration will have a more prominent place in the report. Some parts of the report will be
shortened.
RNI thought that some parts of the report is a bit confusing. Some parts are described very limited, for
example the part on land-use planning. This is very important in Austria and perhaps the Austrians can
describe this part a bit better.

mu thought that the executive summary is far to long and needs shortening. The main conclusions
should be in chapter 3 instead and not in the executive summary. Chapter 3 needs stiffening up and
should be written with more enthusiasm than now. The synergy effects should be mentioned in chapter
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2.4. JHU thought that it sometimes was difficult to know whether we were talking about landslides or
avalanches or both.
BSE agreed with JHU regarding the length of the executive summary and said that it should not
exceed 1-2 pages.
RMA agreed with the views from BSE and JHU. The part of the conference should be described better
and more conclusions from the conference should be included.
CSC will send his comments on the first draft during the next few days.
The final draft will be sent out between 6-8 June.

5. OTHER BUSINESS
RNI wanted to know how proceeding from the Vienna Conference would be taken care of. By now 32
papers have been sent to Arsenal and RNI think that the total sum will be about 35 papers. BBE said
that the first step is to fulfil the CALAR report and after that the proceedings will be taken care of.
One solution is to print the papers in the SGI Varia series. JHU pointed out that this was fairly good
new. RMA thought that it would be better if the papers were published in the SGI Report series. A
SGI Report will give the papers a higher status. Perhaps it is possible to receive some additional
funding from the EC for further editing of the proceeding. RNI will investigate this.

6. NEXT MEETING(S)
The next telephone meeting will be held on 15 June at 15.00 CET.

7. END OF MEETING
The Chairman thanked everyone for their participation and ended the meeting.
Christina Berglund
Secretary

Bjorn Sellberg
Steering Group Chairman
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Telephone Conference No 12
Minutes
Date

15 June2000

Venue

Telephone conference

Attendees

Dr. Bjorn Sellberg (Chairman)

BSE

Swedish Council for Building Research,
Sweden

Prof. John Hutchinson

JHU

Imperial College, Department of Civil
Engineering, United Kingdom

Ms. Christina Berglund (Secretary)

CBE

Swedish Geotechnical Institute, Sweden

Mr. Richard Niederbrucker

RN1

Osterreichisches Forschungs- und Prtif
zentrum Arsenal Ges.m.b.H., Austria

Dr. Lambert Rammer

LRA

Institut fur Wildbach- und Lawinenkunde,
Austria

Dr. K. Rainer Massarsch

RMA

Geo Engineering AB/SGI Team

Dr. Bo Berggren (Project Manager)

