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PREFACE
Interpraevent is considered to be “the expert network for the protection from natural
hazards”. Within this frame we aim to attract experts from science, engineering and
administration. Therefore, the call for papers for the 14th Interpraevent congress –
entitled “Natural hazards in a changing world” – was spread out to this community of
experts. We asked for written contributions to assess the state of the art and knowledge
in natural hazards prevention.
To cover the entire risk circle the call comprised four main topics:
• Risk Governance and Policy
• Data Acquisition and Modelling
• Hazard and Risk Assessment
•	Hazard and Risk Mitigation (land use planning, technical measures, nature based
solutions, organizational measures)
For the first time we offered authors the chance to submit extended abstracts or
papers in English language. After acceptance, it was possible to be invited for an oral
presentation based on both types of submission. With this decision, we thought to be
more attractive for authors working in practical fields. All other authors, not selected for
an oral presentation, had the chance to present a poster.
Following the call, we received 185 extended abstracts and 55 papers submitted by
authors from 21 different nations. The highest number of extended abstracts came from
Austria (51), followed by Norway (45), Japan (25) and Switzerland (20). The highest
number of papers came from Switzerland (15), followed by Norway and Austria (both
9), Italy and Japan (both 5). Nearly 40% of the contributions were submitted within
the topic “Hazard and Risk Assessment”, covering all natural hazards processes.
The predominant part of contributions can be connected to prevention. About half
of the authors are scientists. Nevertheless, the amount of practitioners working in
administration or as consultants is still that high, that Interpraevent reaches its own goal
to bring research and praxis together.
Even Interpraevent was affected by the international COVID-19 crisis. The congress
scheduled for May 2020 had to be cancelled and it was considered to shift the
congress with physical attendance to 2021. Due to health safety reasons the decision
was taken, to organize a virtual congress. With that, we wanted to assure that not all
the work would be for nothing and that at least 43 papers and 115 extended abstracts
could finally be published.
We are aware of the hard work of preparing and writing papers. However, after the
submission, the editors’ job (selecting and convincing potential reviewers) and the
reviewers’ job (critically reading submissions and giving feedback to authors) had to
be done. Finally, the accepted submissions had to go through a layout process until
authors gave their permission for the final publication.
Therefore, we are grateful to all authors, editors, reviewers and the Norwegian layout
team for their valuable efforts to make Interpraevent to what it is: “the expert network for
the protection from natural hazards”.
Niki Beyer Portner
Chair of the Interpraevent Science & Technology Advisory Board (STAB)
and Managing Editor of the IP2021 congress
Gernot Koboltschnig
Business Manager of the International Research Society Interpraevent
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The Natural Hazards Forum in
Norway – cooperation across sectors
Hallvard Berg 1
Keywords : Natural Hazards Forum; cooperation across sectors and administrative levels;
moving towards more resilient settlements; holistic risk management in catchments; data
collection and data sharing

Background, purpose
The Natural Hazards Forum was established in 2016. The purpose is to strengthen the
cooperation across sectors and administrative levels in natural hazards management. A
White Paper on flood, landslide and avalanche risk from 2012 (OED, 2012) stated that
there was a need for improvement in the coordination and interaction in dealing with those
risks. The Forum also serves as national platform for the follow-up of the Sendai
framework for Disaster Risk Reduction, which was adopted by UN Member States in 2015.
(https://www.unisdr.org/we/coordinate/sendai-framework).
The mandate for the Natural Hazards Forum has three main action points:
•

Exchange of information and experience,

•

Take initiative and run projects on cross-sectoral themes,

•

Identify shortcomings or potential for improvement in the society’s prevention and
management of natural hazards and propose measures to meet these

Organisation
The Forum is organised on a classic project model; a steering group, a secretariat and
project groups. The Forum is not a separate legal body. It is a network organisation for
cooperation across sectors and administrative levels. The project groups presents their
results to the steering group. The results will be of different kinds. It could be a report with
recommendations for future management, improved tools or models, or physical in the
form of a structure, a gauging station etc. It is up to each individual agency to decide
whether to implement recommendations and other results in their daily work or not.
The Forum is open to all actors dealing with natural hazards. They are free to propose
projects for cooperation under the umbrella of the Natural Hazards Forum. The mandate,
participation and project structure is defined at the start-up of each project, as agreed by
the steering group and other partners involved, when relevant.
M.Sc., Senior adviser, Norwegian Water Resources and Energy Directorate, NORWAY,
(hbe@nve.no)
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At the moment the steering group consists of representatives from 10 different public
bodies, but this could change over time. These are: the Norwegian Directorate for Civil
Protection, the Norwegian Water Resources and Energy Directorate, the Norwegian Public
Roads Administration, Bane NOR (national railway infrastructure), the Norwegian
Environment Agency, the Norwegian Meteorological Institute, the Norwegian Agriculture
Agency, the Norwegian Mapping Authority, the KS (municipal sector organisation) and a
representative for the County Governors.

Topics
So far the cooperation is structured around 5 main topics:
Holistic risk management in small catchments.
The focus of this package is to minimise downstream damage as a result of land use or
technical measures in the catchment. Various activities have been initiated: cooperation on
data collection, procedures and tools for road construction etc. Some pilot catchments have
been selected to visualise the challenges in managing risk across sectors, explain reasons
for these challenges and suggest possible solutions for improved risk management. This
includes technical, legal, administrative and economic aspects.
The importance of forest as protection against natural hazards for the downstream areas has
become evident inter alia through the ongoing national hazard mapping program. A report
on the legal basis for maintaining the protective effects of forest has been completed
(http://publikasjoner.nve.no/rapport/2018/rapport2018_100.pdf). A group is now working
on a classification system for the protective forest.
Cooperation on data collection and data sharing
A group has been established to see how all relevant actors could contribute to the
collection and distribution of natural hazards and damage data. The Forum will in October
2019 organise a session on “Sharing data – preconditions, expectations and possibilities.”
at a national technology conference - “Teknologidagene”. Technical, legal, economical or
other barriers and how to overcome these will be discussed.
Learning from events and exercises
The background for this project is that there is a great variation in how, if at all performed,
evaluations and other learning activities after events and exercises are performed. The
Forum aims to contribute to resource and knowledge exchange in order to improve our
ability to deal with events. Our focus is on cross-sectoral challenges.
Managing the quick clay slide risk
A group has been established with members from public administration, infrastructure
owners, science and private consultants. The group contributes to harmonising rules and
regulations, scientific development to improve mapping and protection methodology,
improved guidance material and cooperation on competence development.
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Moving towards more resilient settlements
Each autumn the Forum organises a meeting for the CEOs of organisations represented in
the steering group. The topic in 2018 was how we could increase the society’s effort in
preventing damage on existing buildings and infrastructure – included building back better
after events. The leaders agreed to work together in the Forum to investigate new and more
efficient means in managing natural hazards in already developed areas. This will include
investigating the efficiency of current legal instruments and exploring possible new
financial mechanisms and incentives to improved safety against natural hazards.
As part of the follow-up a seminar was organised August 29, 2019. The current system for
insurance and compensation after events as well as support for protection measures was
presented. Possible improvements were explored.
The further elaboration of improved solutions towards more resilient settlements will
require substantial time and effort. But it is a topic of great importance both to people and
economy. Hence the members of the Forum is dedicated to exploring it further. We believe
there is a great potential for improved management of natural hazards across sectors
through this network based cooperation.

References
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Introduction
The Federal Office for the Environment (FOEN) in Switzerland introduced the online tool
EconoMe in 2008 for a comparable evaluation of the effectiveness and the economic
efficiency of mitigation measures against gravitational natural hazards (Bründl et al.,
2016). The method implemented in EconoMe is based on the risk concept for natural
hazards published by the National Platform Natural Hazards PLANAT in 2004 and revised
in 2018. EconoMe relates the risk reduction induced by mitigation measures to the cost of
said measures. Until recently, risk calculations in EconoMe considered only direct damages
to people, buildings, infrastructure, agricultural areas, forests and parks. Costs due to
business interruption and other indirect costs according to definitions by Meyer et al. (2013)
were excluded. In 2018, we developed the method EconoMe-iCost to include business
interruption and indirect costs (both hereafter summarized as indirect costs).

Methods
Quantifying indirect cost caused by natural hazards means that we have to decide which
objects should be considered for the calculations and which not. The system delimitation
has a considerable effect on indirect costs and there are no general rules. If, for example,
an access road to a tourist resort is blocked, we have to decide, whether the hypothetical
loss of income of hotels and restaurants caused by the non-availability of the road should
be accounted for. To address these questions of system boundary, we chose a rather narrow
WSL Institute for Snow and Avalanche Research SLF
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3
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system definition considering indirect costs only of those objects, which are – according to
chosen scenarios – expected to be directly affected by the hazard.
In EconoMe, we distinguish 70 object types of damage potential, which we grouped into
categories for which we use the same method for quantifying indirect costs (Table 1).
Table 1: Object groups and selected method to quantify indirect costs by natural hazards.

category of object types

selected method in EconoMe-iCost

Data source

market-oriented objects
(companies)

value added

NOGA

objects with no market
(health services, public
buildings)

business interruption costs,
replacement cost of services

Business owner

buildings, power and
communication lines

replacement cost for services

Business owner

traffic routes

detour costs, interruption costs

Infrastructure
owner

cultural assets, ecosystem
services, …

neglected

--

For market-oriented companies, we select the value-added approach. For an object i
affected by a hazard event, we calculate the indirect cost as a product of the value added of
a full time equivalent per hour working in object i times the number of full-time equivalents
working in this object times the duration of the interruption in hours until the normal
situation is achieved. Average values for value added for a specific sector (e.g. hotel or
restaurant) are based on the NOGA-statistics (http://www.kubb2008.bfs.admin.ch). For
railway lines, we calculate indirect costs as a product of interruption costs per time unit
(e.g. a day) provided by Swiss railway companies and the duration of the interruption until
the normal situation is achieved. For roads we use a similar approach, considering the
duration of closure, mean cost of traffic jam, mean daily traffic on the affected road section,
and the duration of detour. The calculated indirect costs are added to the direct costs for
each object affected in the considered scenarios (e.g. 10-, 30-, 100-, and 300-year return
period) and yields the total damage to the object.

Results and discussion
As an example, we chose a section of a national and cantonal highway including a
community road, a road bridge, five residential buildings, three barns, two garages, and
three commercial buildings endangered by rockfall close to Klosters in the canton of
Grisons. The duration of closure of the road and the railway section was assumed to last
between one hour and seven days according to the intensity of the process in the chosen
scenarios. The resulting risk based on indirect costs is 2.5 times than the risk based on direct
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costs. Therefore, the benefit-cost-ratio calculated as annual risk reduction related to annual
cost of mitigation measures changed from 1.0 considering only direct damages to 3.5
including direct and indirect damages.

Conclusion
We show that indirect costs can have a considerable effect on the economic efficiency of
mitigation projects and therefore on the decision whether or not a project should be
realized. Our example indicates that the duration of the detour and the method of
quantifying the costs of the detour have a considerable influence on the result. Housing
expenses of persons of evacuated buildings are of minor meaning. Business interruption
costs of industrial buildings contribute to indirect costs according to the value added and
the number of full equivalents working in this building.
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Introduction
There is increasing occurrence of extreme weather events with severe consequences, and
the situation is likely to become worse given their strong relation to climate change and
current challenges with land and water use. To mitigate the risk related to the increased
frequency of natural disasters, nature-based solutions (NBS) offer solutions for risk
mitigation and adaptation based on natural processes and ecosystems that also increase
environmental benefits and improve the human well-being. PHUSICOS, meaning
“According to nature” in Greek, is a project funded by the EU Horizon 2020 program. The
intention of the 4 year project is to support the implementation of NBSs as sustainable and
cost-effective measures for reducing the hydro-meteorological risk in rural mountain
landscapes. The primary aim of PHUSICOS is to implement and verify NBS solutions, by
integrating existing technologies in practical settings and including all aspects of the
process from planning, implementing, verifying performance and up-scaling of solutions.
Three large-scale demonstration sites have been selected; in Italy, the Pyrenees and Norway
as representative of the hydro-meteorological hazards in European rural regions.
Additionally, two small-scale concept cases are established in Austria and Germany to test
specific challenges. This study presents an outline of the project, focussing on
methodologies adopted and preliminary results obtained from the first two years of the
project.

Methods
The success of PHUSICOS relies on the strong transdisciplinary consortium of partners
with expertise covering the fields engineering, social science, governance policy, landscape
architecture, ecology and ecosystem services. The project is organized in eight work
packages with the case study sites as the core of the project (Fig. 1).
The sites selected for the implementation of NBS are facing different natural hazards,
including floods, landslides, erosion and debris flows, as well as drought. For example: the
runoff problems in the collector channels of the Massaciuccoli Lake (Italy), the increased
Dr., Natural Hazards, Norges Geotekniske Institutt, Oslo, NORWAY,
(vittoria.capobianco@ngi.no)
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flood risk in the Valley of Gudbrandsdalen (Norway), the snow avalanches and the
erosion/rock fall risk in both French and Spanish side of Pyrenees.

Figure 1: Organization and synergies between the work packages of the PHUSICOS project.

In terms of governance innovation, the project is exploring ways to enhance the
effectiveness of the implementation of NBS in the planning and policy mechanisms. The
service innovation work package applies the Living Labs (LL) methodology to drive the
participatory process involving a diverse range of stakeholders. The aim is to co-design
NBSs with the stakeholders and this is accomplished by identifying their needs as well as
capturing their knowledge of the territory. To verify the performance of NBS from
technical, ecological and socio-economic point of view, a comprehensive framework was
created taking into account performance indicators categorized into five representative
ambits: Risk reduction, Technical and Feasibility Aspects, Environment, Society and Local
Economy. New products and services showcase the project results, among them an
evidence-based platform of NBSs and a learning arena to encourage knowledge exchange
of NBS for risk management in rural landscapes.

Results and discussion
During the first year of the project the selection processes for the NBS at each of the
demonstrator sites were identified. NBSs that have been approved by the PHUSICOS
Steering Committee have started the public procurement process, and in a few cases the
implementation has started. To support the NBSs, a roadmap for the LLs has been prepared
based on the Toolbox for Stakeholders knowledge mapping to co-design NBS at case study
sites as well as a monitoring scheme to assess their participation and satisfaction throughout
the Living Labs. Furthermore, the NBS assessment tool is to be applied prior to the
implementation of the NBSs to assess the baseline scenario (current situation). The
assessment tool will also be used to evaluate the NBS performance adapting it at the local
-2.
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context using input from the stakeholders' contribution at each demonstrator site. An
inventory of NBS in rural areas has been developed by collecting local examples from
existing databases and literature. The inventory will grow throughout the PHUSICOS
project with the addition of NBSs that are implemented at the demonstrator case sites.
Unfortunately, the COVID-19 pandemic slowed down the implementation process at some
of the sites. Due to that, the project has been granted an extra year from the European
Commission. Currently, the following NBS measures have been implemented or are being
considered for implementation:


3 NBS measures in the Pyrenees: one for erosion control, one for rockfall risk
reduction and for snow avalanches risk reduction



3 NBS measures in Italy: two vegetated buffer strips and one sedimentation basin
for sediment control



3 proposals for flood mitigation measures in Norway.

Several barriers to the implementation of NBS at these sites were identified. Lack of
awareness that investment in NBS can pay off, a lack of political commitment and
reluctance of citizens to accept innovative solutions represent the main obstacles (Solheim
et al., 2021).
Parallelly to the implementation of NBS at the demonstrator sites, Virtual Reality (VR)
tools were developed to support knowledge exchange on NBS with public and private
enterprises. The VR tools describe the hydro-meteorological risk at the case studies and
explain the solutions proposed within PHUSICOS to reduce the risk, including the cobenefits that they provide.
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Introduction
Because many residents live in mountainous areas in Japan, both non-structural and
structural measures are important for preventing sediment-related disasters. Non-structural
measures were first implemented in the 1960s, when disasters occurred that were so serious
that many people had to relocate to other areas. In 2000, non-structural landslide disaster
prevention measures were introduced, including new hazard areas, improved warning and
evacuation systems, designated locations for new housing, building structure regulations,
etc. In 2005, a sediment-related disaster warning system was launched.
However, dozens of people died in disasters every year; e.g. in 2018, 161 people were
killed by sediment-related disasters. It has also been reported that the numbers of deaths
and missing persons associated with sediment-related disasters caused by rainfall, which
are considered to be amenable to warning evacuation, did not change significantly from
1983 to 2013 (Shinohara et al., 2016).
This study focuses on warning and evacuation measures, and considered possible future
countermeasures based on data regarding the number of evacuations and evacuation
triggers.

Methods
We extracted information on 24 disasters that occurred during the period 2007–2013 from
published records on sediment-related disasters (MLTI, 2019), including the number of
evacuees (involuntary and voluntary evacuations), and analysed trends in the number of
evacuations. In addition, we collected data on evacuation rates, etc., from papers published
in the Journal of the Japan Society of Erosion Control Engineering of and survey reports
pertaining to recent disasters, and considered possible future warning and evacuation
measures.
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Results and discussion
Based on the data collected, changes in the number of evacuees and evacuation rates could
not be determined. In Japan, about 1,000 sediment-related disasters occur every year, and
the annual average number of evacuees is about 2,600. About 90% of all evacuees are
subject to an evacuation advisory; the remaining 10% are voluntary evacuations. Although
there have been several reports on the effectiveness of evacuation measures during 2007–
2013, we could not confirm their effectiveness herein.
The evacuation rate, the proportion of those who evacuated in hazard area, for disasters
occurring in July 2018 was 22.1% by Hiroshima city. Evacuation advisories generally
proceed as planned, but perhaps there were some problems. For example, evacuation of
individuals who previously experienced a disaster, or have an interest in disaster prevention
information, may be delayed (Kondo et al., 2006); moreover, areas where the risk of
landslide disaster is high show low evacuation rates (Suganuma et al., 1996). We continue
to explore how disaster prevention education and training programs, etc. can be
implemented more effectively to clear these problems.
The trigger of each ones for evacuation have not changed significantly since 1987.
Additionally, many evacuations are more closely associated with rainfall than with
evacuation advisories. For more effective evacuations, more detailed data pertaining to
previous evacuations are needed.

Conclusions
The results of this study indicated that most evacuees are subject to evacuation advisories,
but there are many other triggers for evacuation. It is necessary to implement measures
tailored to local and individual circumstances, which in turn is expected to require
additional expenses, time, and expertise. To improve the effectiveness of evacuation
measures, additional data pertaining to previous evacuations is needed, not only to inform
warning and evacuation measures, but also for relocation and structural measures.
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Introduction
There will always be a residual risk, but sometimes there is a gap between what kinds of
structural measures can be taken to reduce the risk and what the acceptable residual risk is.
Contingency Planning prior to an event can close this gap by providing means to reduce
risk.
A contingency plan describes the action taken by the civil protection organizations prior to
an event to protect the defined protected objects within the presumably effected area.
Predefined thresholds determine the timing of certain action chains up to the time of the
all-clear. To achieve a smoothly running operation, the planning has to be meticulous but
acquiescent enough to encompass and enable in the moment decisions during the
implementation.
Until now, Switzerland did not have any national standards on the products of a
contingency plan for gravitational natural hazards on a communal level and on how to
develop it. Therefore, each community may have a different kind of contingency plan and
products. This leads to contingency plans with widely varying levels of detail. The new
guideline delineates the minimal standard of a contingency plan in Switzerland. The
Federal Office for the Environment (FOEN), in coordination with the Federal Office for
Civil Protection (FOCP) has elaborated the “contingency planning of gravitational natural
hazards” to easily develop a contingency plan, according to the philosophy of preventing
harm.

Factors of success
The planning starts with a compiled list of objects needing protection. If asked,
communities would like to protect everything. But scarce resources (material and
personnel) force communities to choose, thereby accepting the residual risk to all other
objects. Affected members of the community, whose properties are not protected, can
enhance their resilience by taking action (insurance, structural measures). During an event,
limited time resources require a prioritization of the protected objects. To support the
officer in charge, the objects are ranked in importance to protect.
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The planning process should include at least the responsible officers of the civil protection
organizations as well as the executive authority, caretakes of the objects needing protection,
experts on the topic in addition to the process and people who experienced the process or
know the community very well. Their knowledge is crucial to the success of the prevention
plan. A contingency plan documents experience of experts on objects needing protection,
making it available in the long-term.

Process and Products
To achieve a comparable product, the FOEN presents a minimal standard of the process
and the products. The aim is a sound product, which is used and continually revised and
improved. To achieve this, the planning needs to adhere to some main guidelines, as depicts
figure 1. This process ensures the discussion of limited resources, protection goals, time
constraints and the number of objects needing protection. Moreover, it demonstrates that
the planning cannot and must not be done solely at the desktop but needs to be reviewed
and optimized in the field.
The final contingency plan consists minimally of


Inventory of available means,



A map depicting all interventions,



Task sheets,



Operating plan,



Information and training concept.

To keep these products current, they need to be updated regularly or at least after each event
where the contingency plan has been used.

Conclusion
The contingency plan is an important tool in the risk reduction of a community. Especially
in situations, where no economical structural measure can be taken, or these measures are
not yet constructed. A contingency plan is not static its success is bound to its adaptation
to changing circumstances. After each event it is optimized. Having the same products of
a contingency plan, communities can learn from experiences of others and adapt their plan
accordingly. The national guideline harmonizes the contingency plan and enables these
synergies and cooperation between communities.
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Figure 1: Steps in the planning and implementation of a contingency plan.
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Introduction
Flood-response in federal Switzerland is a task carried out jointly on different political
levels, each with different responsibilities and legal frameworks. Depending on the
magnitude of flood events, the Federal level, the State level (Cantons) and the municipality
level (Communes) are involved in the process of prevention, preparedness, eventmanagement, response, and recovery. The present abstract is practice-oriented and focuses
on tasks, processes, means, and challenges of Cantons when coping with floods and
cooperating within the Swiss federal system. This is exemplified by the flood-prone, downstream Swiss Canton of Aargau. Like any other Canton, it acts between federal and
communal level and, laterally, with upstream Cantons. The abstract also discusses activities
during non-flood periods to strengthen preparedness and to further foster cooperation.

Work processes and approach
In the Canton of Aargau, three groups mainly tackle flood-response: 1) a technical flood
expert group, 2) civil protection group that, in case of an event, constitutes the core of the
cantonal crisis committee, and 3) a crisis intervention group. During floods, urgent
activities comprise the real-time exchange of information, measurement data, forecasts and
warnings, regular calls and exchange with the colleagues on the federal level. At the same
time, the flood expert group of the Canton Aargau contacts up-stream Cantons and aligns
their flood-response activities with theirs. This particularly involves the timely
management and control of lake levels and their outflows. Lakes play a decisive role in
retaining floodwater volumes, and thus – if controlled judiciously – help to attenuate flood
waves for downstream Canton Aargau. Other activities during events involve advisory
services and representation in meetings of the leading crisis committee, on behalf of which
further mitigation measures are directed to the third, crisis intervention group. Yet another
interface for the Canton is the advisory of the communes as to the development of the
overall hydro-meteorological situation.
During non-flood periods, Cantons work closely with the federation in terms of exchanging
information and experiences on conferences, operating jointly hydro-meteorological
Secretariat Steering Committee Intervention in Natural Hazards, LAINAT, SWITZERLAND
(christophe.lienert@bafu.admin.ch)
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gauging stations, densify measurement networks, exchanging real-time measurement and
topographic data via online platforms and Web-services. Between the communities and the
Canton, as well as within the three cantonal groups mentioned above, there is an active data
exchange and technical visits at flood-prone hotspots, joint advanced trainings and staff
activities to keep working processes, documentation and reliabilities up to date.
National and cantonal laws and bylaws define data exchange, warning and alerting,
emergency and intervention planning, as well as civil protection. However, co-operation in
terms of personal experience exchange, trainings, technical visits, takes place on a
voluntary basis.

Methods and results
Fast growing volumes of real-time measurement data from operational sensor networks
make it increasingly difficult, to access processed, well-visualized data for decisionmaking. Grasping overall flood situations and responding in a targeted way is therefore
intricate. Methodically, a real-time database, and a self-updating, web-based cartographic
platform tackle this problem. By applying tailored web-services, the database provides the
platform with the most current measurement data in an automated, integrated manner. The
resulting maps allow for further exploration and comparison of flood data in real-time and
in a customizable, interactive manner. The Canton Aargau and the communities work on
such a proposed visualization platform, called EnVIS / HydroWeb. It publishes all water
level and discharge gauges in real-time, together with precipitation and groundwater data.
A combination of multi-sourced data are provided, including those of neighbouring
Cantons, bordering southern Germany, the Swiss Federation, and private network
operators. For the purpose of higher transparency and self-responsibility, the platform is
accessible not only to natural hazard specialists, but to the public. A responsive design
ensures optimized viewing on mobile devices (Fig. 1).
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Figure 1 Flood-response view of web-based application EnVIS-HydroWeb of Canton Aargau

Conclusions
Well-attuned cooperation - beside technical tools, data, waring products, forecasts, secure,
and reliable communication channels – is key in successfully coping with, and responding
to, flood events. This especially applies in federal systems, where – on political, strategic,
operational and tactical levels - definitions, reviews and cultivation of various technical
and human interfaces are vital parts. Elements of cooperation during flood events and nonflood periods are:
•

Contacting among experts using single point of contact SPOC approach

•

Knowing internal and external key people/groups, their roles and competences as
to advise, decision-making, and implementation

•

Transparent communication of uncertainties

•

Briefings during, and de-briefings after, floods in order to learn from past flood
events

•

Regular instructions and trainings (e.g., handling media, coping with uncertainties)

•

Clear legal basis for (operational) flood-response, and political support;
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Introduction
The severe flood event along the Danube River and its tributaries in Europe 2002 initiated
substantial revisions in flood protection and flood management in Austria. One of the most
important lesson learnt was the need for an integrated risk management approach
comprising a broad bundle of structural and non-structural measures. The flood in 2002
clearly outlined that this problem has to be dealt with on catchment scale. Therefore, a
flood risk management approach has been since then developed on national and EU level.
Integrated food risk management is nowadays implemented in accordance with the EU
Floods Directive (FD). In close cooperation with sectors like spatial planning, building
regulation and emergency management measures have been developed to reduce or even
avoid flood risk. Integrated flood risk management also needs close coordination with the
goal achievement in accordance with the EU Water Framework Directive (WFD). The
main challenge is to coordinate between the objectives of both directives (FD and WFD)
which might be significantly different or even contradictory. The process of cross sectoral
coordination on national level in Austria is working well, as for both directives the
competent authority is the same federal ministry. Major challenges arise when it comes to
the implementation of distinct local measures. Especially flood protection measures have
to be analysed on catchment scale to identify potential conflicts as well as synergies with
other sectors and interests especially the goals referring to the WFD. In the frame of the
hydraulic engineering assistant act it is, therefore, obligatory (prerequisite for funding) that
this consideration has been done based on the river basin and risk management concept
(GE-RM). This approach often leads to the identification of measures with multiple
benefits e.g. natural water retention measures or nature-based solutions having the potential
of improving flood protection, ecology, recreation, hydro-morphology, habitat availability,
etc. in terms of achieving the objectives of the FD and the goals of the WFD at the same
time.

1

Dr., Administrator, Austrian Federal Ministry of Agriculture, Regions and Tourism, Stubenring
1, Vienna, Austria (clemens.neuhold@bmlrt.gv.at)
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Integrated management approach
The eligibility check for funding of flood protection measures in Austria has to be
conducted based on the planning tool called “River Development and Risk Management
Concepts” (GE-RM). These concepts on catchment or sub-catchment scale serve to
coordinate possible/potential measures. The concepts are coordinated with the objectives,
measures and priorities of the National Flood Risk Management Plan (RMP) according to
the FD as well as the goals of the National River Basin Management Plan (NGP) according
to the WFD. Further, GE-RMs are closely coordinated with the legal frameworks of the
nine Austrian federal provinces such as regional and spatial planning, building regulations,
emergency management, nature conservation and other administrational authorities,
potential users, stakeholders and those potentially affected in the catchment.

Figure 1. Project coordination including information and participation

Figure 2. Moduls of the river development and risk management concept

The River Development and Risk Management Concept is usually established by
authorities supported by consultancy and comprises the following steps:
•

Preliminary study: in the interest of efficient planning, existing data is reviewed
and tasks for the subsequent revision are specified
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•

Inventory taking: identifies need for action and supplies missing data necessary to
determine deficits, objectives and measures

•

Setting objectives: based on the inventory taking and cross linking to the goals of
river basin management as well as the objectives of flood risk management
potential deficits can be identified. By this approach an integrated reference is
defined serving as a common target state to be reached.

•

Based on a consistent catalogue of measures, the river development and risk
management concept finally describes the intended measures in the planning area
ranked by priorities.

A GE-RM is created primarily for water bodies and catchment areas with a need for action
regarding flood risk management and river basin management. Apart from the flood hazard,
the ecological status, land use, zoning, third party rights etc. are considered. On the basis
of studies and inventory taking, interdisciplinary objectives and measures are defined.
These form the base data and starting point for subsequent general projects and detailed
planning.
As this tool has recently been set up from scratch it is now in a dynamic developing phase
of revision and updates where needed. For this reason a LIFE Integrated Project
(https://life-iris.at/) has been set up to support the cross-sectoral coordination based on
rivers mainly spreading over at least two federal provinces in Austria, to also ensure
administrational coordination based on (slightly) different legal frameworks related to
spatial planning, building regulations and emergency management.