BBE

Swedish Geotechnical Institute, Sweden

Dr. Erich Schwab

ESC

Osterreichisches Forschungs- und Prtif
zentrum Arsenal Ges.m.b.H., Austria

Dr. Horst Schaffhauser

LRA

Institut fur Wildbach- und Lawinenkunde,
Austria

Dr Claudio Scavia

csc

Politecnico di Torino, Dipartimento di
Ingegneria Strutturale, Italy

Abscent

1. WELCOME.
As the Chairman, BSE, welcomed the participants.

2. VERIFICATION OF PARTICIPANTS
The attending partners introduced themselves and their belonging to the Steering Group.

3. MINUTES OF THE 11TH CONFERENCE CALL. REVIEW AND APPROVAL.
The minutes were adopted.

4. CALAR FINAL REPORT
BSE thanked everyone for their comments on the first draft and the effort that everyone have made.
The final draft is based on the comments from the first draft and discussions on the 11 th conference
call as well as discussions between the meetings.
RMA suggested that we should put more emphasis on the language and content of the foreword, since
this is what everyone reads. It is not necessary to have a readers guide and we should not mention all
the people from the Steering group and the partners in the foreword.
JHU agreed with RMA comments. There is no need to praise ourselves in the foreword. JHU thought
that the readers guide is good to have in the report but that the language has to be corrected. In general,
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the report now has a better structure, although the chapter on conclusions is extremely weak. It is not
easy to draw conclusions from this project since we did not find any synergy effects. Though, we had
some good ideas in Oxford, at the Innsbruck meeting and in Vienna and those ideas should be given a
more prominent place and should be discussed more.
RMA pointed out that it is important to find comments in the report on how to proceed with the work.
Can any new projects come out ofthis concerted action? Perhaps the different ideas could be written
under headlines such as insurance industry, land-use planning etc.
BSE concluded that the final chapters have to be rewritten. Page 42 could be an introduction and then
the report will continue with future work. BSE suggested that chapter 2.6 and 2.7 should be lifted up
to chapters of their own. These parts are so essential to the report that they should be given a more
prominent place.
All comment on the final draft should be sent to CBE on Tuesday 20 June, at 11.00 CET by the latest.

5. OTHER BUSINESS
RMA asked about the proceedings from the conference. RNI said that so far no decision has been
made on how to continue with the work.

6. FINAL COMMENTS AND THANKS FOR COLLABORATION
The chairman thanked all the partners for their work and collaboration in the project. For him it has
been an interesting project that has given useful experiences. He hoped that the contacts between the
people involved would continue and looked forward to other projects and collaborations in the future.

7. END OF MEETING
The Chairman thanked everyone for their participation and ended the meeting.
Christina Berglund

Bjorn Sellberg
Steering Group Chairman

Secretary
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X-CALAR '99

EXPERT MEETING IN INNSBRUCK 1-3 MARCH 1999

FINAL PROGRAM

MONDAY, 1 MARCH 1999, 13.00-14.00
Opening
13.00-13.10

Lambert Rammer

X-CALAR'99 - Opening, Welcome

13.10-13.20

Bjorn Sellberg

CALAR - Overview

13.20-13.30

Bo Berggren

X-CALAR'99 - Aims, Program

13.30-14.00

Bo Berggren

X-CALAR'99 -Experts presentation

MONDAY, 1 MARCH 1999, 14.00-19.00

Session 1
Session Leader: Bjorn Sellberg
Discussion Leader: Rainer Massarsch
14.00-14.20

Peter Holler

Alpine Reg. Report, Avalanches

14.20-14.40

John Hutchinson

Atlantic Reg. Report, Landslides

14.40-15.20

Rainer Massarsch

Discussion

15.20-15.40

Refreshments

15.40-16.00

Xl

Fritz K Brunner

Continuous Monitoring

16.00-16.20

X2

Lambert Rammer

Detection, Alarm Systems

16.20-16.40

X3

Jordi Corominas

Monitoring, Modelling

16.40-17.00

Refreshments

17.00-17.20

X4

Michael Moser

Hazards, Monitoring

17.20-17.40

X5

Bertram Geigl

NAFT, Forecasting

17.40-18.00

Denis Peter

EU Environmental Programme

18.00-18.40

Rainer Massarsch

Discussion

18.40-19 .00

Rainer Massarsch

Summary, Similarities, Conclusions

TUESDAY, 2 MARCH 1999, 08.00-12.00
Session 2
Session Leader: Bo Berggren
Discussion Leader: Richard Niederbrucker
08.00-08.20

Bo Berggren

Mediterranean Reg. Report, Avalanches

08.20-08.40

Claudio Scavia

Mediterranean Reg. Report, Landslides

08.40-09.00

Richard Niederbrucker

Discussion

09.00-09.20

X6

Karsten Lied

Modelling

09.20-09.40

X7

Christoph Hegg

Assessment, Modelling

09.40-10.00

X8

Chris Kilburn

Modelling, Forecasting

10.00-10.20

Refreshments
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10.20-11.00

X9

Flow, Risk Asessment

KurtCzurda

Xl0 Tomas F ernandez-Steeger

Doreen Landslide

Xll

Joachim Rohn

Modelling, Risk Assessment

11.00-11.40

Richard Niederbrucker

Discussion

11.40-12.00

Richard Niederbrucker

Summary, Similarities, Conclusions

TUESDAY, 2 MARCH 1999, 13.00-18.00
Session 3
Session leader: Bjorn Sellberg
Discussion leader: John Hutchinson
13.00-13.20

Rainer Massarsch

Nordic Reg. Report, Landslides

13 .20-13 .40

Richard Niederbrucker

Alpine Reg. Report, Landslides

14.00-14.20

Rainer Massarsch

Nordic Reg. Report, Avalanches

14.20-14.40

John Hutchinson

Discussion

14.40-15.00

Refreshments

15.00-15.40

X12 Rainer Poisel

Mechanisms, Modelling

15.40-16.00

X13 Dimitrios Kolymbas

Catastrophic Landslides

16.00-16.20

X14 Peter Andrecs

Rockfall, Protection

16.20-16.40

Refreshments

16.40-17.00

Xl5 Claes Alen

Probabilistic Approach

17.00-17.20

Xl6 Hans Kienholz

Hazard and Risk Assessment

17 .20-1 7.40

John Hutchinson

Discussion

17.40-18.00

John Hutchinson

Summary, Similarities, Conclusions

19.00

Dinner

WEDNESDAY, 3 MARCH 1999, 08.30-12.00
Session 4
Session leader: Claudio Scavia

Discussion Leader: Bo Berggren
08.30-08.50

Xl7 Jean-Louis Durville

Hazard Assessment

08.50-09.10

Xl8 James Griffiths

Hazard & Risk Assessment

09 .10-09 .30

X19 Olivier Lateltin

Mapping, Hazard Assessment and Land-Use Planning

09.30-09.50

X20 Michael Manhart

Avalanche Release/Blasting

09.50-10.10

Bo Berggren

10.10-10.30

Refreshments

10.30-10.40

Bjorn Sellberg

Discussion
S-CALAR, Wien 2000, Scope, Program

276

AppendixA4

10.40-11.50

John Hutchinson, Rainer Massarsch, Claudio Scavia, Horst Schaffhauser, Richard
Niederbrucker, Karsten Lied, Bo Berggren
Discussion Leader: Bjorn Sellberg
Conclusions on good practice, research needs, synergy effects, priorities: inventory,
mapping, modelling, hazards, risks, monitoring, measures

11.50-12.00

IClosing of X-CALAR'99

Lambert Rammer

Expert Presentations

No

Author

Title

Xl
X2
X3

Fritz K. Brunner
Lambert Rammer
Jordi Corominas

X4

Michael Moser

X5
X6
X7

Bertram Geigl
Karstein Lied
Christoph Hegg

Continuos Monitoring of Landslide
Avalanche Detection and Alann Systems
Recent Experiences in Monitoring and Modelling of
Landslides
Hazard Assessment and Monitoring Systems of Large Scale
Slope Movements in Form of Sagging Mountain Slopes
(Talzuschube), Earth Fows (Schuttstrome) and Mountain
Splitting Areas (Bergzerreifiungsfelder)
NAFT-New Avalanche Forecasting Technologies
Snow Avalanche Modelling
Landslides in Switzerland - Assessment and Modelling,
First Results of the Post Event Analysis after the Event of
Sachseln 1997

X8

Chris Kilburn

X9

Joachim Rohn & Kurt Czurda

Xl0

Ulrike Schneider & Kurt Czurda

Xll

Kurt Czurda & Eva Ruckert

Xl2
Xl3

Rainer Poisel
Dimitrios Kolymbas

Xl4
X15

Peter Andrecs
Claes Alen

X16
X17
X18

Hans Kienholz
Jean-Louis Durville
James Griffiths

X19

Olivier Lateltin

X20

Michael Manhart

Modelling the Runout Lengths of Landslides
- Forecasting Accelerations in Slope Movement to
Catastrophic Failure
Earth Flow and Rockfall Risk Assessment: Geotechnical
Analysis, Mapping and Hazard Zonation
Creep Modelling Area Ebnit Valley: Plastic Creep Failure.
Risk Assessment by Borehole, Surface, GPS Data and
Geotechnical Mapping
Landslide Risk Assessment by Overlapping Geotechnical
and Hydrogeological Data
Landslide Mechanisms and Numerical Modelling
Mechanisms of Catastrophic Landslides (EU Contract No:
ENV4-CT97-0619)
Rockfall, Protection
Application of Probabilistic Approach in Slope Stability
Analysis
Synoptic Hazard and Risk Assessment: Harmonized Criteria
Hazard Assessment in La Clapiere, France