Conclusion
The integrated planning process in the frame of the River Development and Risk
Management Concept aims at considering relevant sectors and technical fields to ensure
the sound, coordinated and reliable implementation of the EU FD and WFD. It allows for
a catchment-based planning, independent of administrative borders and, therefore, supports
multi-level risk management. To increase awareness against flood risk, ecological state,
and further relevant water management needs the preparation of the GE-RM includes
obligatory stakeholder involvement and participatory processes. The overall goal is to
avoid conflicts on catchment scale, at the same time aiming to identify integrative win-win
and multi benefit solutions. However, still at the beginning of the definition of the planning
tool framework there is dynamic room for enhancements and modulation to achieve a
robust decision support accounting for the objectives of the EU FD and WFD at the same
time.
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New ways of risk management in
Bavaria – comprehensive approaches
and communication
Wolfgang Rieger1, Ronja Wolter-Krautblatter2, Katarzyna Haponiuk-Winiczenko1,
Christin Werthmller1
Keywords: risk-management; holistic approaches; communication; governance

Introduction and objectives
In the field of water management, we have to tackle conflicting interests between the
protection of society from hydrological hazards, as well as waterbodies representing an
important habitat of flora and fauna. In many cases, we state narrow thinking, instead of
finding holistic solutions. Just considering the field of flood protection, the state realizes
diverse protection measures, but risk management can only work properly, if everybody
realizes his or her respective task. Citizens often do not feel concerned (see fig. 1), thus,
they fail to realize measures of personal provision and experience major losses in the case
of floods. Our objectives are (I) a better use of synergies in the field of water management,
including the connection to the current European directives. (II) In addition, we need to
improve communication strategies to reduce the personal risk as well as finding common
solutions with all stakeholders.

Methods
Currently the Bavarian action program for river basin management and development
2030 (PRO Gew¨sser 2030) is in progress, which is a strategy of the Bavarian Water
Management Authority and combines three action fields: flood protection, ecology and the
social function of rivers. The field of risk communication is an important element of
diverse strategies and projects, like PRO Gew¨sser 2030 or the subordinated “Integrated
Torrent Development Concept” (IWEK, other contribution at INTERPRAEVENT 2020)
and “Flood Information Bavaria” (HIB). The latter is a communication strategy addressing
defined stakeholders (citizens, municipalities, farmers, industries, architects, house owners,
landscape and urban planners) via multiple channels.

1 Dr.-Ing., Head of Unit, Flood Protection and Alpine Natural Hazards, Bavarian Environment
Agency, Bürgermeister-Ulrich-Str. 160, Augsburg, Germany (wolfgang.rieger@lfu.bayern.de)
2
State Office for Water Management Munic, Hestrasse 128, 80797 Munchen, Germany

-1.
INTERPRAEVENT 2021 – EXTENDED ABSTRACTS

| 37

Figure 1. Self-Assessment in Bavaria: Threat of Heavy Rain. The results of a citizens' consultation in
Bavaria. Basis: 1.400 interviewed persons.

Results and discussion
Holistic approaches and new ways of communication

PRO Gew¨sser 2030 contains innovative elements responding to changing conditions,
improved approaches and integration of new knowledge. Within the action-field (I) flood
protection the goals of the flood risk management directive are still being pursued, but
additional torrential rain management and barrage management are considered. (II) An
improved ecological condition of waterbodies will further develop existing activities of the
EU Water Framework Directive. Waterbodies and floodplains represent core elements in
the implementation of the Bavarian biodiversity-strategy (also expressed in the Bavarian
referendum). The (III) social function of rivers is a new aspect, with the aim to create a
nature friendly access to rivers for citizens to “experience” the water as a recreational area.
Comparable to the previous flood protection strategy (AP2020plus), it is foreseen to
document the implementation of the measures (e.g. newly built dikes, protected inhabitants,
length of renaturated waterbodies) every two to three years in so-called «performance
reports». The public participation, also required by the EU Water Framework Directive
and the EU Flood Directive, is an important overarching issue within BAP. In the phase of
implementation, we envisage the involvement of all stakeholders in order to integrate
different interests and opinions to improve the understanding of measures and to avoid
conflicts. The concept of “open planning” allows the integration of local knowledge as well
as exploratory discussions to identify expectations, goals, concerns and needs for
information. IWEK is a common procedure for the management of protection systems in
torrential catchments, which contains the synergy of structural and organizational measures
to encounter torrential hazards and the collaboration of different stakeholders. In order to
test the practicability, we have conducted four case studies. The final outcomes will be
evaluated and converted into guidelines for a general application in Bavaria within the next
years. Amongst others, HIB provides an Information Portal, a pool of comprehensive
flood information offers and information material for different target groups. The Twitter
channel of HIB is the first social media offer from the Bavarian Water Management
Authority. Currently we have 1000 followers (multipliers) with important stakeholders like
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journalists, civil-protection, politicians etc. Within 2019 the number of multipliers using
the Twitter channel, especially from media and the field of protection and emergency,
tripled. This shows that the offer of tailor-made information meets the need from different
stakeholder-groups. With active media work, we increase the frequency of flood related
news. Since 2019, we have been providing a thematic service for municipal specialist
media and for the municipal official journal that is successfully used in order to inform
citizens.

International Context

The new strategies and communication tools correspond quite well to ongoing international
activities within the Alpine Conventions “Natural Hazards Working Group”
(PLANALP) on the one hand, which prepared the Seventh Report on the State of the Alps:
“Natural Hazard Risk Governance”. On the other hand a study about ”Dealing with
Residual Risks and the Case of Overload” was carried out, supporting the activities of
the EUSALP (European Strategy for the Alpine Region), Action Group 8 (AG8) “To
improve risk management and to manage climate change better, including major natural
risks prevention”. Also in the frame of the AG8, a study about existing natural hazard
physical models will be worked out to further develop practice-oriented communication
tools and to activate new target groups.

Conclusions
In the light of the complex challenges in water management, we are working out and
implementing integrative and holistic strategies, also requested by the EU Directives.
They are an adequate answer to known social needs and global problems like changing
climate conditions and the loss of biodiversity.
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Introduction
Worldwide millions of people are displaced by hazard events and changing climate
conditions (López-Carr, Marter-Kenyon, 2015). Policy makers struggle to come up with
sustainable adaptation strategies. Therefore, planned relocation as a passive adaptation
measure gains importance. Recently, numerous case studies as well as pertinent guidelines
have been published on this matter (Petz, 2015. UNHCR, 2015). Interestingly, central
European countries have developed sophisticated hazard management systems which
include a combination of measures, in which planned relocation has not gained wide
recognition. The contribution explores the country Austria, which faces a wide range of
risks posed by natural hazards and has conducted planned relocations since the 1970s. Ever
since, the framework for relocation has evolved to accomplish risk reduction and meet the
needs of concerned parties.

Methods
The research is based on a mixed-method including literature review, legal documents and
semi-structured interviews with institutional stakeholders to explore the regulatory
framework for conducting planned relocations and to evaluate case studies. The study sites
were thoroughly selected to cover different hazards (floods, avalanches, torrential hazards),
scopes and regions throughout Austria.

Results and discussion
On an international level, planned relocations are carried out in different contexts and
mainly analysed in independent case studies. Austria lacked a comprehensive comparative
study investigating the relocations conducted due to significant natural hazard risk.
Anyhow, the Austrian case is extraordinary due to its origins. During the 1970s farmhouses
along the river Danube that were identified for relocation, as they were strongly affected
by recurring floods. Compensation payments were provided by agricultural funds, but
M.Sc., PostDoc Researcher, Spatial Planning, Technische Universitat Wien, Karlsgasse
13, Vienna, Austria (arthur.schindelegger@tuwien.ac.at)
1
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lacking any integration of the measure in the existing (technical) flood management
scheme. Especially large flood events enabled an extensive political discussion and
supported the development of the hazard management system as well as the regulatory
framework. From the 1990s onwards specific relocation guidelines were developed and the
measure integrated in flood protection projects increasingly. It is possible to acquire or even
expropriate private land and property if needed for technical measures in the public interest.
Furthermore, funding can be provided for voluntary relocation. People in voluntary
relocation areas get the possibility to apply for funding, covering approximately 80% of
the time value of buildings as well as demolition costs. Property titles remain widely with
the affected people and replacing houses or flats need to be acquired individually.
The study shows clear differences in the single cases, as they are dependent on the specific
local to regional context. Nevertheless, essential parameters recur. Generally, federal state
or local authorities took over the coordination and communication with the affected people
integrating political stakeholders as well as experts. Discussions targeted especially
alternative housing areas for the affected people and the formulation of consistent
guidelines. Planning regulations were widely applied as an instrument to safeguard the nondevelopment of relocation sites. Interestingly, the analysis revealed that sectoral thinking
still prevails and planned relocations are not conducted in an integrative manner. So far,
planned relocations are mainly embedded in existing project structures developed for
technical protection measures. This leads to shortcomings in the coordination with planning
agendas concerning the striven future development as well as the long-term support of the
process.

Conclusions
The research provides a clear profile of the potentials but also shortcomings of the existing
regulatory framework for planned relocations and uncovers the organisational interrelation
of hazard events, political will and the local population. Furthermore, planned relocation
involves the planning authorities extensively and demands an early and comprehensive
coordination. It becomes obvious how important a vertical as well as horizontal governance
approach in developing protection measures in general and more particularly relocation
processes is, to ensure a smooth implementation. In the European context planned
relocation can target especially scarcely populated agricultural areas that are essential for
flood run-off and flood retention to reduced existing natural hazard risks.
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Regional economy effects of disaster
risk reduction investments
Frank Sinabell1, Dieter Pennerstorfer2

Introduction
Disaster risk reduction (DRR) infrastructure investments are justified by their effects on
saving lives and by their economic benefits. Most frequently, the numbers of protected
persons and the money saved due to lower expected losses are used as indicators and set in
relation to the costs (see e.g. BMLFUW, 2006). The topics of this paper are the regional
economy effects of DRR infrastructure. Our case study covers the entire territory of
Austria, the period 2001 to 2011, and the hazards of interest are avalanches and torrents.
To answer the research question, we compare economic variables in regions which
benefited from investments in DRR infrastructure at varying levels. The hypothesis is that
higher investments make a region more attractive for inhabitants and businesses. During
the phase of construction, the investment stimulates local value chains via changes in
production and consumption. This effect may trigger higher value added, however a
positive effect can be off-set if resources are taken away from more profitable activities. In
the longer run, when the regional economy adjusts to the new equilibrium, economic
benefits may capitalize in the value of land, the most immobile factor of production. A
decrease of risks may be observable in higher land prices.

Method
We employ econometric methods to attain empirical results. For the panel data analysis
fixed-effects models are used in various specifications. This type of models is frequently
used in regional economics. In such models some parameters are assumed to be nonrandom. Fixed effects are used to controlling for unobserved heterogeneity when this
heterogeneity is constant over time (e.g. the topography or the exposure to hazards).

Data
A large set of economic, demographic and topographic data was used for the empirical
analysis. Among the data are revenues from municipality taxes (a proxy for value added),
average prices of land for residential purposes and expenditures for DRR infrastructure.
Grid data on demographic variables were combined with hazard maps to identify the
number of houses, persons (primary and secondary residence) and employment in zones of
high, medium and no risk. A descriptive analysis shows how these variables changed from
2001 to 2011 (Figure 1). The grid data reveal different dynamics in the different zones.
1
2
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Whereas population increased in general, the number of primary residents in zones of high
torrential risks was lower in 2011 than in 2001.

Figure 1: Change of the number of houses, residents (primary and secondary), and employed persons
from 2001 to 2011 per grid cell (250x250 m) in zones of torrent risk. Source: own calculations

Results, discussion and conclusions
The econometric analysis of the panel data shows that DRR infrastructure investments have
favourable economic consequences. In municipalities where the infrastructure is built, the
number of houses increased (+ 1 to +8 houses per 106 € DRR investment) in a statistically
significant way. The number of jobs (+ 67 per 106 €) increased as well, but the level of
significance is lower. The relation between high investments in DRR infrastructure and
increasing property prices is robust. According to the preferred fixed-effects model, an
additional DRR investment of 106 € (aggregated for the period 2001-2011) is associated
with an average increase of building land prices of 1,80 Euro m-2. This means that DRR
investments make owners of properties more prosperous.
Future research should try to identify the causal link, as it not clear whether investments
are made where economic development is high or vice versa. Employing spatial
econometric models for controlling for spatial spill overs is an avenue for potentially more
robust results.
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Background
The Norwegian Water Resources and Energy Directorate (NVE) is a directorate under the
Ministry of Petroleum and Energy. In 2009 NVE got the governmental responsibility for
assessment and mapping of avalanche and landslide hazard and risk. In the following
avalanche and landslide is used to as short for all forms of rapid mass movements in steep
terrain. The Parliament white paper number 1 (2008-2009) stated the following: “aid to
help municipalities through hazard (and risk) mapping. NVE will contribute to establish
guidelines for hazard assessments that the municipalities and developers can use to conduct
detailed hazard assessments in areas not being mapped by the government.” (Regjeringen,
2009). NVE have since 2011 published detailed hazard maps for the most exposed
settlement in about 70 municipalities in Norway, but there has been little focus on
standardising hazard assessments. NVE have published the guidelines Safety against
Landslide and snow avalanches 8/2014 (NVE, 2014) on how to perform hazard
assessments. These guidelines are very general, so it is much up to the professionals
themselves to determine the scope of the assessment and which methods to use. Naturally,
this can cause very different results between different providers. This makes it challenging
for municipalities and developers to order, verify and use these hazard assessments.

Methods
In the beginning of 2019 NVE started a new project where the aim is to make guidelines
for detailed hazard mapping of landslides and avalanches. The guidelines must fulfil the
requirements set in the Planning and Building Act (Plan- og bygningsloven) and the
Regulations on technical requirements for construction works ("Byggteknisk forskrift TEK17") (DiBK, 2017). This regulation states that all construction works shall be located,
M.Sc.,Project Leader, Norges vassdrags- og energidirektorat, Middelthunsgate 29, Oslo, Norway
(mas@nve.no)
2
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designed or protected against landslides and avalanches to ensure that the largest combined
nominal annual probability is not exceeded for the relevant safety classes (Figure 1).

Figure 1. Illustration of Norwegian building safety classes and their respective largest combined nominal
annual probability. A normal house plased in safety class S2 has an largest allowed combined nominal
probability of 1/1000 of being destroyed by mass movements.

To estimate whether the probability exceeds the demands for the relevant safety class can
be challenging, especially without clear guidelines. This is particularly the case for the
probabilities 1/1000 and 1/5000, since we have very little statistics to rely on for these
return periods.
Three groups of hazard mapping experts led by NVE make the guidelines for hazard
mapping for rockfalls, rockslides, snow avalanches, landslides, debris flows and
avalanches, and slush flows based on existing practise. They are also defining requirements
for scope/magnitude of work based on the safety class. For instance, a hazard assessment
for a single garage (S1) may not need the same level of effort as for a school (S3).

Results
The result will be guidelines that defines scope and methods for hazard assessments. Based
on existing knowledge the guidelines will define what data to consider, amount of
fieldwork, type of modelling required, and finally how to translate this into probabilities.
It will also define how the results should be documented.
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The guidelines will be web based with separate webpages tailored for the user needs.
Different information will be available based on whether the user is ordering or performing
a hazard assessment.
The main goal is a guideline that will be used as a standard method for hazard assessments
for landslides and avalanches to ensure a more even quality for all hazard maps, which
again will make them easier to order and use.

References
Regjeringen,
2008.
St.prp.
nr.
1
(2008–2009):
(https://www.regjeringen.no/no/dokumenter/stprp-nr-1-20082009-/id530766/sec1)
DiBK, 2017. TEK17: (https://dibk.no/byggereglene/Building-Regulations-in-English/)
NVE, 2014. Veileder nr.8-2014, Sikkerhet mot skred
(http://publikasjoner.nve.no/veileder/2014/veileder2014_08.pdf)

i

bratt

terreng:

-3.
INTERPRAEVENT 2021 – EXTENDED ABSTRACTS

| 47

14th Congress INTERPRAEVENT 2021
Norway – Extended Abstract
www.interpraevent.at

Small country, big challenges –
Switzerland’s hazard prevention
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What makes Switzerland special
Because of its geography and climate, densely populated Switzerland is often affected by
water-related hazards like floods or debris flows, by landslides, rockfall processes and
avalanches. Strong earthquakes are rare but – as history shows – represent one of the
biggest risks. Due to growth of population and the expansion of settlement and
infrastructure, the increase of mobility and the effects of climate change (e.g. hail and
storms) risks due to natural hazards increase.
Switzerland has been a federal state since 1848. In a country with four national languages
and a highly diverse geography, federalism represents an important contribution to social
cohesion. Under the Federal Constitution, powers are divided between the federal
government, the cantons and the communes, according to the principle of subsidiarity. With
this principle, collaboration is a must and the government only undertakes tasks that the 26
cantons are unable to fulfil or which require national coordination or uniform regulation.
Conversely, if the cantons are unable to deal with a certain task, the next level up – i.e. the
government – provides support. The cantons are also required to follow the principle of
subsidiarity when fulfilling their natural hazard prevention tasks. The 2,200 communes
should be assigned those tasks that they can fulfil independently with their available
resources.

Collective problems require collective solutions
Following a series of major events causing extensive damage in the first half and middle
of the 19th century, protection against natural hazards was declared a joint responsibility of
the federal government and the cantons. The first Federal Constitution of 1848 laid the
foundations for funding public works. Efforts to control hazards led to the realisation that
natural hazards could only be managed collectively.
After almost 100 years without major events, there was a recognition and learning from a
series of large events at the end of the 20th century that complete protection against natural
hazards is impossible. Furthermore, over time it is apparent that structural measures alone
are not sufficient. In terms of preventive measures, the priority shifted to spatial planning
and land use tailored to natural conditions. The move from simple hazard control to a risk
Dipl. Geol. Dipl. Biol., Head of staff unit, Hazard Prevention Division, Federal Office For The
Environment, Worblentalstrasse 68, Ittigen, Switzerland (dorothea.wabbels@bafu.admin.ch)
2
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culture based on prevention required the development of comprehensive data and
information about the occurrence of hazards and the respective risks, with a view to
recording, evaluating and steering natural risks. This approach is known as 'integrated risk
management'.

Focusing on the essentials with 300 stakeholders –
a position fixing

Natural hazard prevention is a cross-sectional task, encompassing land use, spatial
planning, water protection, environmental and civil protection by the government, cantons
and communes, the private sector as well as insurance companies and individuals. These
actors are involved in the process as a joint task, in accordance with the principle of
subsidiarity.
In 2013, the Federal Council commissioned the Federal Office for the Environment
(FOEN) to produce a report assessing the current situation with regard to natural hazards
and their management in Switzerland, identifying any action required and proposing
measures for improvement. Main aim of the report was to analyse the current situation
including all relevant stakeholders. Therefore, the main players involved in managing
natural hazards were consulted during the report's preparation. In addition, nine workshops
were held in 2014 and 2015 with 300 practitioners and researchers. When so many
stakeholders are involved, the development of a common understanding and vision and
mutually agreed goals are the main challenges as well as the key factors to maintaining
focus and achieving success. This, in turn, requires an appropriate strategy. Switzerland
has a strategy on how to cope with natural hazards since 2003. This strategy was updated
at the same time as the report was being prepared, in close coordination with the analysis
presented in the report (PLANAT 2018). Another prerequisite for further development is a
'learning culture' (Switzerland has this in the form of event analyses, for example), intensive
exchange of experience and a broad risk dialogue (to verify the proportionality of the
measures). The resulting report (Swiss Federal Council 2016) is thus a jointly developed
and broad-based action plan containing a comprehensive discussion of the individual areas
of action and listing the measures required, as indicated by the 300 stakeholders. The report
confirms the correct direction of natural hazard prevention up to now. The focus of the
measures lies on (1) completing the hazard and risk fundamentals and on (2) strengthening
the collaboration between the stakeholders. The report, and the way in which it was
prepared, shows what Switzerland makes special: problems are seen as a common task that
have to be solved together.

Implementation status
In a decree enacted in 2016, the Federal Council approved the report and asked the FOEN
to submit an initial report on the implementation status of the integrated risk management
of natural hazards in 2020. All the measures are due to be implemented within the next 20
years, i.e. by 2040. The current implementation status is 25 %. In the long term the
challenge lies in keeping the safety reached and in avoiding new inacceptable risks. In a
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small country facing big challenges, protection against natural hazards is and will remain
a shared responsibility.
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Introduction
The Lower Inn Valley is the main habitation and economic area in Austria’s province Tyrol
and one of the most densely populated areas throughout Europe. The flood event of August
2005 at the Tyrolean Inn River and the designation of flooding hazard zones have shown
that there are significant deficiencies in the Lower Inn Valley regarding the flood protection
for a 100-year flood event. In order to ensure appropriate protection of settlement and
economic areas as well as the infrastructure up to a 100-year flood event at the Inn River,
extensive planning activities for flood protection and compensation are carried out. For the
realization and maintenance of the flood protection measures at the Inn River, water
associations have to be established according to Austrian Water Law. The funding and the
huge number of affected communities and property owners cause great challenges in
connecting different interest.

Flood protection concept at the Tyrolean Inn River
The project area concerns the Lower Inn Valley in Tyrol between Innsbruck and
Kufstein. The total river length is approximately 75 km. In order to carry out the complex
flood protection project as quick and efficient as possible, the project area was divided
into three sections (A, B, C, figure 1). Those sections can be realized independently from
each other. In each of these sections, flood control measures, including compensatory
measures, can be implemented without aggravating the threat of a 100-year flood on
adjacent sections of the river or the downstream end of the project area at the border to
Germany.
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Figure 1. Overview of the project area in Austria (Tyrolean Lower Inn Valley).

Cooperation – water associations
According to Austria’s legislation in 2006, the locally interested parties have to act as
license applicants and legal entities in implementing federal water management measures.
Therefore, a necessity to guarantee the project’s decision-making and funding of the
introduced flood protection project at the Inn River is to establish water associations in
accordance with the Austrian Water Law. The members consist of the affected
communities and providers of infrastructure. A complex algorithm was generated to
guarantee a reasonable allocation of costs and voting rights. The protected areas were
further separated by actual land use zonings and the actual intensities of the design flood
and applied with weighting factors as well as the riverbank lengths and retention volumes.
The weighted separations for protected areas of each community and providers of
infrastructure were summarized with the weighted riverbank lengths and subtracted with
the weighted retention volumes to calculate the allocation of costs and the directly
connected voting rights.

Communication and public relations
Interdisciplinary communication is an essential contribution to the project success. It is
indispensable for the consideration of technical fundamentals, the interests of communities,
infrastructure providers and landowners as well as for the coordination of different
departments. For this purpose, a project control group was set up to coordinate the
corresponding planning processes.
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The main goal of the public relations work is to raise awareness among the population
about flood hazards and thus to increase the acceptance of the flood protection project. The
project is accompanied by experts in communication and coordination, in order to focus on
transparent and target group oriented project presentations. On the public project homepage
(https://www.hochwasserschutz-unterinntal.at) it is constantly informed about the current
planning status and process. Target group-oriented events and further distribution of
information (newsletter, social media etc.) for property owners, mayors, infrastructure
providers or ordinary citizens are as important as general events for general information of
interested and affected people.

Conclusions
The necessary flood protection in the Lower Inn Valley in Tyrol represents a great
challenge due to its complexity, the extensive spatial extent and the large number of
interested parties. In addition to the technical requirements, several other frameworks and
boundary conditions have to be considered in order to implement this major project.
Therefore a water association allying affected communities and infrastructure providers is
essential for the project realization and a common engagement against flood hazards.
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Mainstreaming climate change
adaptation and disaster risk
reduction – Key findings of case
studies in the Alpine macro-region
Karin Weber1, Wolfgang Lexer2, Catrin Promper3, Kilian Heil4, Florian Rudolf-Miklau5,
Doris Damyanovic6
Keywords: Alpine region; mainstreaming; climate change adaptation; disaster risk
reduction; case studies

Introduction
International policy frameworks (IPCC 2012, SFDRR 2015, EEA 2017) point out the need
to enhance coherence of climate change adaptation (CCA) and disaster risk reduction
(DRR). Action Group 8 of EUSALP, the EU Strategy for the Alpine Region, addresses this
topic on the transnational scale. The study by Weber et al. (2019) explores activities of
CCA and DRR, by collaboratively selecting and analyzing practice cases within the seven
member states of EUSALP. Similarities and differences between the two fields as well as
challenges and barriers to their cooperation have already been scrutinized (e.g. Mercer,
2010). A main commonality is that both fields are cross-cutting issues and share the
common goal to reduce vulnerability, exposure and strengthen the capacities for resilience
to contribute to sustainable development. There are distinctions in the type of hazards
addressed (DRR: climate- and weather-related, geophysical, ecological hazards; CCA:
climate-related hazards associated to gradual changes), the spatial scale (DRR mainly
focusing on local scale and community´s ability to cope; CCA: from local to global scale)
and temporal scale (DRR: mainly existing risks; CCA: long-term trends). Understanding
success factors that allow overcoming similar challenges is crucial to develop applicable
strategies.
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Methods
The selection procedure started with a broad collection of potential cases combining CCA
and DRR in the Alpine macro-region. Referring to EEA (2017, p. 116) the following
governance items were eligible: A) strategies and policies, B) measures, C) actors,
D) knowledge, E) methods and tools. In collaboration with AG8 members, two cases per
country were selected for in-depth research. The following criteria were obligatory
A) enhanced coherence and cooperation were stimulated deliberately, B) added value for
both CCA and DRR in the activities undertaken, C) cases find and exploit common ground
between long-term perspective and uncertainty issues of CCA, and the risk management
cycle as a focus point of DRR. Data were gathered by document analysis, telephone
interviews and E-mail correspondence with project coordinators. Qualitative analysis
allowed identifying challenges, success factors and lessons learnt.

Results and discussion
As depicted in Figure °1, the cases show a variety of governance levels and elements
addressed. Referring to lessons learnt, the cases show that collaborative and participative
approaches facilitated the process of action, if decision-makers, stakeholders and the local
population were addressed in an early stage of the project (LURK AG, AP2020+, GIRNAlps, GRIMSEL, LIFE FRANCA, Vipava). With respect to the relevance of local scale, a
common approach was to develop local adaptation strategies and scenarios to enable action
in various sectors (spatial planning, water management). Commonly, cross-cutting issues
were addressed (LIFE FRANCA, MASPREM), e.g. the need to consider residual risk,
cases of overload (AP2020+) and interactions between economic, ecological and social
spheres. Equally important were lessons learnt and positive implications due to knowledge
transfer between regions, stakeholders and the public (KLAR! Regions, GIRN-Alps,
MRN). The temporal scale was issued by raising the critical question of dealing with
uncertainties of models and scenarios (KLIWA), which is further connected to estimations
of risk-induced costs and insurance options for natural hazards and climate change (MRN).

Conclusion
The analysis of 14 cases shows that a variety of approaches from local measures to enhance
knowledge and climate change assessments to the application of national adaptation
strategies exists to strengthen the coherence between the policy fields of CCA and DRR.
To fully capitalize on the lessons learnt, further transnational exchange about successful
approaches across the EUSALP macro-region needs to be pursued.
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Figure 1: Transnational comparison.
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Introduction
Pluvial floods became a severe threat in Austria over the last decade due to an increase of
exposure and heavy rainfall events. An increasing proportion of the inventoried damage
events caused by flooding fall on pluvial floods and surface runoff without a link to the
water network. Although these events, due to comparatively low process intensities,
constitute no major hazard for human lives, significant property damage arises. For fluvial
floods a sound basis for planning and comprehensive flood risk management strategies
were established in Austria, especially since the Danube flood in 2002. For pluvial flood
risks such management approaches are relatively new or even missing in some cases and
sectors. A crucial factor that hampered the mitigation of and adaptation to pluvial flood
hazards was the missing availability of pluvial flood hazard and risk maps. In the more
recent past this gap started closing as different Austrian administrative bodies published
such maps. Due to a lack of standardization a variety of methodologies and maps with
different scales evolved within the country. This paper compares the existing approaches,
applies them to a region in Carinthia (an Austrian state) and discusses the implications for
the selection of measurements and relevant sectors such as spatial planning.

Methods
As a first step, an inventory was made of different approaches for the assessment of pluvial
hazards that exist in Austria. Based on the different model assumptions and the
characteristics of their results such as scale, accuracy and purpose of use, one nationwide
approach, two regional maps that cover the area of a state and three local maps that focus
on municipalities are compared. The different methods are then applied to a heterogeneous
river basin (approx. 55 km²) in the alpine foreland, where the density of observed pluvial
events is high due to its topographical and meteorological situation. Based on the
simulation results different hazard maps can be produced and analysed. The overlay with
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data from other sectors, such as a zoning plan, or with data on elements at risk can further
help in developing the understanding of the different model results. Based on this
comparison, and the experiences with and the public response to the different
methods/maps so far, assets and drawbacks can be evaluated.

Results and discussion
Pluvial hazards maps can fulfil two main purposes: (1) they inform the potentially affected
inhabitants to foster individual protection and adaptation measures and (2) they provide
preliminary information for a sustainable spatial planning and construction development.
However, the level of detail provided by the different methods for the assessment of pluvial
hazards varies considerably. In general, two groups of methods can be distinguished:
Firstly, topographic methods (ArcGIS, QGIS/GRASS GIS and Global Mapper are
compared), in most cases based on an D8-algorithm, provide an overview of pluvial flow
paths and their basins. The comparison of the three software packages shows that the output
of topographic methods is rather dependent on the manipulation of the DEM and the model
parameters such as flow accumulation than on the used software. An intersection with the
settlement space can further help to indicate entry points of the surface flow into inhabited
areas. As these models do not consider flow properties, they cannot provide realistic
assessments within settlements. Secondly, hydrodynamic models (FloodArea, HEC RAS
2D and BASEMENT are compared; the selection of these models is based on already
existing approaches in Austria and focuses on freeware) close this gap and are, moreover,
capable of assessing the likelihood of an event. They additionally complement the results
with detailed flood extents, water depths and flow velocities for a specific rainfall event.
For the comparison, a homogeneous 100-year block rain with a duration of 30 min was
used. As first tests have shown that other variables have a more significant influence on the
results, no variation of rainfall was included. However, as the compared hydrodynamic
models use different solvers, some differences in their output and the influence of input
data (e.g. roughness or runoff coefficient) can be outlined. Although the more detailed
information resulting from hydrodynamic models is preferable, a nationwide coverage is
hampered by high requirements of input data and extensive processing efforts.
Additionally, the communication of the results to the public is a challenge, because the
calculation is based on likelihood, and accuracy issues must be addressed in greater detail.

Conclusions
Crosschecking the maps with observed pluvial events shows that both topographic methods
and hydrodynamic models produce sound output. While using the derived maps for
informing the public, it is found that both kinds of maps can help raise awareness about
pluvial flood risks. They can also be used as a basis for spatial planning, where the benefits
of a plot-accurate hydrodynamic model are essential. But, nonetheless, expert judgements
must supplement this information, whenever an in-depth assessment is necessary due to
legal requirements. The study lays the foundation for planning and distributing a more
detailed nationwide pluvial flood hazard map in Austria.
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Introduction
Riverine floods are the second most expensive natural hazard in Norway (The Norwegian
Natural Perils Pool, 2019), and rain-induced flood events are becoming more frequent
(Hanssen-Bauer et al., 2017). Flomhendelser.no is a web-based portal and database for
flood events in Norway, developed by the Norwegian Water Resources and Energy
Directorate (NVE). The purpose of Flomhendelser.no is to supply decision makers with
easily accessible and quality assured information of past flood events, like the existing
database of landslide, avalanche and rockfall incidents (Skredregistrering.no, 2020). The
portal will contribute to better flood forecasts, a more efficient land-use planning and more
accurate flood zone maps. Severe flood events are recorded in the portal by NVE based on
documentation from media, crowdsourcing of observations by the field tool application
Varsom Regobs (Engeset et al., 2018; Devoli et al., 2014) and information on hydrometeorological conditions and forecasts. Most of the information are generated semiautomatically by getting information from existing databases and decision tools.

Methods
Flomhendelser.no is a result of a five-year long working process. The project was divided
into three main tasks:
1. Develop a database of flood events, with separated portals for internal management
and public use.
2. Import and structure existing flood data.
3. Further develop the crowdsourcing application Varsom Regobs for future flood
observations.
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Information and data about severe floods are recorded, reviewed and quality controlled in
the internal portal, before it is published to the publicly open portal. Figure 1 shows how
Flomhendelser.no is structured.
Different user groups tested the internal and public portal in 2018 and 2019, respectively,
resulting in improvements of both functionalities and user experience.

Figure 1. Flomhendelser.no is separated into an internal and public portal. In the internal portal,
authorized users can create and publish flood events, while the public portal is open for everyone to
search and filter flood events and get the information about them. The blue box to the left shows all data
sources that Flomhendelser.no automatically retrieve data from.

Results and discussion
The internal portal of Flomhendelser.no was released in March 2019 and the public portal
in the fall of 2019. At the portal’s front page, users will be able to search in past flood
events, and filter events on flood cause(s), season, period or date, and geographically by
using the map interface. The contents of a flood event in Flomhendelser.no include the
following information:
•

Overview – Quick facts and a summary.

•

Timeline – Geotagged events listed in a timeline.
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•

Observations – In map and text, with data from meteorological stations, gauging
stations, field observations from Varsom Regobs, road messages and more.

•

Weather and hydrological conditions, weather forecasts and flood warnings – In
map and text, describing the weather, the hydrological prognoses and the flood
warnings given before the flood.

•

Consequences – Damages of buildings, infrastructure, the landscape or riverbed
itself and human and livestock losses.

•

Documentation – Images, videos, reports and attachments related to the flood.

33 flood events are published to the public portal per September 2020. Data acquisition is
an ongoing work, and the number of published floods will hopefully increase sharply
during 2020. A major contribution of available flood data is the work of the former NVE
employee Lars A. Roald which made an overview of c. 4000 flood observations in Norway
from 14th century and up to today.
There have been several technical and academic issues to solve during this project, e.g.
related to the use of the parameter “flood size” and to decide the geographical extent of the
flood event. A significant challenge is to inform and promote decision-makers (e.g.
municipalities and road and railway authorities) to use Flomhendelser.no and to document
flood events by field observations through Varsom Regobs. Prospective users must see the
benefit in their everyday work when they contribute with observations. Hopefully,
Flomhendelser.no have the potential to show such usefulness. Thus, it is important that we
are clear in our communication about how the different users can benefit from
Flomhendelser.no.

Conclusions
In summary, Flomhendelser.no provide information about severe flood events in Norway
shown in map, text and images. Our expectations are that Flomhendelser.no will contribute
to better flood prevention and management.
The focus ahead is to enrich the dataset with more information about past severe flood
events and to make Flomhendelser.no and Varsom Regobs well known to those who work
with flood related issues.
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Introduction
A key function of mountain forests is the protection of people, settlements and
infrastructure against natural hazards. A model chain has been developed to identify forests
with a protection function and to quantify their protective effects. The values of the
protection forests are estimated based on the economic value of infrastructure located in
hazard process zones. The model chain will be tested in six pilot action regions (PARs) that
are located throughout the Alps. The size of the PARs varies from 18x11 km to 40x25 km.
This paper focuses on the hazard models in the model chain. There are three hazards which
are considered, snow avalanches, rock fall and debris slides. Each hazard model consists
of two routines: The first routine identifies the hazard starting zones and the second routine
calculates the hazard process area. The model inputs are a 10m resolution digital elevation
model and forest map that summarizes the structure of the forest in the form of an index:
the forest protective effect indicator. The outputs are 10m resolution maps showing the
locations of forests with a protection function and the quantification of this function (the
protective effect) by considering a reduction in both the hazard starting zones and the
hazard process area.
Hereafter, we focus on the model used for avalanches since each hazard process requires a
different model parameterization but results in the same output.
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Methods
Avalanche starting zones are identified with a simple statistical method considering slope
angle and average maximum snow depth. After starting zones are identified the avalanche
path is calculated by a routing routine. Routing is done with the flow-R algorithm (Horton
et al. 2013), which has been translated to Python and adapted to include increased energy
dissipation in forests. Additionally, the function that describes the spreading of the
avalanche has been slightly adapted to allow for uphill flow, if there is sufficient
momentum.
If forest is located in an avalanche path and that avalanche reaches infrastructure, this forest
has a protection function. The protective effect of that forest can then be quantified by the
reduction of energy due to the forest's increased energy dissipation capabilities. The amount
of dissipated energy depends on the forest structure and the type of forest, which are
combined and summarized with the Forest Structure Indicator (FSI). The FSI ranges from
0 to 1, where 0 means no forest and 1 indicates a healthy dense evergreen forest with a very
strong ability to dissipate energy. The advantage of the FSI is that it can be estimated based
on a plethora of data types and qualities with default values available for different forest
types (e.g., dense evergreen forest, mixed broadleaf or newly planted forest).

Results and discussion
The Vals-Gries PAR is located in Austria on the border to Italy. Our results (Figure 1) show
that avalanche hazard areas above tree line are unsurprisingly not protected by forest. The
protective effect comes into play where forest and hazard areas overlap and is concentrated
at the valley bottoms.
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Figure 1. Vals-Gries has an area of 179 km² of which 63.2km² (green shade) are covered by forest. Of the PAR’s
total area, 110 km² (purple and yellow shade) are located in potential avalanche hazard areas not considering
the protective effect of forest. Our Model chain indicates that the forest has a protective effect on 44.45 km² in
the PAR (yellow shade).

Conclusions
A set of models to identify forests with a protection function and to quantify their protective
effects against natural hazards have been developed. Furthermore, the model chain will
also assess the economic value and effectiveness of protection forest compared to
alternative protection measures such as artificial defense structures and avoidance
measures. These models will be applied in the The Interreg Alpine Space project
GreenRisk4ALPs which has the aim to establish ecosystem-based risk governance of
natural hazards.
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Introduction
Intense rainfall and the presence of loose sediments in steep slopes contribute to yearly
landslide activity in many regions in Norway. Debris avalanches, debris flows, shallow
slides and slushflows occur especially in spring and autumn, causing disruptions to the
society. To reduce the significant damages, a landslide forecasting and warning service was
established at the Norwegian Water Resources and Energy Directorate (NVE) to predict
the landslide spatial and temporal regional occurrence (Krøgli et al., 2018). Like to other
services, the Norwegian one works, simultaneously, in many topics. Important tasks are
the improvement of landslide knowledge, the design and development of hazard
monitoring systems, the establishment of warning models and the dissemination and
communication of warning messages to the population. The first task requires regional
characterizations and analyses of past landslides to be able to improve hazard assessments.
An important source of landslide information is the Norwegian landslide database (NLDB).
Although the database is extensive and with a great number of events registered through
many years, the quality of information is still poor, in terms of date of occurrence, location,
landslide typology and landslide magnitude (i.e. volume, extension, velocity). Knowing the
landslide magnitude and the frequency is mandatory for landslide forecasting, in the
definition of thresholds, and, in landslide hazard mapping, to calibrate runout hazard
models used in the definition of hazard zones. In this work we present some of the analyses
performed in two regions in Western Norway, the former Sogn og Fjordane and Hordaland.
Landslides occurred between 2011-2017 were characterized in terms of spatial and
temporal distribution, magnitude (i.e. extension in m2) and triggering conditions. The
analysis of landslides triggered by six weather events is herein presented, showing eventinventory maps and landslide frequency-magnitude curves. We show also how landslide
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magnitude could be incorporated within the definition of the regional landslide warning
levels.

Data and methods
Six weather events (e.g. rainfall and/or snowmelt episodes) that triggered landslides were
analyzed by extrapolating information from xgeo.no (a GiS-based decision tool for warning
of flood, landslides and snow avalanches). Landslide data, extracted from the national
landslide database, were controlled to verify date of occurrence, location and landslide
types and delete double registrations. Photointerpretation of available aerial photos was
conducted to map landslides. Other sources of information, like lidar imagery, satellite
images, photos, and written descriptions, where also used when aerial photos were lacking.
We performed frequency-magnitude (FM) analyses and FM-curves were prepared. The
controlled landslide events were plotted against the existing threshold model (Hydmet) to
evaluate its performance.

Results
Hundreds of landslides were recorded in Sogn og Fjordane and Hordaland between 20112017, triggered by rainfall and snowmelt episodes. Not all landslides registered could be
mapped in their areal extension, because of the lack of aerial photos. Only landslides
triggered by storm Berit, on 26-27th November 2011, storm Dagmar on the 26-27th
December 2011, storm Hilde on the 15-16th November 2013, the snowmelt and rainfall
event on March 20th, 2014, the rainfall event on 26-29th October 2014 and storm Synne
on 4-6th December 2015 are herein described. About 105 landslides in both regions could
be mapped, mainly debris flows and some debris avalanches. A few small debris slides and
some slushflows could be mapped as well. The results revealed that in Sogn og Fjordane
the landslide extension varies between 192 m2 and 96.700 m2 and in Hordaland between
206 m2 and 140.350 m2 (Fig. 1). The mapped landslides were also plotted against the
thresholds used in the operative warning system (Fig. 2).

-2.
70 |

INTERPRAEVENT 2021 – EXTENDED ABSTRACTS

Figure 1.1

Figure 1.2. Comparison of landslides mapped in Hordaland and Sogn and Fjordane. 1.1) F-M curves;
1.2) Landslides plotted against the landslide threshold (Hydmet). The thresholds are defined as lower
and upper boundaries. The colored lines in figure 1.2 (green, yellow, orange and red) separate the
different probability ranges of triggering conditions. The red is the upper boundary (maximum
threshold), while the yellow is the lower boundary (minimum threshold).
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Conclusions
This work has improved the quality of the landslide database and the landslide
characterization at regional level for rainfall- and snowmelt-induced landslides. The spatial
and temporal distribution was analyzed as well as dimensions and frequency that will be
used to improve the performance of the landslide forecasting and warning service. We were
able to map the magnitude (in terms of area in m2) of some recent landslide events, however
the systematic lack of aerial photos after significant rainfall events did not allow to map
more landslides. The work was performed in collaboration with the University of Oslo.
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Introduction
This work aims to test the capacity of Flow-3D to simulate a landslide-generated tsunami
on a large spatial scale. An analysis of the past event at Lituya Bay (Alaska, 1958) is
proposed since a lot of data is available for this event and comparison with existing works
(Fritz et al., 2001; Basu et al., 2010; Ward and Day, 2010) is possible. This analysis aims
to reproduce the tsunami event and to validate the model results with available observation
data.

Methods
A new interpretation of the Lituya Bay configuration before the event is proposed (Fig. 1a).
Bathymetric data are provided by the National Ocean Service (Hydr. Surv. with Digital
Sounding). The pre-event topography is recreated with a resolution of 5 m (DTM from
Elevation Portal of Alaska). A study of the tsunami formation and run-up in the impact area
is accomplished with the numerical model. In a first step a 3D-model of the Gilbert Inlet
with a simplified geometry is set-up. Bulk slide volume (51 Mm3) and density (1620 kgm3
) are used to simulate the rockslide since the concept of a denser fluid with respect to the
water density is applied to model the slide material. Different order approaches for density
evaluation are adopted to simulate the fluids interaction in the bay. Following, the impact
area is recreated using the real topography and bathymetry (Fig. 1b). The rockslide shape
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is readapted to the scar area. The model is run using different resolutions of the uniform
mesh grid (20, 10, 5 m).

Figure 1: Reconstruction of the Lituya Bay pre 1958 bathymetry based on data from U.S. Coast and
Geodesic Survey: Survey id: H04608, 1926 and Survey id: H08492, 1959; DTM available from DGGS
Elevation Portal of Alaska (background topography from © Google Earth Pro 7.3.2.5776). Red spots are
specific recorded run-up elevations; the dotted red line represents the observed trimline. b) Resulting
impulse wave run-up on the opposite slope (reaching the maximum observed elevation 524 m a.s.l.). The
wave overtops the hill crest and proceeds its path in a diagonal direction (red line) with respect the slope
dip.

Further, the model is enlarged to simulate the wave propagation along the entire bay and to
recreate the tsunami trimline (Fig. 2). For this, different grid resolutions are applied
(20x20x20, 20x20x10, 15x15x10 m).
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Figure 2: After the rockslide´s impact into the sea, the wave propagates and floods the inner land along
the bay. The images show the wave velocity magnitude at (a) 68 s and (b) 338 s for a simulation with a
mesh size of 15x15x10 m. Different observation gauges illustrate wave attenuation. The trend of the wave
height a.s.l. and velocity are showed in the graphs for the observation gauges P5 and P9, adopting
different non-uniform grid resolutions.

Results and discussion
With a uniform mesh size of 5 m in the impact area, maximum wave height and run-up
results 211 m and 524 m a.s.l. according observations. A mesh with 15x15x10 m grid size
is required for a reliable reproduction of the tsunami trimline along the bay.
A dense fluid is a suitable simple concept to recreate a sliding mass impacting a water body,
in this case with an impact velocity of 93-104 ms-1. The use of different order approaches
for the density is not influent in the wave features applying a small mesh cell size. The
adoption of different mesh size highlights the necessity to use a grid resolution as high as
possible.

Conclusion
Flow-3D represents a suitable tool for landslide-generated tsunami modelling. The
reconstruction of a reliable bathymetry and topography is of great importance for impulse
wave simulation since the surface generated by the computation grid significantly
influences wave process and inundation patterns. This work confirms the applicability of
sophisticated numerical models for risk assessment in mountain regions potentially
endangered of impacts in lakes.
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Unraveling the groundwater behavior
in landslide mass during heavy rain
by multi-layer ground temperature
monitoring
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Introduction
We are monitoring the behavior of flowing groundwater in landslide mass by the 1-m depth
ground temperature measurement at the Nishi-ikawa Landslide (e.g. Furuya et al. 2017a,
2017b). We found that: 1) the flowing groundwater exists in the form of groundwater flow
vein instead of a uniform groundwater surface; 2) the variation of 1-m depth ground
temperature at some measurement points is different from others. Nevertheless, the detailed
relationship between the infiltration and the increasing of groundwater remains unclear. To
clarify this relationship, we installed thermocouples at multiple depths to monitor these
items, and the results will be presented here.

Methods
Fig. 1 shows the plan of Nishi-ikawa landslide. We installed thermocouples at 1-m depth
along C, E, and I line shown in Fig. 1. Meteorological data were taken from a station 2.5
km west-northwest from the landslide. A monitoring borehole for multiple depths in
shallow layer at point E7 was drilled by a hand auger to the depth of 2.75 m. Thermocouples
were installed at depths of 1.5, 2.0, and 2.5 m, respectively. We used hourly monitoring
data in this study. Another borehole was drilled for sampling groundwater at the depth of
2.7 m and dating by means of measuring the SF6 concentration.
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Figure 1. Plan of the Nishi-Ikawa landslide
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Results and conclusions
Fig. 2 shows the time series data of monitoring results for the period of 15 June to 19 July,
2018. Fig. 2a presents the precipitation and borehole water level at location No. 4 near E7,
Fig. 2b presents the multilayer ground temperature at E7, and Fig. 2c presents the time
series data of air temperature. There were three heavy rainfall events during the monitoring
period (June 19-20, June 29-30, and July 3-7: 526 mm). Ground temperatures at depth of
1.0, 1.5, and 2.0m increased temporarily after heavy rainfall period and recorded peak value
with increasing of borehole water level, and then decreased for theses heavy rainfall events.
The delay for the start of variation in temperature increased and then for the reaching of
peak value became larger with increase of depth. These changes of temperature indicate
infiltration of rainfall from ground surface to deeper layer. Takeuchi (1996) pointed out
that the seasonally constant ground temperature at the shallowest depth is 12.49 °C.
Furthermore, Furuya et al. (2017a) found that the temperature of rainwater during heavy
rainfall is approximately the same as air temperature. From Fig. 2, it is noticed that the
ground temperature after the rainfall is lower than air temperature, although it does not
reach the extreme values as obtained in 2015 (Furuya et al., 2017a). This decrease in
temperature may result from the cooling caused by the increasing groundwater coming
from deep layer, because the groundwater level at E7 was confirmed at the depth of about
1.5 m usually. Furuya et al. (2017a) dated the groundwater during low rain season and also
immediately after heavy rain at the E7, and found that the flowing groundwater at this point
was recharged by the water of about 10 years ago regardless of the rainfall condition. Thus,
we conclude that the increase of groundwater during heavy rain in this landslide may be
due to the upward seepage of old groundwater being pushed up from deeper layer of the
slope, instead of the formation of groundwater surface immediately after infiltration of
rainfall.
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Figure 2. Monitoring results
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Introduction
Floods are one of the most important natural hazards in the Alpine region. The potential
damage of flood events is immense and thus, protecting critical infrastructure is a
challenging and important task for the responsible authorities. Nowadays, with increasing
computational power and improvement of numerical models, forecast schemes to predict
flooding gain in importance. Such forecast models are an indispensable addition to classical
flood protection measures like dams, retention basins, etc. Within this article, a real-time
flood forecasting system for medium sized Alpine catchments is introduced. EFFORS
(Enhanced Flood Forecasting System for Critical Infrastructure Protection in Medium Size
Alpine Catchments) has been developed by an international consortium of experts in the
field of computer science, satellite communication, meteorology, hydrology and
hydrodynamics. Currently, three selected catchments are implemented within the EFFORS
service.

Methods
Within the framework of EFFORS at least hourly updated 24-hour forecasts of
meteorological parameters, discharge within rivers as well as flood plains at local points of
interest are performed. Roughly, EFFORS’ components can be divided into a catchment
observation unit, a modelling unit (meteorology, hydrology and hydrodynamic) and a user
service module. The individual modules are connected via a shell program. At the
beginning of each update interval, measurements from the catchment are transferred to the
servers of the service provider by means of terrestrial and satellite communication
technology. Simultaneously, grid information about temperature, precipitation, relative
humidity, global radiation and wind speed is obtained by the forecasting model INCA.
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Dependent on the catchment, these forecasts serve as input for one of two hydrological
models currently used within EFFORS (DHI Mike Hydro or WaSiM-ETH). Afterwards
the hydrological modelling results provide the boundary conditions for the hydrodynamic
model TELEMAC-2D. Due to its computational requirements in terms of simulation time,
the two-dimensional hydrodynamic model represents the bottleneck of the forecast interval.
Finally, the results of the numerical models are extracted, visualized and further archived.
A detailed scheme of the model chain is illustrated in Figure 1.

Figure 1. EFFORS System architecture (from Gegenleithner et. al. 2019)
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User specific results
For the end-user EFFORS provides spatially distributed data, as well as point information
about meteorological parameters (e.g. precipitation), discharge within the river as well as
water depths in local areas of interest. Furthermore, users are able to define arbitrary points
within the modelling domain for which warnings via SMS or E-Mail are sent if predefined
thresholds are exceeded.

Conclusions
Within EFFORS a forecast system has been developed, which not only allows hydrological
but also two-dimensional hydrodynamic forecasting in real-time. Operating the numerical
models in real-time allows for accounting complex unsteady flows and thus, gives a more
detailed insight to the propagation of flood waves, especially within the flood plain. The
24-hour forecast horizon aims to increase the available reaction time for responsible
authorities in the case of flood events and provides an important addition to conventional
flood protection measures. The modularity of the EFFORS system allows for a
straightforward implementation of additional catchments and numerical models.
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Introduction
Knowledge of torrential hazard intensities in settlements and their impacts on buildings is
highly relevant in flood risk management. Despite the complexity of process-buildinginteraction, impacts are assessed with simplified analytical approaches. This work is
addressed to the interaction of fluviatile hazards and buildings. A physics-based modelling
approach is applied.

Methods
Fluviatile hazard processes at debris cones and the interaction with buildings were analysed
by means of a case-study of the Schnannerbach torrent (Austria). A physical model was at
the scale 1:30. The debris cone was reconstructed including the buildings close to the
torrent channel. A set of artificial hazard scenarios with discharges up to a 300-year event,
sediment concentrations up to 16 % and different grain size characteristics were tested.
Deposition patterns at the debris cone and impacts on the buildings were measured.
Therefore three-axial pressure force sensors were installed on the building walls.
Concerning building and settlement structure, different settings were tested: (i) a single
building and a set of buildings influencing each other, (ii) buildings without and with

Unit of Hydraulic Engineering, University of Innsbruck, Austria (bernhard.gems@uibk.ac.at)
Department of Water Management, Office of the Tyrolean Regional Government, Innsbruck,
Austria
3
Department of Water and Urban Water Management, Office of the Tyrolean Regional
Government, Reutte, Austria
4
Institute of Earth Sciences, Universidad Austral de Chile, Valdivia, Chile
5
Institute of Mountain Risk Engineering, University of Natural Resources and Life Sciences,
Vienna, Austria
6
Institute of Mountain Risk Engineering, University of Natural Resources and Life Sciences,
Vienna, Austria
7
Unit of Hydraulic Engineering, University of Innsbruck, Innsbruck, Austria
1
2

-1.
INTERPRAEVENT 2021 – EXTENDED ABSTRACTS

| 85

openings at the locations of doors and windows, (iii) different walls in terms of distance
and orientation to the torrent channel.
Numerical modelling was done with the BASEMENT software, testing bed-load transport
approaches on their applicability to the dynamic deposition and re-erosion pattern at the
debris cone. Scenarios were analysed in accordance to the experiments, the measurements
were used for calibration.

Results
The experiments revealed a quadratic relation of approaching flow heights at the walls and
impacts for clear water conditions. With the presence of sediments the situation is more
complex. Depending on deposition and re-erosion pattern, flow paths at the debris cone
develop, leading to impact peaks, shadowing effects of deposited sediment and more
scattering of this relation. The presence of other objects on the flood plain influences the
impacts. Neighbouring buildings can have a shielding effect or can lead to higher impacts
by channelling the process (Sturm et al., 2018; Fig. 1). The state-of-the-art equations for
bed-load transport delivered a good representation of the processes in the numerical model,
requiring a high effort and calibration data (Sturm, 2019; Fig. 2).

Figure 1: Results of case-study experiments on fluviatile hazard processes in a physical scale model
(1:30); (a) specific normal impact forces on the walls of three buildings for the situations with and without
surrounding buildings at the debris cone; (b) relation of maximum specific normal impact forces during
the event and corresponding impacts immediately after the event (Sturm et al., 2018; modified).
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Figure 2: Comparison of experimental and numerical modelling results; (a) deposition patterns after the
considered fluviatile hazard event; (b) approaching flow heights at building 2 during the event (Sturm,
2019; modified).

Conclusion
Accurate assessments of process-building-interaction for vulnerability analyses or planning
tasks of structural protection measures require individual analyses with complex models.
For a rough estimation of possible impacts on buildings general empirical approaches are
well applicable. However, spatial extent of the hazard process at a debris cone with specific
arrangements of buildings is more relevant than a perfect knowledge of the hazard
intensities itself and relations of approaching flow heights and impacts.
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Groundwater flow in a complex rockslope failure area, Stampa, Western
Norway
Helge Henriksen1, Rannveig Skoglund2, Berit Soldal3
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Introduction
This contribution addresses the water balance and hydrogeology of the northern part of the
unstable rock slope Stampa, which is situated in the eastern mountainside above the inner
part of the Aurlandsfjord in Sogn og Fjordane, Western Norway. It shows how simple gross
hydrological calculations and low cost measurements of surface- and groundwater physical
characteristics contribute to the understanding of groundwater flow and transit times in the
complex rock slope field.

Methods
Groundwater recharge to the rock slope was estimated from river discharge measurements
and gross calculations of surface water infiltration in the drainage area. Discharging
groundwater was measured in various springs and boreholes in the lower slope of the rock
slope failure area as well as on the fjord bottom. The measured physical and chemical
parameters of recharging and discharging water include temperature, electrical
conductivity, salinity and oxygen isotopes.

Results and discussion
Recharging surface water has a low electric conductivity and variable temperature.
Discharging groundwater has a high electrical conductivity and a more constant
temperature. Groundwater discharging from the fjord bottom has a low salinity compared
with the seawater. The spatial distribution of electrical conductivity and temperature
suggests a shallow groundwater flow system that discharge in the upper part of the unstable
slope, and a deep flow system that discharges in the lower part of the slope and at the fjord
bottom (Fig. 1). Based on yearly variations in groundwater recharge and groundwater
discharge at the fjord bottom, groundwater transit times through the fracture network of the
unstable rock-slope are estimated to minimum 3 months and maximum 5 months for the
deepest flow-paths. Based on natural tracers, temperature and oxygen isotopes, transit
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times for groundwater discharging from the lower part of the slope, up to 100 m. a.s.l. are
from 2-3 months (temperature) and 2-4 months ( δ18 O).

The groundwater discharging from springs at altitudes greater than about 100 m a.s.l. has
generally lower electrical conductivities and more variable temperature. This shallow
groundwater has shorter transit times and may have flow paths in both the fractured rock
mass and in the overlying scree deposits. During short storm water episodes in combination
with snowmelt, transit times may be considerably shorter, and groundwater may also
discharge from additional springs. The electrical conductivity of the discharging
groundwater is only slightly reduced, which indicates that a large amount of groundwater
is driven out of the fracture system at such times. This can be explained by a temporary
higher hydraulic gradient in the slope and/or wider apertures in the water conducting
fractures. This seasonal variation in groundwater pressure is comparable with the rock
slope breathing process detected by InSAR analyses in some unstable rock-slopes
elsewhere in Norway (Rouyet et al. 2017).
No permanent groundwater discharge above ca. 300 m a.s.l is observed. This indicates that
the rock mass in the slope is well drained above this level, but locally a perched water table
may exist. This is indicated by the periodic movement of detached blocks at the outer edge
of the main escarpment following heavy rainfall events and snowmelt.

Conclusions
Groundwater flow in the complex rock-slope failure area takes place in a deep-system
which has discharge point in springs up to 100 m a.s.l. and at the fjord bottom and in a
shallow system which discharges from springs up to 300 m a.s.l. Groundwater transit times
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in the deep flow system have been estimated with a recharge/discharge variation method
and with natural tracers temperature and oxygen isotopes. The three methods give
comparable results. Judged by short-lived discharge of deep groundwater associated with
snowmelt and storm-water, the rock-slope fracture system may be stressed by opening and
closing of fracture apertures. This process could also affect the stability of the rock slope
on a longer term.
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Physical model tests of erosion
protection on the side slope of steep
rivers
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flow.

Introduction
Different types of riprap are used to protect river and torrents from erosion. Blasted rock is
commonly used in Norway either in random order as dumped riprap, or by placing stones
one by one in an interlocking pattern as placed riprap, see Figure 1. Most of the empirical
formulas to determine the stone size for erosion protection are derived for rivers with gentle
slopes of less than 2% and subcritical flow conditions. Therefore, dumped and placed riprap
will be tested in physical model test under supercritical flow conditions and using Froude’s
model law for scaling (figure 1).