-

Inherent Resolution Difficulties in Assessing Landslide
Spatial and Temporal Distributions for Hazard and Risk
Appraisals
- Geomorphological Mapping in Landslide Hazard
Assessment Studies
Mapping, Hazard Assessment and Land-Use Planning in
Switzerland for Landslides
Avalanche Release/Blasting
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Geological Sciences
Swiss Federal Institute for Forest,

Drake Circus

NO-7034 Trondheim
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Angewandte Geologie
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Universitat Karlsruhe

Dip!.Geol.

FR-75732 Paris Cedex 15

58 bd Lefebvre
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AT-1031 Wien

P.O. Box 8

AT-6020 Innsbruck

Forsttechnischer Dienst
Osterreichisches Forschungs- und
Prufzentrum Arsenal Ges.m.b.H.
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University of Berne

Gower Street

AT-6020 Innsbmck
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Via Pisano 6

AT-1020 Wien

Ferdinandstrasse 4

SE-112 98 Stockholm

Regione Piemonte

Abteilung fiir Schutz vor Wildbiichen und
Lawinen

Swedish Council for Building Research

Box 12866

AT-6020 Innsbruck

Wildbachforschung an der
Forstlichen Bundesversuchs anstalt
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IT-10129 Torino

Dipartimento di Ingegneria Strutturale
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Quick clay slides and other types of earth and rock slides have
to NGI since the establishment of the Institute and in 1972 the

In connection with area planning, development of urban areas,
conshuction work it is necessary develop criteria for avalanch
The building regulations demand buildings to be placed in are
cannot threaten human lives, and consequently these regulatio
requirements to precautions taken against such events. Today t
houses constitutes a sti·ong pressure on available areas at the s
areas in N01way are threatened by avalanches and slides.
avalanche and slide hazard and safety measures creates a
with special knowledge and experience. At the same time
and research work must be perfonned within a broad tech

quick clay slides
other types of earth slides
rock and stone slides
snow avalanches
slush avalanches
under water slides

NGI develops criteria for avalanche and slide hazards, their ru
safety measures for:

cy, general research

Landslide research:
Contact person: Kjell Karlsrud
e-mail: kk@ngi.no

Phone: (+47) 22 02 30 00
Fax: (+47) 22 23 04 48

Avalanche research:
Contact person: Frode Sandesen
e-mail: fs@ngi.no

Iceland

logical Office

ODIES AND AUTHORITIES
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, Sweden
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ity of Technology,

anced research related to landslides and rock slides as well as
phasis is placed on the interaction between geotechnical and
he geotechnical department participates in several
projects.

ar Nordal
al@bygg.ntnu.no

orway

chnical Engineering
Environmental Engineering

sity of Technology and Science (NTNU)

wn into catastrophe work in other parts of the world with
nd geotechnical conditions. This means there is a need also
for example tropical soils and rocks. UN has declared the
e when suffering, damages and loss of human lives from
loods and earthquakes are to be reduced. A joint venture
iB, KTH in Sweden and NGI to reduce the extent of damage
hquakes in Central America has been in progress for some
sponsored by NORAD and SIDA.

t) added research and consultancy work in connection with
ese. Thus NGI has a national responsibility for research and
rd to all types of avalanches and slides which may occur in
entral body for these tasks.
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Naturgeografiska institutionen:
Contact person: Wibjom Karlen
Tel. +46 816 47 67
e-mail: Wibjorn.Karlen@natgeo.su.se

Stockholm University

SNV is concerned with information about avalanche and snow
reports and other relevant information.

Fj allsakerhetsradet
SE10648STOCKHOLM
Fax: +46 8 - 698 13 41
Contact person: Per Wallsten

Statens Naturvardsverk (SNV)

Contact person: Anders Rapp
E-mail: Anders.Rapp@natgeo.lu.se

Depa1tment of Physical Geography
Address: Solvegatan 13,
SE 223 62 Lund, Sweden
Telephone: +46 46-2229439
Telefax: +46 46-2220321
Visiting address: Solvegatan 13

Lund University

Fax: +46 - 31 772 2070
Contact person: Goran Sallfors
e-mail: sallfors@vsect.chalmers.se
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al Service for Torrent and Avalanche Control is practically the
ion competent in the assessment of natural risks or hazards in
ous areas. They assess hazards for land development and risks
few private institutes exist in this field. This can be explained
position of the Service in Austria. The Service works out

ulture and Forestry, Forest Engineering Service of
anche Control.
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One of the missions of the Geological Survey is to prevent or r
effects and economic losses resulting from natural hazards. Th
private sector and public policymakers in geotechnical matters
related safety issues covering a wide spectrum of building and
concerns. Further they assist in these areas with their compete
public safety risk based on the Surveys long-term earth scienc
intimate knowledge of the local geology and tectonics.
Geological Services of the Union States

The Geological Survey of Austria is a federal institute subordi
of Science. The primary activities are the national mapping pr
assessment and sustainable development of raw materials, pro
environmental issues such as hydrogeology, geo hazard mitiga
and applied geo- scientific research and development. The sur
maintains, and distributes all available information relevant to
Results of R&D activities are made available not only through
technologies like databases, but also through several journals a
archives facilities. It acts not as a federal authority but as an a
government, decision makers, industry and the general public
related matters.

Geological Survey of Austria, Department for Engine

Hazard Zone Maps (Gefahrenzonenplan), distributes subsidies
realises prevention measures against natural hazards. Being an
subordinate to the agricultural ministry it is not as easily influe
or political interests as local governments are.
Its structure is confmm to the political organisation of Austria.
level are 7 authorities in the Union States (Bundeslander), one
States (Vienna, Lower Austria, Burgenland) and 29 agencies a
more districts.
Furthermore a geological survey and a planning and developm
total area of Austria are included in this structure.
Mass movements are included in the hazard assessment of the
Service of Torrent and Avalanche Control.
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Head: Prof. Dr. Ewald Brucki
Gusshausstrasse 27-29
A-1040 Vienna
AUSTRIA
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Institute of Theoretical Geodesy and Geophysics
Dipl.-Ing. Dr. Helmut Fuchs
500
2

Vienna University of Technology

Institute of Silviculture
Head:
O.Univ.Prof.Dipl.-Ing. Dr. Josef Spork
Peter Jordan-Strasse 70 / A-1190 Vienna/ Austria
Tel: (43-1-) 47 654 -40 50
Fax: (43-1-) 47 654- 40 92
e-mail: spoerk@edv l .boku.ac.at

mation

eology
pl.Ing.Dr. Jean F. Schneider
400
vl.boku.ac.at

and Avalanche Control
ipl.Ing.Dr. Hanns Wolfgang Weinmeister
0 / A-1190 Vienna/ Austria
4351
.boku.ac.at

and Agricultural Sciences, Vienna

Institute of Meteorology and Physics
Head: O.Univ.Prof. Dr. phil Stefanie Tschegg,
Tuerkenschanzstrasse 18
A-1180 Vienna, Austria
Tel: (+43-1) 470 58 20
Fax: (+43-1) 470 58 20 60
Email: tschegg@tomado.boku.ac.at

Institute of Forest Engineering
Head: Univ.Prof. Dipl.-Fw. Dr. Hubert Dilrrstein
Peter Jordan-StraBe 70 / A-1190 Vienna/ Austria
Tel: (43-1-) 47 654 - 4300 / Fax: (43-1-) 47654 - 4342
Email: DURRSTEIN hduerrst@edv l .boku.ac.at

angered areas as a base for hazard assessment in special cases
se planning.
all occurred mass movements are registered in a database, like
Styria.
epartments they are responsible for the land use planning in
specially for the consideration of hazard areas regarding mass

igger mechanism
anent protection and stabilisation measures
es and economic losses.
ents for warning systems