Figure 1. Construction of a placed riprap along the steep river Dalelva in Norway. (Photo:
Jomar Bergheim, NVE).
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Test set-up for supercritical flow conditions
Flow in steep rivers is characterised by supercritical flow conditions. In the laboratory,
supercritical flow conditions are usually reached by using a tilting flume. In this study, the
experiments will be performed in a horizontal and rectangular flume, where supercritical
flow conditions will be generated by a sluice gate upstream of the riprap. An analogy
between flow in steep rivers and flow downstream the sluice gate is expressed by the
Froude number. The range of tested Froude numbers is ca. 1 to 3, which correspond to
uniform flow in rivers with longitudinal slope from 2 to 10 %. Since the slope range is up
to 10 %, the effect of the different direction of the forces acting on the riprap stones in the
set-up with horizontal or tilted flume is neglected.
The cross section will be half of a trapezoidal formed channel with a side slope inclination
of 1:1.5 (vertical: horizontal), see Figure 2. The test section with mobile riprap is located
downstream of a section with fixed riprap. The flow will adapt to the rough bed while
transiting over the fixed section.

Figure 2. Planned test set-up: Longitudinal section of the flume to the left and a cross section showing
the side slope on the right.

Expected results
Discharge, water height up- and downstream of the gate and over the riprap and velocity at
selected places will be measured. Records of the flow conditions and the riprap failures
will undergo further analysis afterwards. A comparison of the test results and existing
equations will identify gaps in the design of erosion protection systems.

Conclusions
The tests will contribute with data relating stone size and type of riprap to evaluate critical
discharge for the design. Differences between different types of riprap, dumped and placed,
will be identified. Comparing the results with existing design formulas will show how
applicable the formulas are for the riprap design in supercritical flow conditions as found
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in steep rivers. The results will form basis for the design of a more advanced model with a
steep slope.
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Effect of differences in the amount of
tephra-fall on discharge from a
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Introduction
Understanding the effects of tephra on the discharge of water and sediment from a
watershed is vital for developing practical knowledge regarding the mitigation of disasters
caused by volcanic eruptions. Most previous studies have aimed to clarify hillslope runoff
and erosional processes, and have focused on vegetation changes and tephra supply by
comparing pre- and post-eruption periods. In the case of Mt. Sakurajima, volcanic eruptions
have been recorded since 1955 by the Japan Meteorological Agency and the quantity of
tephra-fall has varied temporally. However, the effects of differences in the quantity of
tephra-fall on hillslope runoff and erosional processes are still unclear. To address this
issue, we compared the quantities of fallen and discharged tephra over a three-year period
and examined the factors influencing the differences therein.

Methods
We conducted field observations in the Arimura River basin, Mt. Sakurajima, in southern
Japan. The climate is humid subtropical, and the hillslope is composed of tephra deposited
on brecciated lava. An experimental plot of 1.8 m2 with a 12° gradient was setup on the
hillslope (Fig. 1). Discharged tephra from the plot was collected in a reservoir. Surface
erosion was estimated from changes in the ground height of 12 erosion pins (H) placed in
the plot. Tephra-fall was measured 1 km from the hillslope, and the dry weights of
discharged-tephra (Wd) and tephra-fall (Wf) were measured. Although the observation
period was from 2012 to 2018, we only used datasets for 2012, 2017, and 2018 because the
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Wd was not measured between early 2015 and the end of 2016. Furthermore, tephra
transported from the upper portions of the plot probably affected the Wd during 2013–2015
because the Wf was more than expected and the ground height exceeded the plot walls.

Results and discussion
The Wf ranged from 6 to 58 kg/m2/yr (Fig. 2a). Approximately 20% of the mean Wf
occurred between 2016 and 2018 in comparison to that recorded between 2012 and 2015.
The Wd tended to follow the Wf (Fig. 2). While the Wf was similar to the Wd during 2012
(0.9-fold) and 2018 (1.1-fold), the Wd was greater than the Wf during 2017 (2.6-fold).
Differences in the mean H over a year were positive for 2012 (1.6 mm) and 2018 (0.8 mm),
thus suggesting that some of the fallen tephra was probably deposited on the ground. In
contrast, surface erosion tended to occur in the plot during 2017 (-0.5 mm). These results
indicated that differences in Wf and Wd had a corresponding relationship during the study
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period, and that tephra may either be deposited on a hillslope or be eroded, depending on
the quantity of tephra-fall.

Conclusions
During the study period, Wf varied annually and differences in Wd corresponded to those
in Wf. Our results implied that the source of discharged tephra could change from a tephrafall layer to a tephra-deposit layer on the hillslope according to tephra-fall. This study
demonstrated only one example of tephra budget under continuous, annual tephra-fall
conditions on a plot scale. Further studies are required to clarify the effects of the
differences in tephra-fall on hillslope runoff and erosional processes in volcanic areas.
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Uncrewed aerial systems
photogrammetry to spatially monitor
slope deformations
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Introduction
More than 300 rock slope deformations have been inventoried in the Austrian Alps, with a
further 72 deposits from catastrophic rock slope failure identified. The activity status of the
slope deformations is often difficult to assign due to the slow creep movements (on a scale
of mm-cm a-1) near the detection limit, and the spatial distribution of deformation across
the slope. The need to clarify the spatial development of an entire slope over time calls for
innovative monitoring methods, which have area-wide coverage and can be complimentary
to the traditional surveying methods. Here we present the latest data acquisition and
processing workflows for uncrewed aerial systems photogrammetry (UAS-P) to
automatically generate surface change models, displacement rates and zonation
delineations.
The study site for this methodology is the active slope deformation Marzellkamm situated
in the upper Ötztal valley, Tyrol (Eastern Alps, Austria). It is characterised by a head scarp,
several minor scarps, trenches and increasing rockfall activity (Fey et al. 2017). The slope
deformation covers an area of 0.4 km2 between 2450 and 2850 m asl. in paragneisses, mica
schists and banded amphibolites with a primary foliation moderately dipping towards SE
on slopes facing towards SE-E with angles of 20-80° (Rechberger et al. 2018). Annual
displacement rates of six identified different sub domains or rock slide slabs (Fey et al.
2017) were measured in the years 1971-2009 with orthoimages, 2006-2010 with airborne
laser scans, 2012-2020 with differential GNSS and geodetic surveys (Leica and Emlid
Reach), and 2014 and 2019 with terrestrial laser scans.These data sets serve as validation
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for our newly developed method using repeated UAS-P and feature tracking to reconstruct
surface displacement vectors and velocity for the years 2018-2019.

Methods
We acquired 1366 UAS images in August 2018 and 1202 images in August 2019 with a
DJI Phantom 4 and DJI Phantom 4 RTK, respectively. The imagery was used to
photogrammetrically compute digital elevation models (DEM) in Agisoft Metashape
(v.1.5.3) for 2018 and 2019. Important workflow steps to receive an optimal 3D model is
the alignment, georeferencing and optimization. Optimization is retrieved by deleting
points with high uncertainties (>0.5px). The generated dense cloud is filtered aggressively
(vegetation) to moderately (block fields), simple classification tools work for terrain with
similar vegetation coverage. The 3D model resulting from the 2018 campaign covered
0.48 km2, covering mainly the areas of high activity. For 2019, the covered area was
enlarged to 0.58 km2 by including surrounding regions, allowing for a broader overview
and clearer distinction between active and stable regions at the site. As lower flight altitudes
with terrain awareness flight planning were selected in 2019, ground resolution was
improved from 4.2 cm (2018) to 2.0 cm (2019).
The IMCORR feature tracking tool (v. 1.1) implemented in the open source geographic
information system SAGA (Bremer, 2012) was used in tiles of 64x64 pixels (px) (approx.
5x5 m) with 128x128 px reference tiles for a correspondence analysis and horizontal
displacement analysis of the DEM 2018 and 2019 (Figure 1). IMCORR was developed for
ice velocity measurements by comparing two images using a fast fourier transform-based
adaptation of the cross-covariance approach. Later it was enhanced by implementing a 2.5D
approach based on digital terrain models (DTM) (Bremer, 2012).
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Figure 1. Horizontal displacement vectors and velocities analyzed with the IMCORR feature tracking tool
based on the UAS 3D model are displayed with their arithmetic mean in hexagonal grids to capture the
displacement. Displacement vectors and velocities measured at ground control points (GCPs) using
geodetic surveying equipment (GNSS) are provided for the purpose of validation. Sub domains become
clearly visible with the spatial distribution of displacement vectors and velocity patterns.

Results and discussion
The displacement vectors between 2018 and 2019 indicate plausible surface displacements
for the most active sub domain with velocities of 0.21-0.7 ±0.05 m/a-1and is in excellent
agreement with TLS, GNSS and extensometer measurements indicating displacement rates
of 0.2-0.3 m/a-1 over the period 2012 -2019 (Rechberger et al. 2018). UAS-P data indicate
surface displacement rates of0.14-0.23 ±0.05 m/a-1for this sub domain. Here TLS
measurements are also in agreement with in velocities of 0.05-0.25 m/a-1.
Displacement vectors can also successfully be calculated indicating subdomain
delineations, which fit with those derived from long-term observations and monitoring
data. The innovative method of acquiring UAS images and successive 3D point cloud
analysis allows for a new complimentary method to established in-situ methods to conduct
extended spatial monitoring campaigns of slope deformations. The method shows a high
level of accuracy validated against control data, with a lower detection limit of 0.05 m a-1.
It is inexpensive in comparison to traditional monitoring techniques, and can be applied to
slope deformations, which are not already equipped with permanent monitoring systems,
which will be invaluable as the need for characterisation of recently inventoried slope
deformations in Austria develops.
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Introduction
Sakurajima is an active volcanic island southwest of Kyushu, Japan. After volcanic
eruptions, debris flows occur due to rainfall, and a large volume of sediment is transported.
Debris-flow monitoring devices using a load cell and a pressure sensor with a thick
stainless-steel plate (DFLP) have been installed there. The mass density and sediment
concentration are calculated using data obtained by the DFLP system, the flow discharge
rate and depth are measured using an ultrasonic level meter, and the surface velocity is
determined by analysis of CCTV camera images. As an alternative to a wire sensor, a LVP
sensor has been developed and is installed for continuous detection of the debris flow. This
sensor consists of a load cell, an acceleration meter to measure vibration, and a pressure
meter, because load cells are recently used for debris-flow detection. Temporal changes in
the sediment concentration are calculated by the DFLP system, and debris-flow detection
is performed using LVP and wire sensors.

Typical debris flow measured by DFLP
Figure 1 shows the longitudinal bed elevation of the Arimura and Nojiri Rivers. The DFLP
system is installed at Arimura No. 3 sabo dam and Nojiri No.1 sabo dam. For the Arimura
River, the catchment area is 1.35 km2 and the bed slope near the dam is 1/15.5 (=3.7°). For
the Nojiri River, the values are 3.0 km2 and 1/22 (=2.6°), respectively. The equilibrium
sediment concentrations for the Arimura and Nojiri Rivers are calculated to be 0.0643 (for
3.7°) and 0.0437 (for 2.6°), respectively, assuming a value of 2.65 for the specific weight
of the bed sediment. The sediment concentrations using the DFLP system are estimated for
14 and 9 events, and the average values are 0.444 and 0.284, respectively, for Arimura and
Nojiri Rivers. The sediment concentration for coarse components seems to be slightly
overestimated for the equilibrium sediment concentration calculated based on the bed
slope, interparticle friction angle, and specific mass density of coarse sediment particles.
The effects of fine components on coarse components might need to be considered when
calculating the flow using the DFLP system.
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Figure 1. Longitudinal bed profiles of Arimura and Nojiri Rivers.

Debris-flow detection using LVP sensor
The number of debris flows is defined as the number of disconnects of the wire sensor.
Three wires have been set vertically at heights of 60, 120, and 180 cm from the bed, to
determine the magnitude of the front of the debris flow. The developed LVP (Itoh et al.,
2017) was also installed for continuous detection of debris flows. The sensor is mainly for
debris-flow detection, though there have been attempts at debris-flow measurements using
a small box with a load cell in the USA. Data measured using a combination of an LVP
and a wire sensor are shown in present study, and threshold values for debris occurrences
using the LVP are determined through temporal changes in the flow depth, weight and

-2.
102 |

INTERPRAEVENT 2021 – EXTENDED ABSTRACTS

vibration. Wire sensors and the LVP detected all 11 debris flows in 2016. For the height of
1st wire sensor (60 cm), the load is 100-150 kgf/m2 and the vibration range is 200-1200
mV. For the 2nd wire sensor (120 cm), the values are 600-1,250 kgf/m2 and 2800-3000
mV, respectively.

Conclusions
Based on newly developed tools for measurement and detection of debris flows, mass
density and sediment concentration were calculated using data obtained by the DFLP
system, measured by an ultrasonic level meter, together with surface velocity
measurements using a CCTV camera. There are at least 14 datasets for the Arimura River,
and 9 for the Nojiri River, that could be used to calculate the temporal changes in mass
density and sediment concentration, respectively. Especially, coarse components and the
liquid phase of debris flows could be estimated using the DFLP system, and the calculated
concentrations of coarse components were 0.444 and 0.284, respectively, for the Arimura
and Nojiri Rivers. The combination of a wire sensor and the LVP allowed the detection of
11 debris flow events in 2016. Threshold values for debris flows were determined by
measurements of the flow depth, weight and vibration by the LVP sensor.
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Introduction
Precipitation/runoff (p/r) modelling of torrent catchments is one main task in determining
the design event for the delimitation of hazard zones or the planning of protection measures.
Since small torrents are often ungauged, the input parameters of the p/r model cannot be
calibrated but need to be defined by means of table values or expert opinions. Focus is put
on the plausibility check of the results and their sensitivity to main input parameters.
A large number of p/r models, including the event model ZEMOKOST that is widely used
in Austria, use loss factors for the calculation of runoff formation and roughness parameters
for the calculation of runoff concentration. Runoff and roughness coefficients for both, the
surface and the subsurface, are therefore essential parameters for p/r modelling of torrents.
However, the many input parameters and their bandwidths often challenge the
practitioners.

Methods
In the province Tyrol (Austria), an attempt is made to create area-wide maps (GISshapefiles) of the main hydrologic input parameters used in the p/r model ZEMOKOST
until 2021. This task is now completed for the entire region of East Tyrol (2.022 km²).
From different land use data, detailed hydrogeologic data (Pirkl and Sausgruber, 2015) and
digital terrain models, several detailed maps were derived (Kohl et al., submitted). These
maps are a-priori parameters of the surface runoff coefficient, the surface roughness
coefficient, the hydrogeological contributing area, and its subsurface conductivity,
respectively. Furthermore, the stream network including the ephemeral gullies is mapped
by means of orthofotos and high resolution digital terrain models.
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However, the practitioner must convert this information to input parameters for the p/r
model ZEMOKOST into a spreadsheet format, which is usually done by means of a
geographic information system (GIS). To simplify this procedure, a python-script has been
developed that automatically intersects different maps and provides the necessary
spreadsheet with the input parameters.
The standardised input parameters should be a minimum benchmark (see Figure 1).
Furthermore, the aim of the automatic pre-processing is on the one hand, to reduce the time
that is spent on pre-processing and on the other hand, to motivate the user to focus rather
on the definition of the parameter and/or the plausibility check of the results. It is now to
test this methodology (standardized a-priori input parameter and automatic pre-processing)
regarding both, a user-friendly application (pre-processing) and their compatibility with the
former way of p/r modelling.

Figure 1: Work flow p/r modelling with the new area-wide hydrologic parameter maps and the automatic
pre-processing of input parameters.

Results and discussion
Currently, the steps 1 to 3 of the procedure in Figure 1 are tested in twelve different torrent
catchments of East Tyrol. The catchment areas are in a range of 0.6 km² to 57 km² and the
catchments were divided into 3 to > 30 sub-basins beforehand. In most out of these twelve
catchments, previous p/r simulations are available to compare the results.
The automatic pre-processing of the input data works well and simplifies the use of the p/r
model ZEMOKOST a lot. The comparison with manual pre-processing shows an exact
accordance.
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In terms of the peak discharge of design events, the application of the new, standardized
input parameters predominantly yields similar results compared to earlier p/r simulations.
However, results differ considerably in terms of the water volume; it is much larger with
the new standardized data. This increase of water volume is associated with an increase of
the critical rainfall duration that ranges now between 43 to 360 min for the 12 catchments.
The model results with the new data indicate a significant contribution of subsurface flow
on both, the peak discharge and the water volume of the flood event. In the twelve torrent
catchments, the subsurface flow contributes on average with 60 % to peak flow (14 to
>90 %) and 70 % to the total water volume (40 to >90 %), respectively.

Conclusion
The automatic pre-processing and the area-wide input parameter maps for the p/r model
ZEMOKOST in East Tyrol simplify the usage of the p/r model ZEMOKOST and give
reliable model results compared to earlier p/r simulations.
However, the automatic pre-processing and the areal input parameter maps must not
mislead the user to perform quick p/r simulations without plausibility checks. Therefore it
is necessary to explain the practitioners the limits of the data and to teach them how to use
the data properly (see Figure 1).
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Introduction
Since early years, human install mitigation measures in torrent channels to reduce flood
risk. Prominent measures are attributed to channel regulations in settlement areas in order
to increase the discharge capacity. Channel regulations in torrents are often designed as
artificial trenches with smooth walls and stabilized streambed.
The calculation of the discharge capacity of these regulated torrent channels is an important
task for the delimitation of hazard zones or the design of protection measures. In torrents,
flow behaviour is characterized by a free surface flow and usually needs to be calculated
for bankful discharges with solid-transport (bedload and woody debris). In practice, the
flow resistance equation of Gauckler-Manning-Strickler (GMS) is often used to determine
flow velocity in regulated torrent channels. Uncertainties arise with the need of advisory
determination of the resistance coefficients kST taken from literature tables or expert
opinions.
In literature, the application of this equation is usually tested for bed slopes smaller than
about 0.03 m/m and moderate relative roughness (5<rh/ks<200), with the hydraulic radius
rh and the roughness height ks. Additionally, the empiric resistance coefficient kST also
depends on the channel form and the flow stage (Naudascher, 1992). Most research show
an increase of kST with change in flow depth, respectively. Thus, the determination of kST
in regulated torrent channels by means of tables has large uncertainties, but a calibration
by field data often lacks in the availability of field measurements. To overcome this
problem, it has been attempted to measure flow velocities and discharge directly with the
water flow meter OTT MF pro. These field data are then used to derive appropriate values
for the resistance coefficient (kST) of the GMS equation.
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Methods
The measurement facility is a handheld electromagnetic water flow meter with automatic
discharge calculation. It enables to measure the one-dimensional flow velocity and the
water depth at any point in the cross-section. Channel flow typically features a vertical and
lateral velocity distribution, with low velocities at the streambed and on the bank, and the
highest velocities in the middle of the cross-section just below the water surface. The mean
flow velocity is determined by measuring the flow velocity at different locations within the
cross-section.
Based on the measured mean flow velocity and the geometry of the cross-section (width,
bed slope and bank slope), the resistance coefficient kST is back-calculated and extrapolated
to flows with a hydraulic radius rh=1.0 m. This extrapolation is performed according to the
Darcy-Weißbach equation in combination with the logarithmic velocity profile, that is the
only sound method to estimate the energy loss in man-made open channels; for further
details see Moser et al. (2017).

Results and discussion
In Figure 1, the calculated resistance coefficients that are all determined for rh=1.0 m are
plotted as box-plots and against bed slope. The data are separated according to the channel
type with the three categories: i) natural channel bed with the side slope in placed rockfill
(rough), ii) natural channel bed with the side walls in stone masonry (smooth) and iii)
artificial bed and side walls in masonry.

Figure 1. Back-calculated resistance coefficients of the Gauckler-Manning-Strickler equation (kST) are
grouped into three different channel types and plotted against bed slope (left). The range of resistance
coefficients per channel type are given in boxplots (right).

The channel type i) is attributed as a natural mountain stream according to Naudascher
(1992). In literature, the kST-value of this channel type ranges within 25 to 28 m0.33/s, the
measurements reveal a mean kST-value of 21 m0.33/s, respectively. The channel type iii) is
associated with kST-values in literature of about 50 m0,33/s, which corresponds well with the
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mean of the back-calculated kST-values. However, the scatter of the back-calculated kSTvalues of channel type iii) ranges between 38 to 62 m0.33/s.

Conclusions
The resistance coefficient kST was determined in regulated torrent channels by means of
measured flow velocities. The ranges of obtained kST-values in similar channel types are
larger than the bandwidths given in literature (acc. Naudascher, 1992). In addition, the
mean kST-values in channels with natural streambed (i and ii) are slightly lower than the
literature values, but they correspond well with artificial streambed made in stone masonry
(iii).
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comparative study from Upper Styria,
Austria
Nicole Kamp1, Paul Krenn2, Stefanie Peßenteiner1, Michael Funder3, Oliver Sass4
Keywords: extreme precipitation, geomorphic response, LiDAR, change detection,
torrential catchments

Introduction
Sediment-laden torrential flooding events are among the most frequent geo-hazards in
Austria and lead to costs of several millions of Euros (€) every year (Oberndorfer et al.,
2007). Short and intense summer precipitation events in alpine regions know to trigger
torrent hazards such as flash floods, hyper-concentrated flows and debris flows. Empirical
observations and climate model simulations show that the intensity and frequency of
precipitation extremes increased in the last 100 years (Scherrer et al., 2016). This trend is
predicted to continue in the future, likely resulting in an increase to the number of
hazardous torrential processes is also likely to increase.
The effective design of protection measures is highly dependent on the analysis of past
extreme events. Studies are needed to ensure that these measures are adequate to protect
lives and infrastructure. The occurrence of hazardous hydro-geomorphic processes is
controlled by rainfall and also by the availability of sediment and the connectivity of
sediment deposits (hillslope-channel-coupling) among other factors (Hungr et al., 2005).
Repeated topographic surveys are used to assess hillslope-channel relationships and
quantify geomorphic work of different geomorphic processes in torrent systems. During
low-frequency high-impact events geomorphic process rates can increase by orders of
magnitude (Korup, 2012). The analysis of pre- and post-event high-resolution topographic
data is crucial for the understanding of sediment dynamics and changes in channel
morphology in torrential catchments. The aim of this study is to investigate the response of
three different torrent catchments to extreme precipitation and runoff events.
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Study sites
The three study areas are located in the Niedere Tauern, which are part of the Central Alps
in Austria, Province of Styria. The Schoettlbach catchment is dominated by mica-schist
and the proportion of quaternary sediment is around 20 %. The Lorenzerbach and
Schwarzenbach catchments are characterized by different gneiss, phyllite as well as schists
and a quaternary sediment share of approximately 50%. In the last decade all three
catchment were struck by heavy rainfall that triggered torrential events causing
considerable damage to human settlements and infrastructure, even though the catchments
have different geographical properties (see Table 1).
Table 1

Catchment area [km²]
Sea level of the estuary [m a.s.l.]
Sea level of the spring [m a.s.l.]
Main channel length [km]
Average channel bed inclination [%]
Mean aspect
Mean annual precipitation [mm/d]

Schoettlbach
70.5
815.0
1801.0
16.8
5.9
SW
737

Lorenzerbach
5.5
688.2
1864.1
6.4
18.3
NE
1172

Schwarzenbach
11.3
693.5
1948.2
8.4
14.9
NE
1172

Discharge 150 year event [m³/s] (Wundt)

165.0

34.1

40.4

Sediment load 150 year event [m³] (Zedlacher)

52,000

18,000

29,000

Buildings in red and yellow hazard zones

156

49

120

Date of event

08/04/2017

07/21/2012

07/21/2012

Point cloud – acquisition date

11/2018

08/2012

08/2012

Methods
High-resolution topographic data of the pre- and post-event data situation are available.
The point clouds of the Lorenzerbach and Schwarzenbach as well as the pre-event dataset
of the Schöttlbach catchment were collected with a Riegl – LMS-Q560 airborne laser
scanning system mounted on a helicopter. For the post-event point cloud, a lightweight
Riegl VUX-1LR mobile laser scanner mounted on a RiCopter (drone) was used in the
Schöttlbach catchment. All datasets differ in accuracy due to flight altitude, scan angle,
point density and footprint diameter. The same interpolation algorithm was applied for all
point clouds to guarantee their comparability. Geomorphic change detection (GCD)
analysis are performed to investigate sediment dynamics and estimate erosion and
deposition volumes.

Preliminary results and future work
The outcomes of the GCD analysis are compared with results of event documentations
done by the Austrian Service for Torrent and Avalanche Control. The calculated sediment
load for a 150-year flood event is based on the approach of Zedlacher (1986). The
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preliminary results indicate that this approach highly underestimates sediment output
during extreme events for all three catchments. Based on the analysis of surface models,
we aim to clarify the amount and origin of mobilized sediments, with the overarching
question whether intensified precipitation events under climate change conditions will
cause a shift of the torrential system towards higher sediment yields.
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Usage of large-scale hydrological
information for runoff estimation in
ungauged catchments
Klaus Klebinder1, Gerhard Markart2, Bernhard Kohl2
Keywords: hydrological scale; runoff estimation; ZEMOKOST; regionalisation

Introduction
While the estimation of peak discharge based on flood statistics is often applicable in
gauged catchments, alternative methods for runoff assessment have to be chosen in
ungauged (torrential) basins. The estimation of surface runoff factors is a recognised
method to characterise runoff behaviour. For these purposes different methods are
applicable like A) assessment of hydrological parameters based on available
(geo)databases B) including field data, C) field mapping or D) field experiments. Each
method is characterised by i) effort and cost as well as ii) quality and uncertainness.

Methods
Scale A: For the province of Lower Austria (appr. 20.000 km²) surface runoff map was
compiled based on existing maps of soil, vegetation, land use and geology. First
hydropedological parameters (θfc, k) were derived from soil information, afterwards a
simple storage/infiltration model was developed which considers precipitation (intensity,
duration), antecedent soil moisture and landuse/-cover properties. Scale B: In the southeast
part of A (appr. 2.000 km²) surface runoff map was generated by use of existing maps (see
A) and additional runoff- and site characteristics at 350 plots. Therefor a rule based
procedure was developed using a decision tree and statistical analysis. Scale C: At three
torrential catchments (1.9 up to 10.1 km²) the runoff map was assessed by the method of
field mapping using a guideline for surface runoff classification. Scale D: Sprinkling
experiments (80 m² plot size, rain intensity 100 mm h-1, duration 1h) carried out at 9 sites.
At each sprinkling site surface runoff was measured and soil properties were analysed.
To value the effects of the different runoff maps (A to C) on (peak) discharge estimation,
the event based precipitation-runoff model ZEMOKOST was used. Modelling results of
runoff map C were validated by runoff gauges or known runoff events. To compare the
results, scale C (mean values of the investigated catchments) was accepted as 100%.
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Results and discussion
The comparison of different runoff assessments shows a good correlation of the field
mapping results (C) and the sprinkling experiments (D). The correlation between the
regionalisation (B) and mapping (C) method is satisfactory. The mean regionalized runoff
factor (Ψ, Tab.1) range from 100 up to 109%. Regionalisation (B) could be confirmed at
50% of sprinkling sites (D) (at 90% of sites inside ± one class). Runoff maps (A) show a
higher variation in general, the mean runoff factor ranges from 114 up to 175%.
Table 1. Comparison of runoff assessment methods

The peak discharge (Qmax, Tab. 1) calculations indicating a relation to mean Ψ. Using map
B, peak discharge range from 100% up to 119%. For all investigated catchments the
discharge based on map A show a clear overestimation (125 up to 258%).
Sprinkling experiments, especially on large plots, are an appropriate method to get reliable
results about runoff factors. The comparison show, that field mapping can be a certain
procedure to get maps of runoff behaviour. However, this subject on skills to an integrative
assessment of natural inventory. Estimation procedures on regional scale (A and B) are
fraught with higher uncertainties. Large-area fail assessment cannot be ruled out, this is
especially in small catchments deciding. Furthermore, small sized diversity of the
environment is often not represented in available databases. Thus local variations can’t be
mapped.

Conclusion
The study indicates that large-scale hydrological assessment is an appropriate method to
produce cost- and time-saving input information for precipitation-runoff models. The
results show, that this data can be used for smaller meso-scale-catchments as well.
Unfavourable outliers cannot be excluded, especially for very small catchments. Field
mapping based on large scale maps helps to improve runoff assessment at the small-scale
and to minimise the risk of outliers. Each of the described methodical approaches has clear
advantages and limitations (quality, level of uncertainness vs. costs, operability). A
suggestion for best practise could be to substitute the common terms of hydrological scales
(micro-, meso- and macroscale) by the terms of experimental-, field mapping- and model/derived scale.

-2.
114 |

INTERPRAEVENT 2021 – EXTENDED ABSTRACTS

14th Congress INTERPRAEVENT 2021
Norway – Extended Abstract
www.interpraevent.at

Extended surface runoff coefficient
map East Tyrol
Bernhard Kohl1, Gerhard Markart2, Gebhard Walter3, Manfred Pittracher3, Johannes
Kammerlander3
Keywords: torrent hydrology, p/r modelling, surface runoff coefficient

Introduction
Sufficiently accurate input parameters are required for precipitation/runoff (p/r) modelling
of flood events especially in ungauged basins for which these data cannot be calibrated. A
large number of models, including the event model ZEMOKOST, which is widely used in
Austria, use on the one hand a kind of loss factor for the calculation of runoff formation
and on the other hand friction or roughness parameters for the calculation of runoff
concentration. If not only the surface is to be investigated with a p/r model, which is often
absolutely necessary with increasing catchment area size, these two factors are required for
both the surface and the subsoil (table 1).