Institute for Geotechnics
Head: O.Univ.Prof.Dipl.-Ing. Dr. Otto Pregl
Adolf v. Guttenberghaus
Feistmantelstr. 4
A-1180 Wien
Tel.: ++43 l 47654-5550
Fax: ++43 1 478 92 42
Email: in Vorbereitung

the Geological Services of the Union States are competent for
ying of mass movements. As part of the union government
eological hazard as a official advisor for:
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Contact person: Dr. Peter Pesec
Lustbilhelstraf3e 46,
A-8010 Graz, Austria
Austrian Academy of Science:

Lustbiihel Observatory Graz, Space Research Institu
Academy of Science (OAW)

Institute for Geotechnics
Head: O.Univ.Prof. Dipl.-Ing. Dr.techn. Dimitrios Kolymbas
TechnikerstraJ3e 13
A-6020 Innsbruck, Austria
Tel: +43/512/507-6671
Fax: +43/512/507-2996
Email: Geotechnik@uibk.ac.at

University of Technology Innsbruck

Department of Geography
Head: O.Univ.Prof. Dr.Gschtottner
Innrain 52
A-6020 Innsbruck
AUSTRIA
Tel. +512-507-5400 und 5401
Fax +512-507-2895
E-mail: axel.borsdorf@uibk.ac.at

Department of Meteorology and Geophysics
University of Innsbruck
Head: Doz.Dr. H. Rott
Innrain 52
A-6020 Innsbruck
AUSTRIA
Tel: +43-512-507-5450
Fax: +43-512-507-2924

University of Innsbruck
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Geographisches Institut
Head: Prof. Dr. R. Dikau, Geomorphology Unit,
Geographische Institute der Universitat Bonn
Meckenheimer Allee 166
D-53115 Bonn, Germany

Universitat Bonn

In general risk mapping in form of risk maps or hazard zone pl
recommended by law.

The Geological Services of the Union States are the responsibl
kinds of mass movements.
They are working on the geological and geomorphological sur
well as on the planning of measures for prevention and reducti

On the Union level the Geological Services as well as the State
Management of each State are responsible for prevention and r
hazards. The working fields of the State Offices for Water Man
prevention reduction as well as the survey of hazards triggered
other water sources. This means landslides which are triggered
waters respectively when they are influenced by slides.
The area of each Union State is therefore divided into several d
own State Offices for Regional Water Management.

Geological Services and Department for Water Management of

In Germany there is no official federal authority responsible for
natural hazards and their consequences. So it is in the responsib
State.

Faradaygasse 3, 1030 Wien
Tel.Nr. +43-1/797 47-201
Fax: +43-1/797 47-590
GERMANY

Arsenal research, OFPZ Arsenal Ges.m.b.H.
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Department for Landslide Research
Head: Prof. Dr Krauter Edmund
Postal address:DonnersbergstraBe 12
D-55 129 Mainz
Tel.: +49 6131 5815 89

German Geophysical Society

92262

9 Mainz

graphy,
runert

nz

cherweg 21

Technische Universitat Munchen

Chair of Geodynamics-Physics of the Lithosphere
Head: Prof. Dr. H.J. Neugebauer
Postal address: NuBallee 8
D-53115Bonn
Tel.: +49 228 7374 29

University of Bonn

Department of Applied Geology
Prof. Dr. H. Prinz
Postal address: Strombergstr. 38 D
D-55411 Bingen
Tel.: +49 6721 35166

University of Marburg

Chair for Groundwork, Soil and Rock Mechanics
Head:
Prof. Dr. R. Floss
Postal address: D-80290 Munchen
Visitor address: Arcisstr. 21,
D-80333 Mtinchen
Tel.: +49 (89) 289-22440
Fax.: +49 (89) 289-22441
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SLF Eidg. Institut fiir Schnee- und Lawinenforschung
Fliielastrasse 11
7260 Davos Dorf

WSL Eidg. Forschungsanstalt fiir Wald, Schnee und Lands
Ziircherstrasse 111
8903 Birmensdorf, Schweiz
Phone: ++41 (0) 1 739 24 62
Fax: ++41 (0) 1 739 25 70
Contact person: Albert Boll
Head of Water, Soil and Rock Movements
e-mail: albert.boell@wsl.ch
website: http://www.wsl.ch

CENAT Natural Hazards Competence Centre
c/o Eidg. Institut fur Schnee und Lawinenforschung
Fliielastrasse 11
7260 Davos-Dorf, Switzerland
Phone: ++41 (0) 81417 02 01
Fax: ++41 (0) 31 324 76 81
Contact person: Bernhard Krummenacher
Coordinator CENAT
e-mail: cenat@slf.ch
website: http://www.cenat.ch

PLANAT National Platform Natural Hazards
c/o Landeshydrologie und -geologie
3003 Bern, Schweiz
Phone: ++41 (0) 31 324 77 63
Fax: ++41 (0) 31 324 76 81
Contact person: Olivier Lateltin
Executive Secretary PLANAT
e-mail: planat@buwal.admin.ch
website: http://www.planat.ch

Section Land-use and structure
e-mail: claudia.guggisberg@brp.admin.ch
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CREALP Centre de Recherche sur !'Environnement Alpin
45, rue de l'Industrie
1951 Sion
Phone: ++41 (0) 27 324 03 80
Fax: ++41 (0) 27 322 57 67
Contact person: Jean-Daniel Rouiller
Head of CREALP
e-mail: crealp@tvs2net.ch
website:

CERG Centre d'Etudes des Risques Geologiques
Universite de Geneve/Faculte des Sciences
13, rue des Maraichers
1211 Geneve 4
Phone: ++41 (0) 22 702 66 24
Fax: ++41 (0) 22 320 57 32
Contact person: Prof. Jean-Jacques Wagner
Head ofCERG
e-mail: wagner@sc2a.unige.ch
website: http://www.unige.ch/hazards

GIUB Geographisches Institut der Universitat Bern
Hallerstrasse 12
3012 Bern
Phone: ++41 (0) 316318859
Fax: ++41 (0) 31 631 85 11
Contact person: Prof. Hans Kienholz
Head of the Geomorphology Unit
e-mail:kienholz@giub.unibe.ch
website: http://www.giub.unibe.ch/gfg
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rtification and Land Use (Project I Core Project)
ym : ENV 2C

imate and Instability
ym : LIFE 2
ENV/UK/000510
0-01
-30
strate the value of using archeological evidence to predict the
ce of coastal change. To increase understanding of the
climate and instability leading to improved methods of
ment. To develop advice for decision makers in managing

ym : ENV 2C
70527
1-01
-31

id, large-volume landslides in Europe: the design and testing of
azard assessment and mitigation

ym : ENV 2C
60248
7-01
-30
to improve landslide hazard assessment using two different
es: (a) la11dslide occurrence analysis over large areas by means
work and the use of computer based maps implemented on
ation Systems (GIS); and (b) predicting the behaviour of
means of physically based models of slope stability conditions.

r Landslide Hazard Assessment and Management in Europe

EUROPEAN PROJECTS: "Landslides"

NGOING RESEARCH PROJECTS
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Temporal stability and activity oflandslides in Europe with re
change
Programme Acronym : ENV 1C
Reference: EV5V0454
Start Date : 1994-07-01
End Date: 1996-06-30
Extract : To develop criteria for the recognition of relict lands
reconstructing past distributions of landslide incidents and the

Climate change, soil erosion and slope instability in selected a
Italy and Southern Britain
Programme Acronym : ENV 1C
Reference : EV5V0257
Start Date : 1993-10-01
End Date : 1996-09-30
Extract : To describe the impact of the interactions of climate
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