Methods
The Austrian Research Centre for Forests BFW has decades of experience in
hydropedology. A database with more than 430 rain simulations on the slope scale (>
50 m²) together with a multitude of further soil physical investigations forms the basis for
the assessment of surface loss and surface friction for different hydrological response units
(HRU) in torrential rain. Based on different land use data (forest typology Tyrol, digital
soil map Austria, infrastructure data etc.) in total, 367 different HRUs were distinguished
for the whole area of East Tyrol (2,021 km²). For the hydropedological evaluation of each
of these types, a field guideline according to DWA - Working Group "Hydropedological
mapping instruction" was used (DWA, 2019). This set of rules allows an evaluation of
runoff processes on the basis of soil profile studies. The results were validated with the
BFW artificial rainfall database. In this first step two detailed maps, a surface runoff
coefficient map and a surface roughness map, were derived as an independent input for the
ZEMOKOST p/r model.
In a second step, hydrogeologically different process types were assessed according to their
potential contribution to a torrent event. This typing is based on an existing hydrogeological
map of East Tyrol. The methodology of the derivation of subsoil loss is presented by Straka
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et al. (2020). By inverse modelling of distance velocities, it was possible to derive p/r model
independent subsoil friction factors and to validate them with own measurements and
literature values.
tab.1: Parameters and factor overview.
Factor
ZEMOKOST Parameter
Example for other models
Surface loss
Surface runoff coefficient class e.g. max. potential rainfall loss
SRC
Surface friction Surface roughness class RCC
e.g Manning n
Subsoil loss
Interflow portion IFP
e.g. subsoil storage volume
Subsoil friction Interflow factor IFF
e.g. subsoil storage coefficient
K

Results and discussion
Four detailed maps are now available as a-priori parameters for the p/r modelling of torrents
in East Tyrol, a surface runoff coefficient map, a surface roughness map, a map of interflow
portion and an interflow factor map. The data complex has been successfully validated in
twelve different torrent catchments. The newly derived data were tested just as positively
against older mappings as against new data from recent field surveys. The generated data
are compatible with an interface of the torrent and avalanche register (WLK; Austrian
Forest Engineering Service for Torrent and Avalanche Control). Detailed results are
presented by Kammerlander et al. (2020).

Conclusions
Compared to the basics used so far, a significantly improved and reliable a-priori data set
for p/r simulations with the ZEMOKOST model was developed for the entire area of the
province of East Tyrol. These standardised input parameters, for both surface runoff and
subsurface flow, will make it possible to significantly improve the accuracy and plausibility
of p/r model calculations for torrents in the future. This extended basis enables the
assessment of the hydrologically dominant processes at the catchment-scale and can be
used as an a-priori data set for p/r simulations that focus on peak runoff events. These
parameters can also be translated into comparable input factors of other p/r models. Due to
the positive experiences made in East Tyrol, the methodology is currently applied to the
total area of North Tyrol.
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Introduction
Delayed reforestation of gaps and openings in protection forest, e.g. because of browsing
by game, is observed by practitioners of the Forestry Services in North- and South Tyrol.
In order to investigate the effects of delayed reforestation on natural hazards, especially
runoff formation in Alpine catchments, the Interreg-ITAT4041 project BLÖSSEN was
started. Two alpine catchments of comparable size were chosen one in North Tyrol
(Istalanzbach near See in the Paznaun Valley) as well as in South Tyrol (Tanaserbach in
the Vinschgau Valley), where rainfall irrigations experiments under forest and deforested
areas were performed and then each experiment was used to calibrate and apply a
physically-based hydrological model to estimate the seasonal water balance.

Methods
To measure the runoff behaviour during heavy rainfall events, rainfall simulations were
carried out at six representative plots for each of the two test catchments thereof three
representing stocked and three unstocked areas. For this purpose, a transportable spray
irrigation installation was used irrigating 50 m² per plot with an intensity of 100 mm h-1,
which corresponds to a heavy rainfall event in the test areas.
In order to record seasonal effects of forest on soil moisture, soil water content AcclimaSensors have been installed under forest and on deforested areas, as well as a weather
station in each catchment. Moreover, a detailed survey of vegetation and soil characteristics
was carried out.
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Modelling with the physically-based model GeoTop1,2 takes place on two levels. First, the
model is calibrated using the rainfall simulations. Afterwards for each rainfall simulation,
the seasonal water balance during a summer season is modelled and validated with the
measured soil moisture values.

First results and discussion
The results of the twelve rainfall simulations show a wide range of different runoff
coefficients (amount of surface runoff related to the amount of precipitation). In deforested
areas from no runoff up to higher runoff coefficients compared to the areas under forest,
where a more uniform behaviour was observed, with a range from no runoff up to lower
runoff coefficients. This can be supported by other entries in the rainfall simulation
database of the Austrian Research Centre for Forests. The comparison of the modelled and
measured runoff curve shows good concordance for all plots in the maximum runoff
coefficient but a retarded rise of the modelled surface runoff, whereby the parameterization
of conductivity parameters plays a decisive role for the outcome. The delay of the modelled
response could be also related to preferential flow effects near the surface, which are not
yet taken in consideration by the model.
To validate the results, soil moisture measurements were taken into account. The same
moisture profile can be shown for measured and modelled values, even if there is a bias in
values (figure 1), this could be related to the definition of a suitable water retention curve
in the model.

Figure 1. Soil moisture measured (Acclima TDR) and modelled (GeoTop) for the summer months on a
test area in South Tyrol covered by grassland.

For the calculation of the seasonal water balance, vegetation effects can be shown for the
different units. The positive effect on runoff formation of forest can be shown especially
due to the seasonal effects. The final results of the Interreg-ITAT4041 project BLÖSSEN
will be available in spring 2020.
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Introduction
Continuous measurements for bedload and washload are significant to understand sediment
runoff characteristics in a basin. Uono River is a right tributary of Sinano River, which is
the longest river in Japan, and has 1,519 km2 in catchment area of basin and 66.7 km in
length. The river has several tributaries, and there are two observatories, which are
Oonohara and Tsuchitaru, along a main river of Uono River and is an observatory in Imo
River, that is named as Ryuko. Monitoring is including after the Chuetsu Earthquake on
October 13th 2004 and some heavy rainfall events occurred on July 13th 2004, July 26th
2011 and June 30th 2017. Present study shows sediment runoff through long-term
monitoring during around ten years at Oonohara and Ryuko observatories, and yearly
changing after events such as earthquake and heavy rainfall.

Bedload and washload measurements
Bedload measurements were started since 2004 using pipe-hydrophone, Reid type bedload
slot [Reid et al,. 1980] for bedload and pressure sensor at Oonohara observatory. Washload
measurements were started since 2011 using a turbidity meter, a pressure meter at Ryuko
observatory. Washload measurements were also carried out after the earthquake at
Koimokawa-oohashi about 1.1 km upstream of Ryuko observatory. Annual changes of
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sediment runoff are evaluated focused on the relationship between water and sediment
discharge rate.

Results and discussion
Bedload discharge increases and has periodical tendency in every 4 years after heavy rain
events. Because data which plotted annually in the relationship between water and bedload
discharge rate shows runoff delay during around 4 years needs to transport bedloads just
after flood events there. Washload runoff in Imo River decreases year to year, because a
lot of attempts have been carried out such as hillside works and so on after the earthquake
on 2004, though the magnitude of washload is over than that of previous data in Japan
[JSCE, 1999] (Figure 1). The relationship between water and washload discharge rate are
shown in Figure 1.

Figure 1. Relationship between water and washload discharge rate at Imo River. This figures show the
relationship between water and washload discharge, The dotted lines those equation in the figure
indicate the upper and lower limits of previous measurement in Japan [JSCE, 1999] and the solid f
upper limit of deta at Koimokawa-ohashi on 2005.

Conslusions
Bedload runoff along a main river has a periodical tendency year to year, that is almost
every 4 years after events, through the monitoring during 15 years at Oonohara observatory.
Washload runoff surely decreases year to year in Imo River because of several works for
landslide, which are completed in 2017. Through those long-term measurements for
bedload and washload, applied basin management can be discussed with continuous
sediment monitoring tools.
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Introduction
Large-scale sediment production that results from landslides due to heavy rainfall in
mountainous areas affects environments downstream, including those on the coast and in
the sea. Information about the amounts and sources of suspended sediment is fundamental
to the management of sediment from mountains to seas, i.e., in source-to-sink sediment
dynamics systems. Fingerprinting techniques have been applied to quantitatively identify
the sources of fine sediment (typically <0.063 mm in diameter) discharged from a
watershed into the sea (e.g., Walling, 2005). We developed a fingerprinting method using
radioisotopes and applied it to the estimation of sources of suspended sediment for a single
storm event (Mizugaki et al., 2012). The present study examines the effectiveness of the
method on large-scale sediment production events caused by four typhoons in Aug. 2016
in a coastal catchment of Hokkaido.

Methods
This study was conducted in the Saru River basin of Hokkaido, northern Japan. The study
basin is classified into six lithological groups: sedimentary rock (Group A) at the middle
and lower reaches; metamorphic rock (Group B) at the middle reaches; and accretionary
complexes dominated by basalt blocks (Group C-1), volcanic rock (Group C-2), and
sedimentary rock and melange matrix (Group C-3), and plutonic rock (Group D) at the
1
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upper reaches. Four typhoons brought heavy rainfall to the basin: 350–400 mm of total
rainfall in the first three typhoons and 400 mm in the last typhoon. Because the dominant
rain area during the last typhoon differed from that during the first three typhoons, we
compared the two periods in terms of sediment discharge and sediment sources. The annual
amounts of sediment discharge were estimated by turbidity observation. The observation
period was from Apr. to Nov. each year because of snowfall and ice formation in the river
during winter. SS were collected by direct sampling of river water during storm events and
a time-integrated sampler. The concentration of radionuclides (212Pb, 228Ac and 40K)
associated with SS were determined by gamma-ray spectrometry to calculate the
contribution by each of the six lithological groups to SS (Mizugaki et al., 2012).

Results and discussion
The annual amount of SS (2.7 × 106 tons/yr) in 2016 was 7.7 times the mean value of SS
from 2011–2015 (0.35 × 106 tons/yr). 88% of the annual amount of SS in 2016 resulted
from four typhoon events: 57% of that 88% from the first three typhoons, and 43% of that
88% from the last typhoon. For the first three typhoon events, the contribution of Groups
A and B to total SS was greater than that of the other groups (31% and 40%, respectively).
In contrast, for the last typhoon event, the contribution of Groups C-1 and C-3
predominated (34% and 55%, respectively). These results suggest that for the former
events, the suspended sediment was supplied mainly from areas represented by easily
weatherable lithologies, whereas the source areas during the latter event were represented
by significant bank erosion at the upper reaches (Fig. 1).
$

%

&
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Figure 1. Bank erosion caused by the storm event associated with the last typhoon (Lionrock) in Aug.
2016 at the upper reaches of the Saru River. A, B: Shallow landslides, disturbance of stream channel
and bank erosion at a headwater area of the Pankenushi River, a tributary of the Saru River. C, D: Bridge
and road collapses by flooding and bank erosion at the upper reaches of the Saru River (Photos:
Hokkaido Regional Development Bureau, MLIT).
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Conclusions
The storm events of four typhoons in August 2016 caused suspended sediment to be
supplied to the sea at one order of magnitude greater than the annual suspended sediment
supply from 2011 to 2015. Significant differences in dominant source areas of suspended
sediment were found during the storm events according to rainfall distribution by the
fingerprinting technique, which can be a useful tool for quantitatively monitoring the
sources of suspended sediment for sediment management in source-to-sink sediment
dynamics systems.
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Introduction
One of the main objectives of the monitoring of suspended sediment (SS) at the regional
scale is the estimation of sediment yields and budgets. In South Tyrol (Italy), SS monitoring
has been included in the institutional activities of the Hydrographic Office of the Civil
Protection Agency. From 2014 onwards, an acquisition network based on the already
existing gauging stations network has been progressively implemented and currently
consists of 7 measuring stations. For the selection of the suitable sites, preference was given
to those gauging stations which, due to their proximity to the main hydrographic sections,
guarantee reliable results in terms of SS yields for the corresponding water bodies in
accordance with the EU Water Framework Directive (WFD). In this work, the monitoring
strategy and the sediment yields of the two main water courses flowing in South Tyrol –
the Adige River and its main tributary, i.e. the Isarco River – estimated for the year 2018
are presented.

Methods
The applied monitoring strategy stems from the guidelines issued by the Austrian Federal
Ministry for Agriculture and is based on a combination of direct and indirect
methodologies. An optical sensor continuously measures the turbidity at a point in the
channel cross-section near the riverbank and is calibrated by water samples taken close to
the sensor. The samples are collected both manually and by an automatic pumping sampler
which is activated based on predefined turbidity and turbidity gradient values. In addition,
direct measurements by using crane-mounted samplers are carried out to determine the SS
distribution along the flow cross-section. All water samples are analysed in the laboratory
through vacuum filtration to obtain the sediment concentration, which is expressed in terms
of sediment mass per measured volume of water-sediment mix (mg/l). Using two correction
factors – relative to probe calibration (ks) and to cross-sectional variability (kp) – it is
possible to reliably document the temporal variability of SS transport and to estimate the
SS load at the monitored sections (Haimann et al, 2014). Three sections are analysed herein:
two of them lie near the city of Bolzano, consisting of the gauging stations located at “Ponte
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Adige” on the Adige River and at “Bolzano Sud” on the Isarco River, while the third section
is located at “Salorno” on the Adige River few kilometres after its confluence with the
Isarco (tab.1). As the sediment input and net erosional processes occuring between Bolzano
and Salorno are negligible, this latter section can be used for an initial validation check of
the SS loads estimated for the Upper Adige and the Isarco. Once validated, the combination
of these datasets will permit to determine the relative contribution of the Upper Adige to
the total SS load.
Table 1. Main characteristics of the river basins.

Adige - Ponte
Adige

Isarco Bolzano Sud

Adige - Salorno

2705

4190

7146

Glacierized Area 2006 [%]

2,9

0,9

1,3

H min [masl]

237

235

206

H max [masl]

3905

3510

3905

Q mean [m3/s]

56,7 (1926 – 2018)

91,6 (2004 – 2018)

166 (2018)

Catchment Area [km2]

References
The results relative to the year 2018 indicate that the SS load in Salorno equalled about
1100·103 t, whereas summing the SS loads at Ponte Adige and Bolzano Sud the value turns
out to be lower, i.e. 825·103 t. As said above, the absence of significant tributaries
downstream of Bolzano and discarding the possible role of an important erosion of the
riverbed, the most realistic hypothesis is the SS load underestimation for the Isarco River
at Bolzano Sud. Indeed, for this section only one sampling campaign was carried out to
compute the kp factor. Possibly, the underestimation was exacerbated by the 2018 October
flood (recurrence interval ~30 yr), which was responsible – over 7 days – for 67% of the
total SS load of the Isarco in 2018 (for the Adige at Ponte Adige the same flood event
transported 15% of the annual load). Furthermore, it is possible to identify other periods,
such as June 2018, during which the net difference at the node (i.e. sum of SS loads at
Ponte Adige and Bolzano Sud minus the SS load at Salorno) is approximately null, as well
as single days characterized by lower SS loads measured in Salorno which could be
determined by a net deposition occurring between the Adige-Isarco confluence and Salorno
(fig.1).
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Figure 1. Daily suspended sediment load [t] and discharge [m³/s].

Conclusion
A reliable quantification of the SS load in relatively large rivers such as the Isarco and the
Adige requires an accurate estimation of the cross-sectional correction factor, which needs
to be based on an appropriate number of direct measurements taken at different river stages
and seasons. In the future, further years of SS monitoring in the Adige river basin will allow
us to evaluate whether different, time-varying correction factors could bring improvement
to the assessment of the SS loads and to the resulting SS budgeting.
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Landslide Propagation Modelling for
Hazard Assessment
Herwig Proske 1, Christian Bauer 2, Nicole Kamp3, Andrea Danklmaier4, Christoph König5
Keywords: Hazard Maps, landslides, propagation modelling, spatial planning

Introduction
Using funds from the Austrian Programme for Rural Development, hazard maps for
landslides in the municipality of Feldbach (Styria, Austria) were compiled. The main
objective was to develop a hazard information system for landslides providing hazard maps
for spatial planning purposes. Due to geological as well as meteorological conditions,
landslides are among the dominant geomorphological processes in almost the entire
southeast of Styria. The area is characterized by loose neogenic sediments with alternating
layers of sands, silts, clays, marls and gravels as well as a high intensity of local
precipitation events. While the majority of landslides have rather low velocities, in the area
of steep slopes there is also the probability of shallow mudslide-like, rapid movements
(hillslope debris flows).
Three types of gravitational mass movements were analysed:
1. deep permanent landslides and slope creep with low rates of motion;
2. spontaneous landslides with medium depths (approx. 3 to 10 m);
3. rapid, shallow landslides and hillslope debris flows
The presented study focusses on such rapid movements and its possible propagation paths.

Methods
Available geospatial information was collected, including geology, land cover/land use and
various topographic indices based on ALS-DTM. Compilation of landslide inventories
included (i) mapping landslides on the basis of ALS-DTM and field surveys, (ii)
consolidation of available landslide inventories (e.g. geotechnical reports, zoning plans)
and (iii) engaging local stakeholders (especially for historic landslide information).
For the identification of possible release areas, deterministic modelling (SINMAP
approach) was combined with statistical methods (logistic regression).
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The propagation area was determined by using (i) a stochastic process path calculation and
(ii) a two-parameter friction model for the process length estimation. The parameters used
are a coefficient of friction and a mass-to-drag ratio (Wichmann, 2017). Input parameters
were calibrated and validated on the basis of past, well documented landslide events.
The hazard potential results from the probability of occurrence and the intensity of the
landslide. While the probability of occurrence was primarily estimated on the basis of
precipitation thresholds, the intensity was assessed on the one hand according to the
thickness of the presumably mobilizable layer and on the other hand according to the
dynamic pressure in the transit and deposition area. The thickness of the mobilizable layer
was modelled using the approach from Duarte de Menezes et al. (2014). The dynamic
pressure was derived from the product of velocity and density. In a rough approximation,
a uniform value can be assumed for the density. Ultimately, only the speed and the involved
thickness would be decisive for the dynamic pressure.
The hazard degrees for mass movements were determined using an intensity-probability
diagram.

Results and discussion
The hazard maps show the possible effective areas, relative probabilities of occurrence and
the hazard levels of landslides (Fig. 1). The cartographic representation is supplemented by
instructions for action for the municipality and the spatial planning department.

Figure 1. Detail of Hazard Map for rapid, shallow landslides and hillslope debris flows (A) and Photo of a
shallow landslide (2019) in an area modelled as significant hazard (B).

Conclusion
Hazard maps for landslides represent an essential planning tool for local and regional
authorities. In connection with the ongoing climate change and its unpredictable effects on
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precipitation, the importance of such planning tools will even increase in the future.
Politicians and local stakeholders who take up this challenge demonstrate their vision and
sense of sustainable thinking.
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Comparing different approaches for
debris flow velocity estimation at the
Lattenbach and Gadria catchment
Andreas Schimmel 1, Johannes Hübl 2, Velio Coviello 3
Keywords: infrasound; seismic signals; debris flow; process velocity; debris flow radar

Introduction
Debris flow velocity is an important variable to design early warning systems, because the
temporal scale is for setting appropriate warning and evacuation actions. This work
presents different approaches to estimate debris flow velocity, and these were evaluated at
two catchments: the Lattenbach (Tyrol, Austria) and the Gadria (South Tyrol, Italy). To
this aim, the seismic and flow stage data recorded during several debris flows at these sites
have been used and compared against flow velocities measured by a debris flow Doppler
radar.

Test sites
The Lattenbach Creek (district of Landeck, Tyrol) has a catchment area of 5,3 km² and is
a monitoring site for debris flows operated by the Institute of Mountain Risk Engineering
(BOKU). Three monitoring stations are installed along the channel, and these are equipped
with flow height (radar gauges), geophones, video cameras, 2D-Laser scanner and
meteorological monitoring stations. At the middle monitoring station, a debris flow PulseDoppler Radar can be used for measuring the surface velocity. Near this radar, two stations
for testing warning system based on infrasound and seismic sensors are installed at a
distance of 90 m. This detection systems consists of one infrasound sensor, one geophone
and a microcontroller, where a specially designed detection algorithm is executed which
reliable detects events in real time directly at the sensor site. The geophone data of these
two stations are used to estimate the velocity of debris flows.
The Gadria-Strimm basins are located in the Vinschgau-Venosta valley, in the Northeastern Italian Alps. The Gadria has a catchment area of 6,3 km², ranges in elevation from
2.945 m a.s.l down to 1.394 m a.s.l and is characterized by a regular debris-flow activity.
The monitoring system consists of rain gauges, flow stage sensors, geophones, video
cameras, piezometers and soil moisture probes. Debris flow depth is monitored by radar
sensors installed at three cross-sections along the main channel. A linear array of geophones
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is used for event detection based on a STA/LTA algorithm and this geophone data can also
be used to calculate the velocity.

Methods
Two different methods are available for velocity measurement at Lattenbach and Gadria:
•

Time-distance method:

By this method the velocity is calculated as the distance between two stations along the
channel measuring flow height or seismic amplitude divided by the time difference of the
two signals calculated from surge signal onset, maximum, or by cross correlation. The
result of this method is a mean surge velocity (celerity).
•

Pulse Doppler Radar method:

This method calculates the velocity from the frequency shift of a pulse-modulated highfrequency reflected radar signal, which is proportional to the velocity of the moving object
(Doppler effect). The detection area is divided in different range gates and the result is an
instantaneous surface velocity distribution (velocity spectrum) for each range gate.

Results test site Lattenbach
Figure 1 shows an example for velocity estimation of a debris flow at Lattenbach occurred
on 10 Sept. 2016. It compares five different methods for velocity estimation for the first
800 s of the event:
•

Debris flow Radar (max. velocity, mean velocity)

•
Time-distance method: Geophone (distance 90 m; max. amp. / cross correlation (100
samples))
•

Time-distance method: Stage sensors (distance 45 m; surge onset)
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Figure 1 Comparison of different velocity estimation methods

Conclusions
This work shows that important differences may be observed in the debris flow estimation
among the different methods deployed. The optimal distance between the sensors, the best
sample rate for cross correlation, or the analysed frequency range has an important
influence of the quality of the results. So further research on different events and sites will
be necessary to get a robust velocity estimation method.
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Monitoring and forecasting the
Veslemannen rock slide

Ingrid Skrede1, Lars Harald Blikra2, Lene Kristensen2, Einar Anda2, Gustav Pless2,
Gudrun Dreiås Majala2, Andreas Grøvan Aspaas2
Keywords: Veslemannen, Monitoring, Rockslide, forecast

Introduction

The 5th of September 2019, large parts of the monitored unstable rock slope Veslemannen
in Romsdalen failed, becoming the first forecasted rock avalanche in Norway.
Åknes/Tafjord Beredskap IKS and later The Norwegian Water Resources and Energy
Directorate had monitored the slope for five year in total, setting hazard level at all times
so that houses in the potential run-out zone was evacuated and trains
stopped or regulated when the hazard level was red.

Methods

Hazard-level and forecasting of the rockslide was set using inverse velocity. A Lisalab
ground based InSAR radar from Ellegi srl was the main instrument monitoring
displacement, but other instruments like extensometers, traditional web cameras,
deformation web cameras and LIDAR contributed with displacement data. Geophones
indirectly recorded rock fall activity, and at red hazard level the civil defence kept record
of observed rock falls from the rock face. A meteorological station recorded the weather,
and temperature loggers were for a period placed in the moving area. The University of
Oslo used this to make a temperature model for the area and Antonio Abbelan (The
University of Leeds) made a model linking movement and precipitation. Comparison of
digital terrain models, made by photogrammetry, gave volume of the failed masses. When
performing the run-out zone assessment, simulations from different models (HY-STONE,
Rocky for 3D, Flow R) was part of the data used for the evaluation.

Results and discussion

During the years of monitoring, parts of the area moved more than 20 m, and velocities
larger than 1.8 m/day was measured. There was several acceleration phases (figure 1).
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Figure 1. A)Data from the Lisalab ground based InSAR radar show the moving area and the
displacement the two days prior to failure. B) The displacement got larger every year, in all the parts of
the rock slide. C) The displacement camera show that the upper part was moving more than the lower
part, but during the two days before the failure the velocity was almost the same in all the parts of the
moving area. D) A geological model show that the lower parts was more intact than the rest of the area,
and this area needed to fail to get the rock avalanche.

There was a clear seasonal variation in the movement. Movement started slowly during the
snow-melt, and the velocity increase during rainfall events in the fall. After every event,
the velocity slowly decreased or continued moving with a constant velocity, and the slope
got more and more sensitive to rain. As it got colder, and precipitation came as snow, the
velocity slowed down. This shows that water was the most important outer constraint/factor
controlling the displacement, but that there was also a temperature effect since it did not
have that high velocities during the snowmelt.
Displacement increased every year, being 1 m in 2015, and 10 m in 2018 in the upper part
(figure 1). This seems to be caused by the fatigue of the rock slope since the difference in
yearly precipitation, temperature and frost in the ground was quite similar from year to
year. The days before the failure it was hardly no precipitation, but the velocity kept
increasing. The velocity became almost equal in the upper and lower part of the slope,
which was in contrast from the former movements, when the upper part moved 8th times
faster than the lower parts (figure 1).
When the front eventually failed, the masses behind followed. The volume of the main
event was 54 000 m3, but 15 000 m3 failed prior as rock falls and small rock avalanches.
That was the 16th time the hazard level was red and people were evacuated. Luckily, there
was no damage to houses or infrastructure.

Conclusions

Veslemannen was a rainfall and temperature driven rockslide, which weakened over time
due to large displacements. At the end, it was so weak that it continued to accelerate, despite
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little precipitation. It was possible to use invers velocity to predict the rockslide, but it was
challenging due to the high velocity and the quick reaction to precipitation. It seems to be
important to look for the time when it is so weak that it is no longer driven of outer
constraint to predict the time of failure. The case has given valuble insight and experience
of monitoring an unstable rockslope, not only in forecasting, but also for communication
and risk management.
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Examples on Practical Use of Drone
Technology in Flood- and Avalanche
Hazard Management
Simon Sørli 1, Kjetil Indrevær 2, Grete Aalstad 3, Paul Christen Røhr 4, Tore Leirvik 5, Toril
Hofshagen 6
Keywords: drone,photogrammetry, flood management, landslide, quick clay.

Introduction
The Norwegian Water Resources and Energy Directorate (NVE) is responsible for the
management of Norway’s water and energy resources. NVE works to prevent and reduce
the risk of flood- and landslide hazards, and plays a key role in emergency response related
to such hazards.
NVE has established a drone fleet equipped with commercially available, low cost,
unmanned aerial vehicles (UAVs) with high-resolution visual light cameras. Drones allow
documentation of large areas in a short time, including areas that are not otherwise easily
accessible. The imagery data can be used to safely assess critical points of interest during
(and after) flood- or landslide events. In addition, overlapping images may be used to
produce 3D digital surface models using photogrammetry techniques. Such surface models
are useful for quantifying erosion and deposition of mass after an event, hydraulic
modelling and for designing flood- and landslide protection measures.
This abstract introduces three case studies from southern Norway where NVE successfully
have deployed UAVs as a part of landslides and flood events.

Case study 1: Flood-related erosion and deposition
in Kvam
The settlement of Kvam experienced extensive flooding due to heavy rainfall in both 2011
and 2013. As a result, NVE implemented several measures to mitigate the impact of
flooding and limit sediment transport in the river Veikleåa, including a 12 m high retention
dam upstream Kvam (Fig. 1a). The dam was completed in 2017 and by 2018 sediments
had accumulated upstream the retention dam to such an extent that plans to remove the
surplus sediments was initiated. NVE deployed a drone and with the use of
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photogrammetry calculated the surplus sediments to c. 11.400 m3 (Fig. 1b). Contractors
later removed 10.600 m3 of sediments (not completely restoring the riverbed back to 2017conditions), demonstrating that volume estimates using a drone and photogrammetry
techniques are sufficiently accurate for NVE’s purpose.

Figur 1. a) Photo of the sediment retention dam upstream the settlement of Kvam. b) Overview of
accumulated sediments during the 1-year period after its completion. c) Photo of erosion, deposition and
creation of new water channels after the flooding affecting the river Skjøli. d) Flood event map showing
points and features of interest related to the flooding event used for further planning. e) Shadow relief
image of LIDAR data covering the quick clay slide area triggered in Sørum in 2016. f) Overview of vertical
movement in the landslide area in the two-year period after the landslide (Dec. 2016 – Dec. 2018).
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Case study 2: Skjøli
Skjøli, a river in Sjåk, suffered flooding in October 2018 caused by rain, sudden increase
in temperatures and heavy winds that led to extensive snowmelt in the upstream mountains.
The flooding caused severe erosion, damage on buildings and roads and deposition of
sediments and rafted wood in the riverbed. This caused the formation of new river channels
on the alluvial fan situated in the downstream part of the Skjøli river (Fig. 1c).
Images and videos from the drone were used in combination with field observations to
produce a flood event map showing points and features of interest related to the event (Fig.
1d). The event map was then used to plan and design further flood mitigation measures.

Case study 3: Quick clay landslide in Sørum
In November 2016, a quick clay landslide measuring c. 300 x 200 meters was triggered
within the council of Sørum. The mobilised clay channelled into a stream valley, crossed a
public road and continued to follow the stream valley downstream for about 800 metres.
Three people perished in the incident; two of which are still missing. Figure 1e shows a
LIDAR survey of the area collected only days after the landslide.
In 2018, NVE used a drone and photogrammetry techniques in order to document any
additional movement of mass in the landslide scar in the two-year period after the event
(Dec. 2016 – Dec. 2018). Results show that natural processes affecting the area included i)
continued slumping and toppling along the main scarp of the landslide, gradually
decreasing the scarp gradient and ii) a general subsidence in areas of deposition of c. 0.5
metres, likely due to the escape of water from the clay over time (Fig. 1f).
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Back-calculation of the Mjåland
debris flow in 2016 and importance of
post-event field surveys
Hervé Vicari1, Steinar Nordal2, Vikas Thakur3
Keywords: debris flows; entrainment; RAMMS; Voellmy rheology

Introduction

This paper aims to back-calculate a documented debris flow, in Mjåland (Norway),
happened on 2nd June 2016. After a period of intense rainfalls, a landslide was triggered
by mobilization of vegetated soft soil and talus cover. The depth of the initial landslide has
been estimated, during a field visit in June 2019, to vary between 0.5 and 1.5 m, for a total
release volume of approximately 2100 m3. This initial landslide was then flowing
downslope, confined by a narrow channel. During this phase, it could erode approximately
16800 m3 of soil, rocks and trees in the channel. Finally, the material deposited to form a
fan, 2 m deep in average, for a total volume of approximately 20000 m3.

Methods

The 2016 debris flow event was back-calculated using RAMMS (Bartelt et al., 2013).
Voellmy rheology is implemented in RAMMS and a fixed value of the earth pressure
coefficient, equal to 1, is used. The entrainment model in RAMMS is based on field
observations at the Illgraben channel (Switzerland). The maximum erosion depth is
proportional to an average erosion depth (dz/dτ=-0.1 m/kPa) and to the bed shear stress,
when a critical shear stress is exceeded (τc=1 kPa). Erosion rate is constant and is defined
by a specific parameter (dz/dt=-0.025 m/s). The erosion depth in the upper part of the
channel was limited to 1 m, due to the observed presence of the bedrock. The input data to
run the numerical simulation in RAMMS are: a 2 m resolution DTM (pre-event); blockrelease volume (based on the field study) subtracted from the DTM; Voellmy’s rheological
parameters (friction coefficient, μ, and turbulence coefficient, ξ).

Results

Several simulations were run, varying the two Voellmy’s parameters: the corresponding
total eroded volume (Figure 1) and deposition shape (Figure 2) were compared to the field
observations. Among all the simulations, the couple of parameters μ=0.17 and ξ=150 m/s2
is able to accurately simulate the total field-estimated erosion volume. Also, the deposition
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shape and thickness are similar to the observed ones. The simulated deposit shows,
however, more lateral spreading, which might be due to the choice of the earth pressure
coefficient and to the neglected confining effect of trees.

Figure 1 influence of friction and turbulence coefficients on total eroded volume
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Figure 2 deposition area observed in the field and simulated numerically

Conclusions

The choice of the best-fit parameters strongly depends on the availability and accuracy of
field data. For instance, changing the estimated eroded volume would lead to quite different
results in terms of rheological parameters. For a better estimation of eroded and deposited
volumes, field surveys should be carried out after the event: in particular, the availability
of a post-event DTM would allow to determine precisely the erosion depths and deposition
heights. Finally, when analyzing the results, it should be taken into account that RAMMS
does not consider the influence of trees on entrainment, transport and deposition processes.
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Life cycle assessment (LCA)
modelling of alpine natural hazards
protection structures
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Background
The consequences of climate change are forcing society to develop adaption and mitigation
strategies in different kind of working fields. In view of these challenges it can be stated
that climate change has comprehensive effects on the entire field of civil engineering.
Optimizing the life cycles of different services and products is becoming increasingly
important. Besides, not only scientists, but also engineers and economists, are interested in
the application of life cycle assessment (LCA) models. LCA has become something of a
certificate for more ecologically produced products and more sustainable services. In the
field of civil engineering construction, this method has become an important tool for
assessing the environmental burdens of any construction site and enabling to have another
basis of argumentation for “greener” ways of building. Whereas the method of LCA has
already been well established in the field of building construction, LCA is missing for
conventional as well as soil bioengineering structures in the field of alpine natural hazards
protection structures. This paper focuses on the development of an environmental LCA
model for such structures. A first model for application has been developed in the frame of
a research project at the University of Natural Resources and Life Sciences, Vienna, Austria
funded by the Austrian Climate Research Program (ACRP).

Method
To assess the use of energy, and detect potential environmental burdens, the concept of
Life Cycle Assessment (LCA) has been developed and described in the standard EN ISO
14040. Different models of LCA have already been in use for specific products and
processes. LCA models are procedures for a better understanding of the environmental
impact of products or services (both manufactured and consumed). The objective of an
LCA is the compilation and evaluation of the inputs, the outputs and the potential
environmental impacts of a product system throughout its entire life cycle: production and
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acquisition of raw materials, the production/construction of the product, the
use/maintenance and the end-of-life treatment, recycling and the final disposal.

Figure 1. The objective of an LCA is the compilation and evaluation of the inputs, the outputs and the
potential environmental impacts of a product system throughout its entire life cycle: production and
acquisition of raw materials, the production/construction of the product, the use/maintenance and the
end-of-life treatment, recycling and the final disposal.

The aim is an ecological assessment of various alpine protective structures regarding the
energy demand and the global warming potential. The basis for this is a life cycle
assessment (LCA) model, which depicts the energy balance and the carbon footprint
including the extraction of materials, the construction of the structures and the maintenance
of the structures.

Case study
In the case study located in the catchment of the Oselitzenbach, a section with consolidation
check dams in timber and concrete was chosen. Data collection of the regional construction
management provide basis data for the LCA. Construction site facilities, and secondary
construction works were assumed at the same label for comparability of both kind of check
dams.

Results
The results indicate that in most cases the wooden structures (alternative H1, H2) show a
lower energy demand in the construction phase (see (1) in the following figure) than the
concrete structures (alternative B1, B2). However, the energy balances change as soon as
we consider the construction’s life span of 80 years because the wooden structures must be
built twice compared to the conventional concrete structures which need simply
maintenance (see (2) in the following figure). Therefore, regarding the cumulative energy
demand and a scenario with higher transport distances considering the time period of 80
years the concrete structures show better results than the wooden structures (see (3) in the
following figure). This demonstrates that wooden structures are not necessarely always the
ecological alternative.
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Figure 2. The results indicate that in most cases the wooden structures (alternative H1, H2) show a
lower energy demand in the construction phase (see (1) in the following figure) than the concrete
structures (alternative B1, B2). However, the energy balances change as soon as we consider the
construction’s life span of 80 years because the wooden structures must be built twice compared to the
conventional concrete structures which need simply maintenance (see (2) in the following figure).
Therefore, regarding the cumulative energy demand and a scenario with higher transport distances
considering the time period of 80 years the concrete structures show better results than the wooden
structures (see (3) in the following figure).

Discussion
The assessment of the carbon footprint and the use of energy for alpine protection structures
can be managed by the method of the LCA method based on construction reports. It is
essential to collect all these data in an appropriate way for the conventional as well as the
soil bioengineering structures. The results show that behind the construction phase itself
the real life span is most relevant for the total demand of energy. Soil bioengineering
structures can only achieve a better energy balance if local available material is used for
the construction. It means that the energy impact of transport is reduced. The results
encourage practitioners in optimising construction processes, transport distances, working
methods and usage of materials and machines. The applied LCA method not only serves
for the environmental post-calculation of a construction site, but can also be used as a
management tool for minimizing environmental impacts of alpine protective structures.
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Data accumulation of sediment
transport and hydrology in
mountainous rivers
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Introduction
The observation data of the sediment transport rate in mountain rivers is one of the most
basic information for predicting sediment transport for planning and implementation of
torrent control projects, hereinafter named as sabo projects. Since the 1990s, for bedload,
an observation device called “hydrophone” has been developed and become widely used
in Japan. The hydrophone is a device that estimates the amount of bedload by measuring
the sound of scavenging sand colliding with a metal pipe. The Ministry of Land,
Infrastructure, Transport and Tourism, MLIT, conducts continuous observations of
sediment transport and hydrology throughout Japan with installing many sensors such as
the hydrophones. In this presentation, we will report on the current efforts and future tasks
in the observation of sediment transport and hydrology by the MLIT in Japan.

Methods of data acquisition
Since 2009, the MLIT has been nation-widely carrying out observations of sediment
transport and hydrology in mountainous rivers in which sabo projects are being
implemented. Now, there are 86 active monitoring stations in total all over Japan, which
are basically composed of water stage gauge, hydrophone, turbidity meter and sediment
trap (Figs.1&2). All the sensors are placed on the concrete structures, such as on the crown
of spillway of sabo dams. The data are continuously acquired and accumulated in-situ.

Dr., National Institute for Land and Infrastructure Management, JAPAN, (yamakoshit925h@mlit.go.jp)
2
National Institute for Land and Infrastructure Management, JAPAN
3
University of Tsukuba, JAPAN
1

-1.
INTERPRAEVENT 2021 – EXTENDED ABSTRACTS

| 147

Figure 1 Basic configuration of a monitoring site

Figure 2 Locations of monitoring stations (As of 2018)
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Data note of sediment transport rate
In 2016, we gathered all the data of observations of sediment transport and hydrology
which are being conducted nationwide from 2009 to 2014, and compiled them as Data Note
of Sediment Transport Rate for 56 monitoring stations. In the Data Note, 4 items of 1)
rainfall, 2) flow rate, 3) suspended load, and 4) bedload are recorded at a frequency of at
least 15 minutes. When compiling it as Data Note, abnormal data were removed as much
as possible. In addition, daily, monthly, and annual total volume of suspended load and bed
load are included together with those of major large floods.
On the other hand, so far, various technical problems have arisen, such as silent change in
acoustic characteristics due to aging or dents of pipes and an error-sampling of sounds and
vibrations caused by gravel colliding with surrounding concrete and stones. In order to
solve these problems, improvements have been made little by little through holding a study
group that gathered personnel from the Sabo offices of the MLIT. We are now considering
that it is necessary to create a simple in-situ calibration method to allow them acquiring
and accumulating correct sediment transport data.

Future tasks
Through publishing the Data Note, the goal of the first stage has been achieved, which is
to accumulate data of sediment transport and hydrology of mountain rivers throughout
Japan. However, the sediment transport data during large flood or after large sediment yield
phenomenon are still insufficient. Currently, the NILIM has started gathering data from
2014 to 2019 to compile the second version of the Data Note. For the second stage, it is
necessary to improve the quality of the data through using the calibration method. It is also
necessary to replace deteriorated sensors correctly not only because ten years have passed
since the installation but also because many of them are found to be exposed under very
harsh conditions, such as too much sediment discharge.
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Integrated simulation on multiple
shallow landslide and debris-flow
employing contour-based terrain
modelling in watershed-scale
Kazuki Yamanoi1, Daizo Tsutsumi2, Rinto Koshi3, Masaharu Fujita4
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Introduction
When multiple landslide and debris-flow take place in one catchment with large terrain
deformation, it causes severe damage to the residential area. For example, in NorthernKyushu Heavy Rainfall, a large number of landslides and following debris-flow produced
approximately 2.9 million m3 sediment, and it transported to the residential area located
at the bottom of the valley in Akatani River catchment. As a result, large floodings
occurred with significant topological deformation and 22 people were killed or missing.
To predict such sediment- and water-related disaster, an integrated numerical
simulation that combines numerical models of rainfall infiltration, landslides, overland
flow, and sediment transportation is strongly required. However, inequality of the
spatial scale of each phenomenon makes the modeling difficult. Authors have been
employed the contour-based terrain modeling consists of tubes and elements to solve this
difficulty and developed the combined model of the rainfall infiltration and landslides in
watershed-scale [Tsutsumi et al., 2019]. In this study, we added a debris-flow model to
extend the target phenomena and to reproduce the location of the direct damage
caused by the debris flow triggered by landslides.

Methods
Tsutsumi et al. [2019] proposed the integrated model of overland and underground flow
model that considers saturated lateral flow with diffusive wave approximation, calculating
the factor of safety (FS) on the slip surface by simplified Janbu’s method, and dynamic
programming (DP) to find the slip surface with minimum FS on contour-based terrain
model which consists of multiple stream tubes. In this study, we replaced the overland flow
part to the Takahashi’s 1-dimensional debris-flow model. To express the debris-flow
initiation due to landslides, we modified the method to calculate erosion velocity as
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followings. Firstly, we introduced a water depth threshold for erosion to limit the debris
flow initiation only by erosion. Secondly, at the element where the landslide takes place,
we assumed that the landslide mass is eroded by certain speed.

Application and Discussion
The catchment of Otoishi river, one of the largest tributaries of Akatani river was selected
to apply the proposed model. Fig.1 (left) shows the aerial photograph and the classification
(i.e., flooded area, landslide area, and cloud area) of the trace of disaster. The shape of Fig.1
(center and right) displayes the terrain model, which is built based from the 10m-mesh
DEM provided by Geospatial Information Authority of Japan. The point precipitation data
obtained at Asakura station, the closest AMeDAS (Automated Meteorological Data
Acquisition System) station, are employed as the input rainfall data. The maximum hourly
rainfall was 106 mm/h, and the duration of the precipitation event was approximately 12
hours. The simulation started from 9 hours before the event (T=0 [h]) and continued until
T=48 [h]. Fig.1 (center) shows the simulated water surface level from the bedrock at T=36
[h]. The hatching area indicates the predicted landslide area. As with the actual phenomena,
this simulation reproduced numerous landslides mainly in the hillside area (where is neither
the top nor toe of the mountain slope). Fig.1 (right) shows the terrain deformation at T=36
[h] as a result of the multiple debris-flow movement. The elements directly under the
landslides are mostly eroded, on the contrary, the elements located in the bottom of the
valley are mainly deposited, which is compatible with the actual damaged characteristics.

Figure 1: Aerial photograph and classification map in target area (left), calculated water level and location
of the landslide (centre), and terrain deformation (right) at the end of simulation (T=36 [h]).

Conclusions
In this study, we applied the watershed-scale integrated simulation model of the rainfall
infiltration, landslide, and debris-flow to Otoishi river catchment. The results showed good
agreement with the actual disaster trace in a viewpoint of the vertical location of landslide
head, the number of landslides, and the location of the deposited area. Further studies are
required for finding the appropriate parameters related to the soil and sediment and its
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spatial distribution and the effect of the rainfall distribution by connecting the precipitation
data obtained by radar observation.
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Introduction
The Joint Information Platform for Natural Hazards (GIN) was developed from 2008 to
2010 as part of the Swiss federal government’s OWARNA project, which aimed to improve
natural hazards warnings and alerts. It is operational since 2011. Primary goal of GIN is to
provide natural hazard data. GIN integrates natural hazard data from Federal and Cantonal
levels (and partly even private level) which is a huge advantage for all stakeholders
involved in natural hazard management (Federal, Cantonal, Regional, Communal crisis
committees). Stakeholder not only use GIN’s ample database for their early warning and
crisis management activities, but also benefit from the seamless IT operations, ensured by
the Federal Government.
The data in GIN encompass Meteorology, Hydrology, Snow & Avalanches, Earthquake,
forecast, danger maps which are visualized to a large variety of professional users before,
during and after natural hazard events. The data on the platform is available for the last
three years. The data is delivered and updated nearly real-time directly form the institutions
mentioned above. In fact, GIN consider all natural hazard data in Switzerland and its
neighbouring regions from the surrounding countries, which provide the basics to handle
natural phenomena in the alpine country. To improve the platform, a user survey is
generated to get feedback. In such a survey, the wish for more individuality and the use of
smartphones was mentioned. Due to the feedback, GIN mobile has been launched in 2018.
The aim of GIN mobile is to optimize the usability of GIN by smartphones and tablets. In
Addition, the mobile version allows receiving push notifications.

Gin web
The start page now contains a dashboard and users may configure different information,
data and map packages individually or use predefined adaptable views on data sets. In
addition, there is a new overall spatial search function for data parameters, and a responsive
approach further improves the usability of the platform. The focus of these new features
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was on multi-views (maps, diagrams, tables, text products, etc.), selected geographical
areas on maps, and user queries (dossier). Preliminary user feedback indicates that the new
design is well received and GIN is moving much closer to its original goal: enhanced
usability, more targeted and higher personalisation when managing natural hazard events.

Gin mobile
The project GIN mobile has been launched in 2018. GIN mobile is developed as a
progressive web app (PWA) for smartphones (figure 1). The goal is to keep the same
structure and most of the same contents and functions as GIN web. The design and handling
of the solution is adapted to smartphones. Due to its variety of professional GIN users
(natural hazard experts, geologists, firefighters, police, etc.), many different evaluation
schemes are used, depending of their area of interest. Further down an example how GIN
mobile may help natural hazard experts to manage an episode.

1.
Situation catch: Users are briefed by push-notifications if data pass a threshold.
There may be used predefined thresholds or thresholds defined by your own, which allows
a good match to the real situation. Push-notification are also applicable for forecasting
products. Ones established, the user is easily informed about future natural hazard
scenarios. The mobile solution helps natural hazard specialists to get an overview over the
actual situation, especially in the field. The already installed dossier in GIN web are
automatically available to evaluate the situation with smartphones.
2.
Options: While searching handling options, GIN mobile may feed you with actual
data and information. The warning map and the use of push notification support the user
during the creation of possible options of acting.
3.
Rating: Meanwhile the evaluation of acting possibilities, forecast products in GIN
may help you to rate. In addition, GIN provide the chance of sharing dossiers with different
GIN user. As an advantage, the information as a rating base is the same for the whole team.
4.
Decision: After proofing the different options, the decision can be taken while
consulting GIN due to actual bulletins from expert departments. In fact, other experts
already evaluate the actual data for you.
5.
Execution: During execution process, the situation may change. GIN push
notification of actual data helps you to be up to date.
6.
Controlling: GIN allows observing the situation due to its data richness. With the
help of individual thresholds, the user is always briefed about what happened in his acting
area. Push-notification is an optimal tool for long time survey.
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Figure 1 Starting page of GIN with individual folders (left) and the warning map notifications (right).

Conclusion
With the application GIN, Switzerland has a powerful tool for natural hazard events. The
mobile solution allows the control of natural hazard data directly in the field. The
availability of push notifications helps to establish pre-warning process, which are crucial
for managing natural hazard events.
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Introduction
The European Floods Directive (2007/60/EC) requires member states to prepare flood
hazard maps and to implement flood risk management plans identifying the priorities of
mitigation measures. The legislation of the Autonomous Province of Trento (PAT Northern Italy, Central Alps) evolved in parallel with the community legislation and,
accordingly, its application is subject to the definition of a list of priorities in terms of
prevention, protection and preparedness measures. In this context, many efforts have been
spent to draw maps of hydro-morphological susceptibility to debris flows at the regional
scale (Horton et al. 2013). However, additional efforts are required to elaborate a shared,
objective, and traceable prioritization methodology including also other types of flood
hazard and able to synthesize physical aspects, land use management, and the expert
knowledge of professionals and technical officers (Valentinotti et al. 2018).

Methods
The priority associated to an alluvial fan, a mountain stream, or a river reach in terms of
planning and implementation of mitigation measures is obtained from the evaluation of
geomorphic variables, land use, potential damage, and expert opinion of technical officers.
For the PAT territory, geomorphic indicators have been derived for more than 6’000
alluvial fans and a synthetic 21’400 km long hydrographic network. The procedure is based
on the following indicators:
1. a "synthetic hazard" for alluvial fans based on debris flow runout distance along
the fan, derived from an initiation and propagation empirical model (Cavalli and
Grisotto, 2006);
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2. the flood event susceptibility of a catchment derived from a probabilistic model
according to the characteristics of the fan-catchment-network (fcn) system and on
the past events cadastre (Valentinotti et al. 2018);
3. a "synthetic risk", obtained combining the “synthetic hazard” with the exposure to
such hazard in terms of land use and exposed area;
4. the amount of available knowledge on flood hazard assessment, classified
according to the methodology and level of detail of the analysis and the effort
required to improve it;
The indicators are fed into a weight-hierarchy matrix to assign an index of priority to
alluvial fans (indicators 1-4) and main rivers (indicator 4). Finally, this index of priority
and expert evaluation of technical officers are integrated to obtain three classes of flood
hazard management priority (high, medium and low).

Results and discussion
Based on this methodology we identified 8 main water courses (lines) and 45 fcn systems
(points) with high flood hazard management priority (Fig. 1). The results suggested that
the integration of expert evaluation is crucial to dilute the intrinsic uncertainty associated
to empirical indicators. In fact, the expert evaluation integrates in-depth knowledge of the
territory, the relationship with the stakeholders, and a multi-year perspective on mitigation
activity and future operational capabilities. However, to avoid jeopardizing the objectivity
of the priority evaluations, we claim that the expert judgment must be included following
traceable procedures. Depending on the different objectives of the policy makers, the
weight of the different indicators (in terms of geomorphic-environmental variables, land
use, and available hazard knowledge) may undergo changes, making the flood hazard
management priority dynamic.
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Figure 1. Example of priority defined on 24100 km of hydrological network and more than 6000
fan.

Conclusions
The proposed methodology allows to assess flood hazard management priority of an
institution in charge of to the management of flood hazard. Further efforts are needed for a
more objective integration of expert evaluation with empirical and statistical parameters.
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Introduction
Flood risk assessment and the design of risk reduction strategies often neglect the
influence of socio-economic development on future exposure and vulnerability to
floods and their evolution over time. Flood risks will increase or decrease
depending on proactive adaptations of both households and government. As
highlighted by Haer et al. (2019), rational household behavior could be more effective
in reducing flood risk than a proactive government planning. A cooperation between
households and government is therefore essential and may be reached by encouraging a
constructive flood risk dialog. This article introduces a web tool to overcome
communication barriers, ease knowledge transfer between stakeholders and allows an
integral rise in flood risk awareness. The presented web tool offers customizable
scenarios for exposure, vulnerability and flood extension to split a complex topic in
more comprehensible subunits. Effective and attractive visual support ameliorate
information flow and lay the foundation for a constructive risk dialog.

Methods
Data of building damage caused by flood, provided by Swiss Public Insurance Companies
for Buildings (PICB) and harmonized at the University of Bern (Bernet et al., 2016), are
intersected with Swiss flood hazard maps. This procedure is based on 13’000 damage
claims and allow to empirically derive a degree of loss for each combination of hazard level
and building value class. The derived degree of losses are used to calculate the expected
flood damage for all Swiss buildings considering a flood event that affects the entire hazard
zones. The future maximal expansion of the Swiss building stock, respecting existing
building zones and conforming to present laws, is modelled by combining geometrical and
urban planning based approaches. Multiplying the derived degree of losses with the
estimated replacement value of the constructible buildings exposed to flood hazard,
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provides an estimation of the future expected flood damage and his distribution over the
country. Furthermore, current Swiss policies encourage vulnerability reduction through
local structural flood protection. To the extent of our knowledge, no available datasets
report the location and the quality of such local measures. Therefore, the number of
buildings provided with local structural flood protection is estimated based on interviews
with experts from public authorities, engineers and insurance companies. According to
experts, local structural protection is likely to fail and therefore considered effective in only
50% of floods.

Results and discussion
The online web tool provides for the first time a Swisswide overview of potential flood
damage, laying the fundamentals for further analysis and experiments. Hazard, exposure
(present exposure or various degrees of increased building stock) and/or vulnerability (part
of houses with or without local structural flood protection) can be modified to reproduce
various initial condition. Based on the chosen parameter combination, the tool calculates
the number of exposed buildings and the overall monetary damage. Users can operate
separately each flood damage driver in a self-defined scenario and perform customized
sensitivity analysis. The combined effect of multiple drivers can be investigated, helping
users to conceive complex interactions leading to variation of the expected damage. As
local assumptions do not apply at the nationwide scale, a realistic scenario for expected
damage evolution in the year 2040 is established for each municipality. The selected
damage scenario can be compared with the current expected flood damage to capture
variation in flood damage magnitude caused by single or combined driver impact. Results
are visualized with graphs and maps to improve the comprehensibility of the results.

Conclusions
Establishing a flood risk dialog implies the development of a common understanding about
flood damage. With an intuitive interface enriched with additional information and
enhanced visualisations, the presented web tool facilitates knowledge transmission that
promotes risk dialog and helps non-specialists to understand the complex topic of flood
damage. The establishment of such flood damage assessment tools can help to overcome
communication barriers, increase general flood risk awareness and lead to comprehensive
acceptance of investment to reduce flood risk. Generated awareness might promote
proactive adaptation of both households and government leading to a reduction of flood
risk.
The online web tool will be available starting June 2020 at: www.schadensimulator.ch
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Background
Extreme weather events, natural disasters and failure of climate change mitigation and
adaptation are the risks with the highest likelihood of occurrence and largest global impact
(World Economic Forum, 2017). According to the Natural Perils Pool the direct
compensations over the 10 last years due to Natural Hazards have costed Norway alone 27
Billion NOK and the Public Sector even more. The responsibility for adaption strategies,
to map the risks and prevent and reduce the threat and damages, are scattered and there is
a need for a holistic perspective and coordination across sectorial boundaries. The aim of
World of Wild Waters is to create a holistic understanding of cause and effect of Natural
Hazard by creating an immersive user experience based on real data, realistic scenarios and
simulations.

Methods and Project design
To increase preparedness in the society to a wetter and wilder climate WoWW will “Use
digital tools and methods to transform how Risk Assessment and Management of Natural
Hazards are approached and handled in Risk and Vulnerability analysis, in prevention of
damages and during critical events and crisis when they occur”. This includes; creating an
immersive and participatory user experience for deeper understanding of the Natural
Hazard through use of new digital media, especially Augmented/Virtual/Mixed Realities
(AVR); using gamification and Natural User Interfaces (NUI) for understanding and
learning impact of human influence on Natural Hazard events; develop methods and
content for realistic scenarios the users can test or be exposed too and scenarios for
development of the event based on the user's choices; develop methods for realistic physical
dynamic behaviour of the system dependent on user response; develop a training system to
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handle critical situation and psychological stress factors. WoWW consist of 5 work
packages. WP1 will deliver statistically realistic scenarios established for realistic
simulations of extreme floods and landslides in WP2 and 3. They feed into WP4 that will
develop a virtual reality and create an immersive user experience guided by human
perceptions from WP 5 (Figure 1).

Figure 1: From Natural Hazard to Immersive understanding

Expected Outcome
Both nationally and internationally there is a need for tools that realistically connect the
different factors influencing the causes, development and potential consequences of
Natural Hazards. This includes all from meteorological, hydrological and geotechnical
conditions to the effect of human influence through constructions and infrastructure
elements influenced by or influencing the development of an event.
Separately these elements are scientifically more or less understood, but a holistic approach
as in WoWW combining different effects and models how they influence each other, can
cause a transformation in the way of thinking and how to handle risk induced by Natural
Hazards. A transition in how simulation tools, information, results and scenarios are made
available to the end user, and it can help the society and public sector to get away from a
sectorial narrow approach to a holistic digital approach to future challenges related to NH
and adaptation to climate change.
WoWW aim to transform how risk and vulnerability (ROS) analysis is conducted and the
result presented. The aim is that WoWW will enable planner and decision makers to test
scenarios and mitigation measures prior to or during an emergency. Based on a forecast or
an observed critical development the user will be playing with scenarios of development in
a natural hazard virtual game and develop a first-hand immersive understanding of the
dynamics and leverages in the hazard situation. The user will be presented different
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scenarios in a logical and realistic setting in a gaming situation where he can get an
understanding of potential risks, causes and effects and where he can test and experience
the effect of different measures.
The result of the analysis will be a series of immersive and dynamic animations illustrating
the scenarios, the potential consequences and the effects of preventive measures. This will
increase the understanding among planners and decision makers and move the focus from
repair to mitigation investments to save direct and indirect societal costs.
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Introduction
Several catastrophic rock slope failures and related displacement waves have occurred in
Norway during the last century. This caused a high awareness of the hazard posed by
unstable mountains leading to several studies focusing on rock slope instabilities. Ongoing
systematic mapping activities at the Geological Survey of Norway (NGU), commissioned
by the Norwegian Water Resources and Energy Directorate (NVE), aim to detect all rock
slopes that could fail catastrophically. “Catastrophic rock slope failure”, comprise rock
slope failures that have a larger impact area than a rockfall, for example due to a long runout distance or an impact-triggered displacement wave.
Currently, there are more than 500 unstable rock slopes detected, showing signs of postglacial deformation. This high number of sites requires a systematic organization of data.
Therefore, NGU has developed a database containing information on all known unstable
rock slopes in Norway (Oppikofer et al., 2015). The main aims of the unstable rock slope
database are (1) to serve as a national archive for unstable rock slopes in Norway; (2) to
provide decision-makers with hazard zones and other necessary information on unstable
rock slopes for land-use planning; and (3) to inform the public through an online map
service.

Database content
At present, the database contains 517 unstable rock slopes. The number of registrations has
increased steadily with the progression of the systematic mapping program since its start
in 2005. This mapping is undergoing county based and so far, 5 counties (Møre & Romsdal,
Troms, Sogn & Fjordane, Rogaland and Hordaland) are being mapped systematically.
Furthermore, there are punctual investigations in other counties. In addition to an increasing
investigated area, new data are also facilitating the detection of unstable rock slopes causing
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more registrations in the database. While the original mapping on orthophotos was mainly
limited to areas above the tree limit or to areas with open forests, new detailed DEMs allow
detecting deformation structures also in densely vegetated areas. There has also been a
large increase in the number of detected unstable rock slopes at the end of 2018 due to a
semi-systematic review of new InSAR based ground deformation maps covering entire
Norway (http://insar.ngu.no).
The database contains also other rock slopes that have been investigated, because of
suspicious morphologies, signs of activity or notes of concern by locals. However, after
reconnaissance they turned out to either have too small volumes in order to form
catastrophic rock slope failures or did not show signs of post-glacial deformation. Those
rock slopes are kept in the database in order to avoid duplication of work in later years or
decades.

Online map services
The national database on unstable rock slopes in Norway is publicly consultable through
two
online
map
services.
NGU’s
map
service
(http://geo.ngu.no/kart/ustabilefjellparti_mobil/) is containing all related geological
information while NVE’s map service (https://atlas.nve.no/) is displaying information
relevant for land-use planning. NGU’s map service shows all the hitherto investigated rock
slopes in Norway including different scenarios, lineaments, unstable areas and monitoring
stations, along with hazard and risk assessments (Figure 1). Areas of possible rock
avalanche run-out and their secondary effects of hazard and risk classified unstable rock
slopes appear in NVE's map service on landslide hazard zones.

Figure 1. The unstable rock slope Børa in Romsdalen, Western Norway, as displayed in both map
services. In addition to the map view, factsheets with key information on unstable rock slopes can be
downloaded for each unstable rock slope. A) NGU’s map service displaying different compartments of
the unstable area, mapped lineaments and monitoring stations. B) NVE’s map service displaying run out
areas as hazard zones.
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Conclusions
The presently existing database has evolved in a long process that was strongly led by user
experience. Adaptations were undergone constantly and will still be necessary in future as
needs and requirements may change. The online map services inform society about the
consequences of a possible rock avalanche and indicate areas that may be affected. The
hazard assessment related to areas of possible rock avalanche run-out and their secondary
effects is important for land-use planning in Norway, as the Norwegian Planning and
Building Act places restrictions on the usage of those areas. Furthermore, this database is
a solid base for research on unstable rock slopes.
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Thermokarsts on an ice-rich rock
glacier in Tignes, French Alps
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André Revil5, Giovanni Balestri6
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Introduction
The aim of the EU_POIAPermaRisk project, led by Université Grenoble Alpes, is to extend
knowledge about geomorphic processes caused by permafrost degradation and about
associated risks in the French Alps (Schoeneich et al., this conference). A part of the project
was dedicated to mountain thermokarst.

Methods
One of the case studies focussed on the Col des Vés rock glacier, in Tignes (Savoie,
France). Several thermokarst depressions are located on this rock glacier, from 2650 to
2750 m a.s.l. Some of them are very large (around 60 000 m²). Two chair lift pylons built
on the rock glacier are destabilized and need periodic readjustment (Duvillard 2019). The
purpose of the study was to understand the formation, evolution and life time of these
thermokarst features. The questions addressed were the site specific conditions allowing
the development of these large depressions, their spatial evolution, the drainage patterns of
the lakes, the hazard potential and the role of global warming.
Aerial and satellite imagery (available from 1948 to 2019 for this area) was used to assess
the evolution of each of the 7 depressions (fig. 1). Two were already present in 1948 (the
oldest aerial image available) and expanded until the 1990s. Then, a new generation of
depressions occurred (first visible in 1996), and again three recent depressions appeared at
the end of the 2010s. The first depressions occurred close to the rock glacier front, whereas
subsequent ones formed further upslope towards the rooting zone. All depressions show an
asymetric expansion, but no common rule (such as aspect, or ice thickness) can be
identified.
Some depressions were filled with water, becoming large ponds and spilling out at some
point in their extension. Despite these large volumes of water, no spill out traces are visible
downslope of the rock glacier front. The rock glacier develops on a limestone and marble
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bedrock, and a karstic complex is known in the surroundings, under the Grande Motte
glacier and with output near the Tignes lake (Chardon, 1992). Therefore the thermokarst
most likely drains through the karstic system.
In order to characterize the internal structure of the rock glacier, an ERT (Electric
Resistivity Tomography) profile has been set up from the root zone towards the front,
crossing 3 depressions. A 20-meter spacing permitted to measure resistivity values very
deep inside the rock glacier down to the bedrock. It reveals extremely high resistivity values
due to a thick massive ice body. The site was covered by a glacier during Little Ice Age,
suggesting that it is most likely dead glacier ice. Fluted surface features however indicate
that the LIA glacier flowed over the surface and that the ice could be older. This massive
ice volume revealed by the ERT explains the number and the size of the depressions.
Lower resistivity values can be found under the largest depressions, indicating ice melt
down to the probable bedrock interface. A zone of lower resistivity also develops between
an upper layer with high resistivity values and the probable bedrock interface, for some
distance from one of the depressions, It could reveal the water flow channel due to thermal
erosion, towards the karstic drainage point.

Figure 1: Evolution of the successive thermokarstic depressions on the Col des Vés rock glacier / dead
ice body, since 1948, outlined on historical aerial images.

Conclusion
The study showed that the thermokarst depressions of the Col des Vés site develop on a
massive dead ice body of probable glacial origin. Rock glacier like surface and frontal
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features indicate that the site is in permafrost conditions, which allowed the conservation
of possibly old ice. The depressions developed since at least the mid 20th century. The
settings and evolution of the site are therefore similar to other documented Alpine cases
like Gruben (Kääb & Haeberli, 2001) or Chauvet. These observations lead to the
assumption that the formation of these thermokarst depressions is not due to recent global
warming but rather to the overall temperature increase since LIA.
Due to the karstic environment, the drainage of the thermokarst lakes does not represent
any direct hazard for the Tignes ski resort. The precise location of the karstic output is
however still unknown. The development of new depressions since a few years deserves
attention in the future.
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A regional-scale risk assessment
framework for flood, debris flood and
debris flow geohazards in British
Columbia, Canada
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Introduction
Mountainous regions and valleys of British Columbia (B.C.), Canada are prone to
damaging floods, debris flows, and debris floods that can result in property damage, loss
of life and interruption of transportation corridors. Despite the high frequency of damaging
geohazard events in B.C., systematic identification and assessment of geohazard risk has
not yet been completed at provincial scale. With local government partners, we are
characterizing developed areas exposed to flood, debris flood and debris flow geohazards
across approximately 200,000 km2 of B.C.. We prioritize areas using a qualitative, riskinformed approach designed to consider remote regions with scarce data and abundant
geohazards. The study results will support government partners tasked with long-term
geohazard risk-informed development planning, flood resiliency and emergency response
planning.

Methods
Assessment Framework: We characterize and prioritize geohazard areas according to a
qualitative risk framework that considers the following factors: relative likelihood of
geohazard (hazard); types and value of elements at risk (exposure); and a measure for
damage or loss (vulnerability). The geohazard areas are assigned a priority rating from very
high to very low.
Geohazard Assessment: We identify areas subject to geohazard processes by mapping
alluvial fans and estimating floodplain extents using screening-level hydraulic modelling
and topographic analyses. Then, we select the dominant geohazard process type (flood,
debris flood or debris flow) for each area based on morphometric parameters (Melton ratio
and stream length), confirmed by expert judgement, and historical event inventories.
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Magnitude and spatial extents for flood processes are determined via regional flood
frequency analysis (RFFA) for the 0.5% annual probability.
Hazard likelihood for debris floods and debris flows is assessed from basin and fan
geomorphic activity. Event magnitude is estimated from regional frequency-magnitude
relationships. Spatial impact likelihood for alluvial fans is estimated based on the software
Flow-R (an empirical, debris-flow and debris flood propagation model) (Horton et al.,
2013).
Exposure Assessment: We inventory elements at risk and developed software to categorize
and collate them in geohazard areas. Elements at risk include people, buildings, critical
facilities, businesses, lifelines, and environmental values. Each element at risk is assigned
a weighting based on stakeholder input, and summed weightings are used to compare
geohazard exposure between geohazard areas.
Vulnerability Assessment: We compare vulnerability of elements at risk to floods, debris
floods and debris flows in different geohazard areas using peak discharge as a proxy for
destructive potential. These were estimated from RFFA for floods and debris floods, and
empirical sediment volume-discharge relationships for debris flows (Mizuyama et al, 1992;
Jakob & Bovis, 1996; Rickenmann, 1999). The discharges were ranked and statistically
binned to rank vulnerabilities.

Results
Geohazard mapping and risk prioritization are provided on an interactive web application
showing hydrologic and topographic features, elements at risk, and prioritized flood and
alluvial fan hazard areas. At the time of this contribution, 1480 alluvial fans and 5026
floodplain areas have been risk-prioritized, encompassing approximately 6500 km2 in total
(Table 1).
Table 1. Number of prioritized geohazard areas completed to date.

Type

VH

M

L

VL

371

623

4,032

0

5,026

10

114

336

744

276

1,480

0.2

7.5

14.7

73.4

4.2

100

Floods

Grand Total
(%)

Total

H

Clear-Water

Steep Creeks

Grand

Priority Level

Geohazard
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Figure 1: shows an example of an assessed alluvial fan in the web application.

Conclusion
This study provides a consistent and transparent geohazard risk decision-making tool
supporting allocation of limited financial resources for risk reduction. Importantly, the
methodology allows efficient prioritization of the full spectrum of flood, debris-flood and
debris-flow geohazards across large regions. As continuing development pressures and
climate change collude to increase risk to human life and infrastructure, the methods
outlined in this paper gain traction in supporting local governments to provide a reasonable
level of safety to the affected populations.
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Destabilization of high mountain
infrastructure built on permafrost in
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Introduction
In the current context of climate change, high Alpine permafrost is affected by a rapid
warming/degradation (Beniston et al., 2019). Geomorphological processes on rock slopes
(e.g. rockfalls, boulder falls) or surficial deposits (e.g. slides, subsidence) are increasing in
number and volume due to the evolution of the ice content and its mechanical
characteristics. These processes directly imply a risk of destabilization for infrastructure
(e.g. huts or ropeway transport systems), particularly important in the French Alps because
of the intensity of the high mountain tourism. A multi-method research project was
conducted to characterize the vulnerability of infrastructure elements built on permafrost,
which constituted a part of the EU POIA PermaRisk project (2016 - 2019).

Goals and methods
Three objectives were conducted simultaneously : (i) setting up an inventory as exhaustive
as possible of the infrastructure elements built on permafrost using a Geographical
Information System; (ii) producing a detailed historical inventory of damages to
infrastructure due to permafrost warming over the past three decades; (iii) developing a
destabilization risk index due to permafrost degradation in order to identify and rank
infrastructure at risk - the risk index including a hazard characterization and a vulnerability
diagnosis (Fig 1). Finally, the most at risk infrastructure according to this risk index was
compared with the adaptation strategies of the local stakeholders (managers, scientists) to
adapt geotechnical instabilities and/or study the hazard evolution in the present context of
climate change.
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Figure 1 Systemic approach to compare risk index of destabilization and adaptation strategies for
infrastructure built on permafrost in the French Alps.

Results and discussion
In the French Alps, almost 1000 infrastructure elements are located in permafrost areas
among which 12 were identified to have been subject to repeated instances of disruption
and deterioration. Most of the damages were recorded in areas where permafrost
degradation is fully expected (ice-rich terrain; Fig. 1; Duvillard et al., 2019).
The application of the destabilization risk index showed that 84 % of infrastructure are
characterized by a low to medium risk (4 % low, 35 % limited and 45 % marked), and 16
% by a high risk of destabilization, while only one infrastructure is thought to be
characterized by a very high risk (Duvillard et al., in review).
Among the 148 infrastructure elements most at risk (i.e., high or very high level risk of
destabilization), 27 infrastructure elements (from 17 infrastructure) have already been
concerned by an adaptation strategy. Only 5 study cases of infrastructure reconstruction or
consolidation used long term solutions adapted in order to prevent new damage due to
further degradation of the permafrost. Conversely, only 5 cases developed proactive
strategies to monitor or adapt the infrastructure to permafrost from the beginning of the
conception process.
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Conclusions
Infrastructure recovery costs may be significantly high, making this issue a relevant
consideration to be included in the design process. Our study showed some “good and bad
practices” of construction and maintenance operations. This feedback will hopefully help
to build, operate and maintain infrastructure on permafrost in high mountains in the current
context of rising temperatures.
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Introduction
A systematic approach to managing risk involves mapping of hazard and consequence
(which collectively provides risk), evaluating the risk and implementing measures where
the risk is considered unacceptable. The Norwegian legislation specifies the highest
allowed probability of gravitational mass movements when developing new infrastructure.
This probability is differentiated regarding the expected number of persons exposed, e.g.
through the type and use of buildings. The same requirements apply to all types of
landslides and avalanches, although quick clay slides are regulated by separate rules.
However, a uniform probability requirement for all types of landslides and avalanches,
does not imply uniform levels of acceptable risk. To assess the acceptable levels of risk
expressed in the Norwegian regulations, a study has been initiated on risk assessments of
buildings, where considered consequences are human injuries and fatalities. A case study
area in Western Norway was selected, where several buildings are exposed to both rock
fall and snow avalanches. For the sake of the example, more buildings were added to the
case study area.

Methods
The risk assessment encompasses evaluation of hazard and consequence. The case study
area contains hazard zones with return period 100yr, 1000yr and 5000yr aggregated for all
types of landslides and avalanches, with rock fall and snow avalanche as the predominant
hazard types. In risk mapping, the hazard zones need to be specified per hazard type,
therefore separate hazard maps for rock fall and snow avalanche were adapted accordingly.
The consequences were assessed through evaluation of exposure and vulnerability. The
exposed buildings were categorised based on use and type, and the number of exposed
persons were estimated from typical number of users and residence times within each
building category. The vulnerability was considered using relations between process
intensity, building damage and fatality, specific to the current building category. A
challenge was to link the intensity of rock fall (derived from expected rock volume and
velocity per scenario) to the return period of the scenario (100yr; 1000yr and 5000yr return
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period respectively). In Particular; the modelled energies from Rockyfor3D by EcorisQ,
RAMMS by SLF were considered too high for the analysed return periods and were
considered to represent more extreme and rare scenarios. The intensity (energy), was
therefore modelled along profile lines (rock fall trajectories) using RocFall by RocScience.
Typical boulder sizes for each scenario were assumed, with increasing boulder volumes for
increasing return periods. The hazard zones represent energies that could cause harm to life
and health and/or material damage. However, the Norwegian legislation does not specify
intensity criteria for mass movements. The border of the hazard zone is therefore in this
study interpreted to represent the "threshold" energy to cause harm, whose value might be
found from vulnerability relations. The risk associated with each building was estimated
per scenario (return period) and summed up for all the scenarios relevant for the building.

Results and discussion
A GIS tool was used to visualise the intensity of the mass movement and the exposed
buildings as well as to aggregate and visualise the results. Values for intensity of the mass
movements were estimated for the exposed buildings for the different return periods. Risk
maps were produced for material damage as well as for fatalities (Figure 1).
During the analysis, questions regarding interpretations of the Norwegian regulations
arose, e.g. related to verbal descriptions of intensity and to interpretations of spatial
probability. These interpretations could affect the levels of acceptable risk.

Figure 1: Relative risk per building, with respect to fatalities, associated with rock fall, summed up for the
return periods 100yr, 100yr and 5000yr. The estimations take into account the type and use of buildings
and the intensity of the rock fall for corresponding return period.
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Conclusions
The study demonstrates additional considerations necessary for risk assessment of
landslides and avalanches compared to current hazard zoning in Norway. These encompass
e.g. hazard zoning specific to each hazard type, assessment of intensity of the mass
movements and assessment of residence times for persons in buildings. Risk assessment
should be used to assess the consistency in the safety requirements for landslides and
avalanches in the Norwegian legislation and, if inconsistencies are found, to specify
improvements.
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Introduction
The July 2017 Northern Kyushu Heavy Rainfall caused heavy precipitation in Fukuoka
Prefecture, Japan, and heavy runoff of sediment and driftwood (wood debris). The
objective of this study is to elucidate the basic data required to deduce sediment and
driftwoods transport phenomena. And, we clarify the distribution of landslides where
sediment and trees started flowing down. Also, we try to clarify the relationship between
sediment transport, driftwood, and rainfall.

Materials and methods
The Myoken and Naragatani River basins were selected as survey sites for this study. In
both basins, sediment and driftwood flowed into the residential areas despite the existence
of check dams. The vegetation in the basins consists of mainly cedar.
At first, the basins are divided into subbasins (Eto et al., 2019). After that, we examined
aerial photographs of landslide areas to determine the number of standing trees. We also
considered the relationship between sediment transport, driftwoods transport and rainfall.

Results and discussion
Figure 1 shows the relationship between rainfall characteristics, which are estimated by
analysing the X-band radar rainfall gauge data - XRAIN - of Ministry of Land,
Infrastructure, Transport and Tourism, Japan, and the proportion of streams of landslide
occurrence in the subbasins. The proportion increased with the water volume supplied as
rainfall to the subbasins. It also increased as the sediment discharged directly into the
streams such as the second- and third- order valleys in downstreams. It could be occurred
that the surface flow rate increased in downstreams, thus increasing the likelihood of
sediment transport. Figure 2 shows the landslide areas and the volume of driftwoods of
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each subbasin in Naragatani River basin. A total of 12,552 cubic meters of driftwood was
generated in the Naragatani River basin. It was found that the proportions of landslide
occurences varied despite nearly identical water volumes supplied to the subbasins by
rainfall. In addition, the landslide areas contained many cedar plantations and accounted
for over 80% of driftwood generation. It was found that Volume of driftwoods was greatly
was influenced by the number of standing trees present and the vegetations in the subbasins.

Figur 1 Proportion of streams of landslide occurrence in the subbasins.

Figur 2 Landslide areas and volume of driftwoods.
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Conclusion
In this study, we focused on the Myoken and Naragatani Rivers, and identified the streams
in which landslides induced by the July 2017 Northern Kyushu Heavy Rainfall. It became
clear that when a subbasin contained many valleys, the proportion of the valleys with
sediment transport increased with the amount of water supplied to the subbasins through
rainfall. However, when a subbasin contained only a few valleys, the occurrence of
sediment transport varied despite nearly equal amounts of water supplied to the small basin
through rainfall. The mode of transport changed depending on factors such as the specific
gravity of sediment, the slope of the valley, and water depth. In the future, we will conduct
additional analyses that consider the factors of sediment transport and driftwoods transport.
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Introduction
It is generally accepted that forests are the most cost-effective mitigation measures with
respect to natural hazards. A major challenge to many areas in Norway consists in the fact
that those forest, which are considered to have protective effects, are privately owned
monocultures of spruce. These forests have often been planted 50-70 years ago and are now
characterized by increasing self-thinning processes and susceptibility to windthrow and
snow-breakage. Originally planned clear-cutting of such forests would generate direct
economic values for the forest owner but may also open/re-activate potential release areas
for avalanches.
In this case study, we evaluate the mitigative value of the forest above Sårheim, Jølster
municipality (Sogn og Fjordane; Fig. 1) against snow avalanches and discuss potential
alternatives to envisaged clear-cutting.

Figure 1 Overview of the area of interest: left) tree species and age based on SAT-Skog data (2014) and dN (= breast
height diameter × Number of trees per unit area) derived from LIDAR-data (DOM and DTM, 1 m resolution) using
FINT (Dorren et al, 2017); right) slope angle map based on DTM data (resampled to 5 m resolution). Generally, area
with slope angle between 30°° to 55°° are regarded most prone to avalanche release. In addition, panel a) shows a
simulation from two potential release areas with the extended RAMMS version (Feistl, 2015) for a case with a more
open forest scenario and b) a scenario without forest.
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Methods
We semi-automatically delineated effective avalanche protection forest for snow cover
scenarios relevant for avalanche hazard mapping in Norway based on LiDAR-Data (DOM
and DTM) and the analysis of terrain and forest-structural characteristics (Bebi et al., 2001;
Gauer, 2016, 2017). Possible avalanche scenarios were simulated with an extended version
of RAMMS (Feistl, 2015) for a snow event (fracture depth D = 1.5 m, standard-flow and
entrainment parameters for medium cold (-4○C) mixed flowing powder avalanches) and
the following forest scenarios: (1) current forest cover dominated by dense, even-aged
Spruce afforestation (K-value= 44 Pa; K is an empirical detrainment factor (Feistl, 2015);
(2) forest with reduced density after natural disturbance and/or partial harvesting (K-value
= 33 Pa); (3) clear-cut scenario without forest.

Results and discussion
The runout distance of the simulated avalanches differed strongly according to the forest
scenario. For the current forest cover, simulated avalanche velocities were not high enough
to destroy large parts of the forest and ca. 40’000m3 of snow was stopped in the upper part
of the dense afforestation. For a more open forest scenario, e.g., after a disturbance due
blowdown, snow breakage or after moderate management intervention, the runout of the
avalanche was considerably longer and even reached the road for one of the simulated
release areas (Fig. 1 a). A scenario without forest (Fig. 1 b) is characterized by more and
larger potential release areas and longer runout distances with higher damage potential.
This scenario corresponds to the state after a complete clear-cut of the existing Spruce
afforestation without remaining terrain roughness by tree stumps.
To provide sustainable and long-term avalanche protection against avalanches, it is
important to foster structural heterogeneity without significantly reducing the protection
effect against avalanches (Bebi et al., 2009). Based on experiences and research results
from similar spruce dominated and even-aged forests in the Alps, a promising approach
would be to increase resilience with small scaled regeneration cuts (Frehner et al., 2006).
Such regeneration cuts are most promising if conducted early enough (e.g. as long as
height/diameter (h/d)-ratio < 80) and with the help of cable crane techniques. Leaving high
tree stumps, logs and root plates may additionally increase the remaining long-term
protection against avalanches.

Conclusion
Clear-cutting of Spruce afforestations, which are widespread in steep terrain of Western
Norway, may strongly increase risks related to snow avalanches and other gravity driven
hazards in Western Norway. To improve natural and long-term protection against natural
hazards, incentives to continuous cover forestry and adapted management guidelines are
needed.
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Effects of a changing climate on
hazard zonation for landslides and
avalanches
Kjersti Gisnås 1, Heidi, Hefre2, Christian Jaedicke3, Frode Sandersen4
Keywords: Probability of landslide; snow avalanche; slush flow; debris flow; shallow
landslide.

Introduction
Climate change is amplifying the risk to society, with wetter and warmer weather, and more
frequent intense and localized precipitation. These changes have implications for the
distribution and frequency of hazard types in steep terrain (avalanches, debris floods, slush
flows and shallow landslides). Today's hazard maps and risk estimates are established from
historical observations and weather statistics, not accounting for the changes in climate.
Knowledge of hazard probability in future climate is vital to ensure appropriate land-use
planning, and risk assessments should therefore account for extremes in the future, rather
than in the past.

Methods
Interpolated observational weather data and regional climate predictions for Norway are
used to analyse the frequency and distribution of typical weather situations for hazard types
in steep terrain towards 2100. Weather data interpolated to 1km daily resolution (SeNorge,
1957 – 2015), is used to analyse historical events. For climate predictions we use the IPSLRCA model with the emission scenario rcp4.5, downscaled for Norway (Hanssen-Bauer et
al., 2015).

Results and discussion
Climate predictions show significant reduction in snow covered days (snow water
equivalent < 5mm) towards 2100; along the west coast the snow covered season is reduced
by more than 3 months (Fig. 1, left). The inner parts of the western fjord landscape are
today the areas of highest avalanche risk in Norway. As a result, we will expect a decrease
both in the probability for snow avalanche release (reduction in the number of possible
days), and in the run-out distance (less snow in the run-out zone and wetter snow due to
warmer winter climate).
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Figure 1 Changes in annual snow covered days (left map) and snow free days in the months from
September to December (right map) (snow water equivalent > 5 mm) between the reference period 1971 –
2005 to the period 2071-2100. Return values for 1 and 3-days precipitation at Berstad (135 meters a.s.l.)
based on observational data for 1971-2015 (upper), and climate prediction data (lower).

The number of snow free days in September-December will increase as a result of a shorter
snow season; by more than 2 months along the coast in northern Norway and in the inner
parts of the fjords in southern Norway (Fig. 1, right). Here, the highest precipitation rates
normally occur during the same 4 months. Dyrrdal & Førland (2019) suggests a 40%
increase in dimensioning values for short-lived precipitation. These factors combined will
significantly increase the future release probability of landslides in these areas.
Stryn municipality (Fig. 1, black box) has large areas vulnerable to avalanches and
landslides. A major precipitation event 14th Nov 2005 resulted in several debris floods in
the area, one of these nearly reaching houses in Berstad (Fig. 1, photo). The SeNorge data
indicates 92 mm of rain during the 3 days previous to the event, corresponding to a 5-year
return period (Fig. 1, upper right). In the climate predictions this amount corresponds to 34 year return period in the reference period (1971 – 2005), but only 1 year in 2031 – 2060
(Fig. 1, lower right). Similar analysis of multiple events in the area creates a baseline to
evaluate the hazard zones for future climate. Not only may we have to adjust the hazard
zones; the dimensioning hazard types may change.

Conclusions
Large areas in Norway are likely to experience changes in the hazard environment by the
end of the century. This study demonstrates the need to account for future climatic extremes
in hazard mapping. Detailed analysis of the expected future changes in frequency and also
extent (primarily for snow avalanches) of each hazard type has to be undertaken.
We suggest a methodology where we combine weather statistics for observed events, with
changes in extreme values for future climate. The frequency of relevant hazard types is
evaluated by establishing local threshold values for hazard release based on gridded
historical weather data comparable to the used climate predictions. The relative change in
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return period is analysed based on climate prediction data. Run-out distances for snow
avalanches should be evaluated using probabilistic avalanche models for todays and future
climate, accounting for uncertainty in model runs in order to evaluate if the change exceeds
the uncertainty.
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Conceptual model for quantification
of snow avalanche return periods
Carl Bonnevie Harbitz 1, Alf Harbitz 2
Keywords: Avalanche runout; Return period; Statistical model; Historical observations;
Extreme value distribution

Introduction
The original α/β model is a linear relationship between the (deterministic) topographic βangle in a possible snow avalanche path and the expected minimum run-out angle, α200, for
a given (assumed) return period of 200 years. The model is motivated by a good relation
between 226 historical (α,β) observations from presumably 226 different paths with an
assumed observation period of about 200 years for each observation (e.g. Bakkehøi et al.
1983, Harbitz et al. 2001).

Methods
Imagine that we for each avalanche path had a range of observed αmin-values for succeeding
200 years periods, and that we for each path found the same residual distribution (αdeviation from the α/β line) as for the original residual values (based on one residual per
path).
Such a feature would enhance the applicability of the original α/β -value even to paths
without recorded avalanche observations.
If, in addition, it is realistic to consider the most extreme α-value in a path to be the
minimum of a sufficiently large number, n, of independent α-values from one and the same
distribution, it is reasonable to fit the extreme value Gumbel distribution to the residuals,
and apply this to predict the return-period for any α-value along the path. The realism of
such a possibility could be examined for paths where there are at least two observations
with crossing avalanches at a given αcross-point with known occurrence times.
This paper outlines an extended α/β model in order to analyze return periods from
observations with recorded snow avalanches crossing a railway and their consistency with
the original α/β model. We consider the across-value corresponding to the railway location
where more than one avalanche has crossed, thus giving return period observations. While
the original α/β line is a fit to a range of α/β values with about the same amount of
observations at each side of the line, the regression α/β line for the railway location will
have observations on the lower (i.e., most extreme) side of the line only. Hence, for these
1
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data we need to multiply the observed time between two succeeding avalanches reaching
the railway by the area of the Gumbel distribution below the mean, i.e. with a factor of
about 0.43, or by a factor of 0.5 in case of a normal residual distribution. The smaller factor
for the Gumbel distribution is due to the skew (non-symmetrical) shape of this distribution.
It turns out that the distribution of times between succeeding avalanche crossing events is
nicely fit by an exponential distribution. Thus, approximate 95% confidence intervals can
be constructed for the expected return period at each railway location with observed
avalanche crossing events. We can also extend these intervals to confidence intervals for
the expected return period in the original α/β model, assuming a return period of 200 years
for the latter.

Results and discussion
Taking the estimated regression parameters in the original α/β-model (slope β = 0.96,
intercept α = -1.4 deg, and residual standard deviation σ = 2.3 deg) as true values, the
results are quite poor, with only 3 of 9 paths having 95% confidence intervals containing
200 years. All 9 point estimates were far below 200 years.
To examine the effect of the uncertainty of the original α/β line due to a limited sample
size, the residuals where bootstrapped 1000 times providing 1000 random values of α and
β and confidence intervals for the original α/β line for each of the βcross values on the Rauma
railway. 5 of the 9 paths had β-values close to the mean value of the β-values behind the
original α/β line, where the uncertainty of the regression line is smallest. Taking this
uncertainty into account in the confidence intervals for the prediction of the original α/β
line, the results were still rather poor.
Another apparent explanation to the too small predicted original α/β model periods from
the Rauma data, is that the residual variance based on the original α/β model observations
is too large to be appropriate for each path. It is reasonable to believe that the variance is a
combination of a contribution due to between-path differences and a more generic variance
common for all paths.
Hence, the next step was to split the original residuals in those two additive parts, one
generic part based on the Gumbel distribution, and the other additive normal distributed
part assumed to be due to specific between-path differences. The two residual parts were
assumed to be independent with a total variance of 2.32 deg2. With equal residual standard
deviations of 2.3/sqrt(2) deg = 1.63 deg on each part, 7 of the 9 90% confidence intervals
covered the “true” 200 years period, so a null hypothesis of an expected 200 years return
period would not be rejected at a 10% significance level.
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Conclusions
Our results indicate that there are substantial between-path differences, but also that the
Gumbel distribution of the generic α/β model may be realistic for a given path. However,
more research is needed to categorize the differences between paths and to further validate
the Gumbel model, before it will be realistic to apply the α/β model to obtain reliable
predictions of extreme snow avalanche return periods at a given α-value.
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Supercritical flow over fluvial and
non-fluvial sediments as
underestimated hazard in terms of
extraordinary floodings
Christoph Hauer 1, Peter Flödl 2, Ulrich Pulg 3
Keywords: flood erosion, supercritical flow, mountain rivers, glacial deposits, flood
hazard maps

Introduction
The results of an ongoing research project on flood hazard mitigation and river restoration
in Western-Norway determines that the systematic analysis and channel-forming processes
of rivers must be revised, including the non-fluvial nature of sediments in post-glacial
environments in terms of both (1) flood hazard analysis and (2) river restoration. During
the ice ages, glaciers have shaped the geomorphology of large areas around the world
(Esmark 1824) along mountain ranges and in arctic and subarctic regions. At the end of the
last ice age and during the Holocene, melted glaciers left diamictic deposits in mountain
valleys. These deposits were not sorted, and they had a wide range of grain-size distribution
characteristics. These non-fluvial deposits must be considered as an initial stage for rivers
and drainage systems in glacier-shaped valleys from a global perspective (Figure 1a).
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Figure 1 (a) Schematic illustration of the theory for the genesis of the sampled rivers in Western Norway,
as presented in the discussion. The simplified sequence of morphology patterns corresponds to the lower
part of Ænes River at a length of 4.7 km from sea to lake (Hauer & Pulg, 2018), (b) Froude number vs.
wetted width for the Flamselva (Norway) for characteristic flood discharges; HQx = flood with a recurrence
interval of x years.

Methods
Non-fluvial and fluvial-formed river environments can be distinguished by grain size
compositions. Specifically, the distributions of the largest particles at and in the riverbed
reflect the form of sediment deposition (Hauer & Pulg, 2018). Fluvial-formed stretches
contain minor variations in the largest sediments (Dmax) and, frequently, a clear
differentiation in grain sizes between the surface and subsurface layers. Non-fluvial
channels exhibit a large variation in grain size and the lack of surface–subsurface layer
formation. In the case of fluvial deposits on the surface of non-fluvial diamictite sediments,
a reversal in the traditional fluvial grain size distribution occurs. Here, the surface layer of
diamictic deposits, D50, are finer compared to those of the non-fluvial (D50) subsurface
layer.

Results and discussion
From a management perspective, non-fluvial or colluvium bed rivers provide different
responses in terms of flood impacts, alterations or future hydrological changes, including
the effects of global warming. This may lead to the differentiation of river systems in
morphodynamic sensitive and non-sensitive reaches correlated with fluvial and non-fluvial
sections. While non-fluvial reaches are relatively stable, fluvial reaches, such as pool-riffle
or plane bed types, are more exposed to dynamics with a high sensitivity to super-critical
flow (Froude-number > 1). In solely natural fluvial river environments, super-critical flow
is very unlikely as erosion and turnover of sediment reduce energy in the system
(transformation from kinetic energy into movement of sediments). However, narrowing of
width or constriction of the flow at bridges can force the flow regime to become supercritical especially in high gradient rivers (Figure 1b). At those sites and especially
downstream a high risk of bank-failure or overbank scouring exist if the sites are dominated
by fluvial deposits. These processes were responsible for the massive erosion and damage
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at the Flamsselva (Westland-kommune) at the 2014 autumn flood. Thus, such implications
have to be considered in a revised flood hazard and river classification system for mountain
rivers. Here, large parts of Scandinavia exhibit good examples for non-fluvial river
environments in glacial deposits due to a lack of tectonic dynamics, climate and geology.
Moreover, sediment composition is an elementary habitat feature for many aquatic
organisms (Vannote et al., 1980). The high shelter availability found in many Scandinavian
rivers may contribute to the explanation of particularly high densities of salmonid juveniles,
which can be used as an example. The ecological implications underline the need to adapt
existing channel classification approaches and include non-fluvial features.
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Towards an ‘industry standard’ for
hazard mapping in Norway:
challenges faced
Heidi Hefre 1, Peter Gauer 2, Odd Are Jensen 3, Martine Sagen Slåtten 4
Keywords: hazard zoning, rock fall, snow avalanche, debris flow, soil slide

Introduction
The need for an "Industry standard" for hazard mapping has been identified by the
Norwegian Water Resources and Energy Directorate (NVE), to provide guidelines on how
to conduct hazard zoning for gravity-driven mass flows (GDMFs) in Norway. Led by NVE,
20 persons from five different companies and two governmental agencies gathered in
March 2019, with the aim of defining guidelines for hazard mapping by the end of the year.
The expert groups have met with several difficult topics and challenging questions yet to
be answered. Weaknesses of the Norwegian legislation and important issues in need of
more research have been revealed.

Discussion
The "Industry standard" must be based on the legislation as defined in The Planning and
Building Act, Regulations on technical requirements for construction work (TEK17)
(DiBK, 2017). Here, three safety classes for accepted nominal annual probability for a
building being hit by a GDMF are defined: 1/100, 1/1000 and 1/5000 (Table 1). It is stated
that the probabilities are given for GDMFs with an intensity which can cause loss of life,
or serious harm to health or property. The need of a clear definition of intensity criteria for
each hazard type is identified, as the existing phrasing opens up for subjective
interpretations.

Table 1.

The three safety classes presented in Table 1, poorly distinguishes different residence times
and is not considering how different building types will withstand GMDFs. E.g., safety
class S2 will include both a barn and an apartment building for up to 25 persons. The fact
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that very different buildings, both when it comes to use and type, have the same
requirements for acceptable hazard, can make it challenging to locate safe areas.
The Planning and Building Act defines the annual probability to be set per 30 m (width of
building plot). For a housing estate of 30 houses placed just outside the hazard zone of
annual probability 1/1000, it would not likely be well perceived that one of these houses is
accepted to be reached by a rockfall statistically every 33 years. The practice in such cases
is often that the hazard zones are placed further downslope, resulting in conservative zones
assessed differently in different settings.
Best practice for establishing hazard zones of 1/1000 and 1/5000 annual probabilities has
also been discussed. This is a challenge, as there is very limited statistical record to base
the assessment on.
The need for a formalized system concerning validity and revisions of established hazard
zones is recognized by the expert group. The regulations do not state any expiration date
of produced hazard zones, and NVE has a challenge dealing with different assessments of
the same area overruling each other. A validity of 15 years, like in Austria, has been
considered, but a system where the municipalities consider the validity of a hazard
assessment with any new development is proposed. A system for handling revision of
hazard zones after establishment of mitigation measures is also needed.
Today, third party controls of assessments are not required for hazard mapping. It is
suggested to introduce this for buildings in safety class S3, e.g. hospitals, schools. It is also
discussed that this should rather be decided by the complexity of the case, corresponding
to standards in Eurocode.
A central question in the efforts of establishing an "Industry standard" for hazard mapping,
has been finding the right level of detail. If the requirements are set too high, it will increase
assessment costs considerably. It is suggested to differentiate the level of effort depending
on the safety class, i.e. more effort is required for an assessment for a school (S3) than a
garage (S1). Still, it is also argued, that the legislation does not open for some safety classes
having lower quality assessments than others.
Several topics are identified to be poorly handled in present practice of hazard mapping.
Rock slides with volume up to 100 000 m3 are included in hazard zoning, but how such
landslides should be assessed is not well defined. Also, release areas for soil slides and
slush flows are challenging to identify, as these potentially could cover vast areas, with
limited chances to differentiate the probability of release. Today, climate change effects are
not included in hazard assessments, and the implications of this should be investigated.
The differences between hazard zones specified for each type of mass movement, in respect
to combined hazard zones for all relevant hazard types, have also been highlighted. Today,
combined hazard maps are produced, but it is discussed whether this provides the best value
and usability.
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Conclusion
The work establishing guidelines for hazard zoning has shed light on topics in need of
improved methodology and increased knowledge. In addition, revisions of the Norwegian
legislation concerning hazard mapping is proposed.
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Emergency response planning along
the River Thaya - dealing with pluvial
and fluvial floods
Raimund Heidrich 1, Jürgen Waser 2
Keywords: Emergency response planning, pluvial floods ,fluvial floods, numerical and
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Introduction
Because of significant damages due to several pluvial and fluvial flood events in the past
years in the River Thaya, its tributaries and in its catchment area, the local political leaders
decided to get active. They founded two water boards, including 5 political districts and 24
municipalities with a total area of around 2600 km². The idea was to investigate the whole
area for fluvial and pluvial flood hazards, as basis for the creation of emergency response
plans.

Methods
The works started with the creation of base data for the hazard analysis, which has been
done through hydrodynamic 2d modelling of pluvial and fluvial floods. With the
involvement of stakeholders, relevant scenarios were selected for which vulnerability
analyses were carried out. The last step was to define organisational and technical
preparation and emergency measures.
The hydrodynamic 2d modelling was performed with the software Visdom, which solves
the shallow water equations over a rasterized terrain model. Visdom allows simulating
large areas even using a detailed raster with 1x1m resolution, which bases on airborne
LIDAR-data. The graphically appealing, clear presentation of the calculation network and
the integration of essential building parameters enables both the hazard and vulnerability
analyses to be carried out directly in the modeling software. An export of the result data
and the analysis in a GIS system could thus be omitted. The modelling works include
simulations of river floods in the River Thaya and its tributaries for three different flood
scenarios (low, medium and high return period) and simulations of pluvial floods based on
up to four different rainfall scenarios of different rainfall intensity and duration.
Additionally breach simulations of dams were also investigated. In the course of the hazard
analysis, the relevant scenarios were evaluated in cooperation with local stakeholders. In
the next step, a vulnerability analysis was performed for these selected scenarios. Taking
into account the expertise of the local stakeholders, an object-oriented analysis of the
1
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impact on buildings was carried out. In the course of this, misinterpretations based on
inaccuracies of the input data were eliminated.
The emergency response plans consist of three parts. Part A includes information about the
legal situation, the responsibilities in different states of a flood event, the warning and
alarm-system and communication rules for the municipalities and political districts. Those
rules, guidelines and requirements were jointly defined with the relevant stakeholders
(mayors, leaders of the political districts, civil protection officials, chiefs of local fire
brigades and other emergency organizations).
Part B deals with measures. For each relevant scenario of pluvial or fluvial flooding
preparatory measures and emergency measures, both organizational and technical were
defined, considering parameters like preparation time, water depth in the flooded areas or
the type of affected buildings. The effectiveness of technical preparation and/or emergency
measures was evaluated directly in Visdom. Thanks to the excellent graphic display and
the high performance, defense measures like sandbag-dykes brought in by local
stakeholders could be implemented directly in Visdom with just a few clicks during the
workshops. This enabled highly interactive work.
Part C is the appendix, including hazard maps, emergency maps that support the operational
command and maps of “hot spots” in the case of pluvial flooding, where emergency
measures are most effective.

Results and discussion
A main result of the extensive hazard analysis was the identification of areas that are
potentially affected by pluvial flooding. This “hints for land use planning” are a very
important information for mayors, who are not only responsible for emergency
management in their municipality, but also are the building authority who determine the
settlement development areas. The possible flood areas are often well known by locals.
However, landowners like to ignore this danger. The authority now has map material and
clear 3D visualizations in hand to take awareness-raising measures. Due to the size of the
processing area, essential structures influencing the surface runoff such as sidewalk edges,
garden walls or house entrances could not be taken into account. The flood areas shown in
maps and videos are therefore subject to certain uncertainties. However, the professional
graphic visualization does not suggest this. This was sometimes difficult to convey in the
workshops, but it is important to mention it.
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Figure 1 Example of pluvial flooding (shown in blue colour) in the village of Hohenau, Dobersberg after
50mm of rainfall in 15 minutes; building colour shows max. water depth: yellow = min. 50cm; red = min.
100cm
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A simple method to estimate debrisflow hydrographs for hazard
assessment
Johannes Hübl 1
Keywords: debris-flow hydrograph

Introduction
Assessing debris-flow hazards using a numerical simulation tool is based on a quite big
number of parameters, like input hydrograph, event volume, roughness coefficients or
rheological parameters. But only a few of them have been measured so far in a couple of
torrential watersheds. There are a lot of debris-flow volumes documented, a few hundred
stage curves published, monitored under different conditions, but measured discharge
curves of debris-flow surges are rarely found in literature. Therefore the required input
parameters for numerical models have a high degree of uncertainty with regard to the
accuracy of the underlying data. In order to get a rough idea of a debris flow surge, a simple
method requiring just two or three parameter that have been already recorded or can be
estimated in the field is of interest. For hazard assessments or designing purposes in
ungauged torrential watersheds the most relevant input parameters are the peak discharge
and the cumulative discharge curve. The shape of a debris flow stage curve usually shows
an increase of height within a few seconds to the peak, followed by a recession of seconds
to minutes. For surges of a short duration the stage curve looks like an oblique triangle.
Hence the runoff hydrograph, generated by a design rainfall, and the debris flow
hydrograph is similar in shape, but differs in respect to base time and peak height. That is
why in this study parameters defining a dimensionless hydrograph are introduced. In order
to calculate the peak discharge the default estimate of available sediment volume of
torrential catchments is used.

Simplified model
To determine the debris flow hydrograph a dimensionless unit hydrograph (DUH) is used.
To get some information about the shape of these hydrographs, observed flow stage curves
of debris flows were evaluated, taking into account the base time, the time for the rising
and the recession limb, presuming the debris flow consists of only one surge. For practical
use the DUH developed by Kreps (1957) is applied. According to the NRCS-SCS
procedure the shape factor (SF) and the peak rate factor (PRF) are implemented.
Calculating the quotient (X) of the recession time (tr) to the time to peak (tp) the peak rate
factor is derived, with a conversion factor (Cv) equaling 1 for SI-Units and a temporal
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resolution in seconds. The ordinates of the DUH are then calculated for a multiple of the
time to peak according to Kreps.
𝑋𝑋𝑋𝑋 = 𝑡𝑡𝑡𝑡𝑟𝑟𝑟𝑟 ÷ 𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝑆𝑆 =

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =

(1)

𝑋𝑋𝑋𝑋 + 1.5
3

(2)

𝐶𝐶𝐶𝐶𝑆𝑆𝑆𝑆
1
3
=
=
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑋𝑋𝑋𝑋 + 1.5 𝑋𝑋𝑋𝑋 + 1.5
3

(3)

Torrential hazard assessment usually estimates the volume of sediments (Vs) that may be
mobilized during an event. To calculate the total volume (Vdf) of the debris-flow the
volumetric sediment concentration (cv) may be used as a parameter that varies typically
within a range from 0.4 to 0.7. The total volume of a debris-flow can then be estimated by
dividing the sediment volume (Vs) with the volumetric sediment concentration.
Multiplying the PRF with the quotient of the total volume of the debris-flow to the time to
peak the peak discharge (Qdf) is derived. The debris-flow hydrograph can then be calculated
with:
𝑄𝑄𝑄𝑄𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝑆𝑆 ∙

𝑉𝑉𝑉𝑉𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝑉𝑉𝑉𝑉𝑠𝑠𝑠𝑠
3
𝑉𝑉𝑉𝑉𝑠𝑠𝑠𝑠
= 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝑆𝑆 ∙
=
∙
𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝
𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣 ∙ 𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝 𝑋𝑋𝑋𝑋 + 1.5 𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣 ∙ 𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝

(4)

This method was tested for several monitored debris flow events with one or several surges
and the results indicate to have a simple method to get a rough estimate of the peak flow,
to act as an input hydrograph for numerical simulations or to check the plausibility of the
results of more sophisticated numerical models.
Additionally the peak runoff of a Unit Volume (Qdf (UV)) of sediment (1 m³) can be derived,
just utilizing the relation of the time of the recession to the rising limb (X), the time to peak,
which varies for single surges between 2 and 6 seconds and for intermittent surges between
5 to 20 seconds, and the volumetric sediment concentration, which itself can be seen as a
function of the total volume.
𝑄𝑄𝑄𝑄𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 (𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈) = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝑆𝑆 ∙

𝑉𝑉𝑉𝑉𝑠𝑠𝑠𝑠
3
1
=
∙
𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣 ∙ 𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝 𝑋𝑋𝑋𝑋 + 1.5 𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣 ∙ 𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝

(5)

Multiplying the peak discharge of a Unit Volume with the estimated volume of mobilized
sediments results in the peak discharge of a debris-flow surge. It seems that for single
surges of a short time base and usually total volumes of less than 2000 m³ the peak
discharge of a Unit Volume is about 0.1 m³/s, whereas for intermittent surges of total
volumes of more than 10.000 m³ the peak discharge of a Unit Volume is about 0.0025 m³/s.

Discussion
This method allows to roughly estimate a debris flow hydrograph. Some shortcomings of
this method still remain. An expert has to decide, if the mobilized sediment evolves to one
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continuous or to several intermittent debris-flow surges of short or long duration. One big
advantage is the possibility to get a quick analysis of different scenarios with only a few
varying parameters.

Conclusion
So far this method was only tested with data from monitoring sites of the European Alps,
provided by the responsible research institutions. Within the next year further results will
show if this method stands the test.
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Introduction
Recently, a high-resolution digital elevation model (DEM) with a grid cell size of less than
1 m was constructed using airborne laser measurements. Furthermore, light detection and
ranging (LiDAR) data are being acquired nationwide. The aims of this study were to
perform microtopographic analysis using a high-resolution DEM based on LiDAR data
obtained before and after a debris flow disaster and to develop a highly accurate method
for assessing the probability of slope failure on hillsides using statistical analysis.

Methods
The study area was Asaminami Ward, Hiroshima City, Hiroshima Prefecture, Japan, where
a sediment disaster occurred due to heavy rainfall on 20 August 2014. Many slope failures
on hillsides and debris flows triggered by the slope failures occurred as a result of torrential
rain. In this study, areas of slope failure were extracted by inspection of aerial
orthophotographs and a red relief image map based on laser profiler data obtained by
airborne laser measurements after the disaster using ArcGIS 10.2 software. Topographical
analysis and probability assessment were, in principle, performed in a grid with a cell size
of 5 m. Slope, transverse curvature, longitudinal curvature, and catchment area were
analyzed as physiographic factors. Statistical analysis was performed by discrimination
analysis using topographical factors as explanatory variables and the presence or absence
of slope failure as objective variables, and a relational expression describing the influence
of topographical factors on the risk of slope failure was derived.

Results and discussion
A total of 185 slope failures cells were extracted, that is, 0.3% of the 58,543 cells in the
whole study area. The average slope of each cell was 34.3 degrees, and 92.6% were more
than 20 degrees.The transverse curvature, differences in frequency distribution were
identified between failure and non-failure areas as shown in Figure 1.
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Figure 1 Histogram of transverse curvature for failure and non-failure areas

The relational expression derived from discrimination analysis is

where Y is the identification score, x₁ is the slope angle, x₂ is the transverse curvature, x₃ is
the longitudinal curvature, and x₄ is the catchment area. The identification score of each
cell was evaluated by the substitution of topographical factors for each factor in Equation
(1). A boundary value Y=–0.4 was set to separate slope failure areas from non-slope failure
areas, a discrimination between failure and non-failure was performed, and the hit ratio and
miss ratio were then calculated.
The hit ratio was calculated as follows: (number of cells where the judgement was
consistent with reality)÷(total number of cells ) × 100 = 67.4%.
The miss ratio was calculated as follows: (number of cells where the judgement disagreed
with reality)÷(total number of cells) × 100 = 32.6%. It was found that the obtained method
for assessing the probability of slope failure using Equation (1) was effective for another
area adjoining the north side of the study area.

Conclusion
A total of 185 slope failures cells were extracted, that is, 0.3% of the 58,543 cells in the
whole study area. The average slope of each cell was 34.3 degrees, and 92.6% were more
than 20 degrees. Discrimination analysis showed slope failure was most affected by
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transverse curvature and occurred frequently in valleys where water accumulates readily.
It was found that the obtained method for assessing the probability of slope failure was
effective for areas with similar topographical and geological features. In the future, the
validity of the method must be verified by application to other areas with different
topographical and geological features.
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Introduction
Hazard indication maps (HIMs) show areas where a certain type of hazard must be
reckoned with. In countries like Norway with low population density and high hazard
density, HIMs play an important role in early-stage land-use planning. The present, secondgeneration HIMs (HIM-2G) for snow avalanches in Norway, released in 2010, was
produced automatically by applying a topographic-statistical run-out model to all DEM
cells with inclination 30–60°. Not accounting for local climate and forest cover, the
potentially endangered areas tend to be excessively large in low-lying, maritime regions
and can be too small in high-altitude continental regions (Figure 1).
To address the strongly perceived need for a better HIM, NGI and NVE developed a
methodology and code (termed NAKSIN) for producing HIMs for areas of 100–1000 km2,
that should be conservative, yet realistic with respect to return periods of 1000 years.
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Figure 1 Comparison of HIM-2G with HIM produced by NAKSIN. Left: Bergen, sea level, maritime climate. HIM-2G's
zone of potential avalanche hazard shown in light red hatching. PRAs from NAKSIN in blue, run-out areas in full
red. Right: Tyinstølen, 1000 m a.s.l., continental climate. HIM-2G's release and run-out areas indiated by full black
and red lines, NAKSIN's release areas in blue, run-out areas shaded yellow, orange and pale red. Overlaid grey
areas indicate observed avalanche events.

Methodology implemented in NAKSIN
The code of NAKSIN is a command-line Python 3 program with a modular structure that
mirrors the logical steps of a snow avalanche hazard analysis:
1. Identify all potential release areas (PRAs) based on complex topographic criteria.
2. Estimate the annual release probability p and fracture depth for each PRA:
Integrate the release criterion Θ(τg(z,HS,HNW3d) − τc ) over probability
distributions for the location z and strength τc of a weak layer, the old-snow depth
HS, and the 3-days increase of snow depth HNW3d. Here local climate and forest
data are extensively used. Θ(x) = 1 if x > 0 and 0 otherwise. τg is the gravitational
shear stress at the weak layer.
3. Simulate all avalanches with p > 0.001 y−1 with a quasi-3D Voellmy-type model.
4. Construct the avalanche hazard indication area as the union of the maximum
reaches of all simulated avalanches.
Before running NAKSIN, the user prepares a DEM, a polygon of the mapping area and
raster data for average winter temperature Tw, maximum annual snow depth HSmax and 3days new-snow water equivalent HNW3d for different return periods and (if available)
raster data of crown coverage, areal tree density and average trunk diameter. Postprocessing includes critical assessment of map plausibility, possibly manual corrections for
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powder-snow avalanches or historical events and symbolizing the map according to local
standards. While NASKIN itself is completely independent of GIS, users will carry out
these steps with their preferred GIS.
In Norway, rasterized climate data (e.g., normal temperature 1971–2000, daily
temperature, HS and HNW) are available for the entire country at a spatial resolution of 1
km2; they are derived from meteorological stations, meso-scale simulations and empirical
snow models. From these data, the extreme-value statistics of HSmax and HNW3d were
derived. A major challenge consists of accounting for the pronounced altitude dependence
of these quantities at the smaller scales required for evaluating PRAs. This is presently
attempted by linear regression of Tw and the parameters of the extreme-value distributions
of HSmax and HNW3d against the mean altitudes of the 1 km2 cells.
Another crucial ingredient in estimating the release probability is the weak-layer shear
strength τc. Preliminarily, NAKSIN assumes a log-normal probability distribution, which
depends on Tw and snow density.

First results and discussion
NAKSIN has been tested against detailed hazard maps in all of Norway's climatic zones.
In most cases, the results have been good to excellent. Figure 1 shows two extreme cases:
In the coastal city of Bergen (left panel), HIM-2G indicates potential hazard almost
everywhere, whereas NAKSIN finds the release probability of PRAs near the inhabited
areas to be less than 0.001y−1 due to elevated values of Tw. HIM-2G's hazard zone at
Tyinstølen, in continental high-mountain climate, falls 300 m short of observations;
NAKSIN fully captures the observed event thanks to the dynamical run-out model.
The major problems found so far are too high release probabilities at high altitude in highprecipitation maritime climate and—most serious—underestimated release probabilities in
arid, cold areas. Ongoing R&D work focuses on improving the method for altitude
interpolation of snow data and the model for the shear strength of the weak layer.
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Introduction
Previous research on how climate change will affect shallow landslides and debris flows in
southwest British Columbia suggested that projected changes in debris flow frequency
would be on the order of a 10% increase (Jakob & Lambert, 2009). Advances in climate
modeling now allow higher resolution modeling of precipitation compared to the work
completed in 2009. At this new resolution, deep convection can be explicitly simulated,
and the representation of land-atmosphere interactions is significantly improved. This
paper is one of the first studies that attempt to predict both changes in the frequency and
magnitude of shallow landslides due to climate change impacts. This work suggests an
increase of up to 300% in the frequency of shallow landslides until the end of this century
accompanied by an increase in landslide magnitude of up to 50% for Relative
Concentration Path (RCP) 8.5.

Methods
In the North Shore Mountains, which constitute most of Vancouver’s drinking watersheds,
Metro Vancouver maintains a robust landslide documentation system for the Seymour
River, Capilano River, and Coquitlam River watersheds. Use of this database, in
conjunction with climate modelling, allows a projection of changes in the frequencymagnitude relationship of debris avalanches and debris flows.
The principal objective of this study was to predict the change in the number of shallow
landslides and debris flows in the Metro Vancouver watersheds given projected increase in
rainfall volumes and intensities over time. As a first step, this required the creation of a
statistical model explaining the occurrence of landslides from historical data. The second
step then involved forcing this model with climate change projections, thus allowing an
estimate of future landslide numbers. A Generalized Linear Model (GLM) was used to
predict changes in landslide frequency. Multiple linear regression (MLR) was used to
predict changes in shallow landslide magnitude.
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Results and discussion
We regressed the average landslide volume against the suite of hydroclimatic variables.
Two variables were selected as being significant in a forward stepwise linear regression
based on threshold significance values (p-values) of 0.01. These two values are the 1-day
antecedent rainfall and the 2-hour rainfall intensity that are then formulated as a multiple
regression equation
𝑵𝑵𝑵𝑵𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳 = 𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞 (−𝟎𝟎𝟎𝟎. 𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐 + 𝟎𝟎𝟎𝟎. 𝟎𝟎𝟎𝟎𝟐𝟐𝟐𝟐𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎 ∗ 𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔 + 𝟎𝟎𝟎𝟎. 𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎 ∗ 𝟐𝟐𝟐𝟐𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑 + 𝟎𝟎𝟎𝟎. 𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎 ∗ 𝟎𝟎𝟎𝟎𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏) + 𝒆𝒆𝒆𝒆

This model, combined with a climate model ensemble the Coupled Model Intercomparison
Project Phase 5 (CMIP5; Taylor et al., 2012) applied for RCP 4.5 and 8.5 and ranked using
the magnitude-cumulative frequency approach, yielded the predictions shown in Figure 1.

Figure 1 Changes in landslide frequency-number relationship for baseline conditions and future climates
for the 2050s and 2080s time frames.

Landslide magnitude was estimated with the following equation where VLS is the landslide
volume, 1 day the one-day antecedent moisture and 2 hrs is the 2-hour rainfall intensity
shown in Figure 2.
�
𝑉𝑉𝑉𝑉𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = −2718.44 + 320.23 ∗ 1𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 + 71.02 ∗ 2ℎ𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

-2.
212 |

INTERPRAEVENT 2021 – EXTENDED ABSTRACTS

Figure 2 Changes in landslide frequency-magnitude relationship under different RCP scenarios and for
the 2050s and 2080s time horizons.

Conclusions






Landslide frequency has likely increased over the time of the landslide inventory
and landslide magnitude has very likely increased since approximately 2005.
A landslide frequency model was established that suggest that a combination of
antecedent precipitation (3 weeks and one day) and landslide-triggering storm
rainfall intensity (6 hours) best explains the number of landslides in the Metro
Vancouver watersheds
Projections were achieved for RCP 4.5 and 8.5 and for the 2050s and 2080s. The
anticipated increase in the number of landslides by the 2050s is in the range of 140
to 280%, while for the 2080s it ranges between 130 and 380%. Over time, sediment
depletion should increase the number of landslides
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Introduction
The occurrence of debris flows is mostly associated with intensive rainfall events of short
duration (convective rainfall) or long lasting rainfall. In some cases snow melt may be a
factor (Mostbauer et al. 2018). The prediction of the initiation of such events based on
critical rainfall (e.g. intensity-duration thresholds) is complicated by two main limitations.
First, there are large uncertainties with measurement of the temporal and spatial distribution
of rainfall in small alpine watersheds. Secondly, the disposition of a torrential watershed to
develop a debris flow may vary over time. This variable disposition (Kienholz 1995) can
be connected to the hydrological state of a catchment, to sediment availability, or land cover
changes, e.g. after a wildfire. In this contribution we investigate the hydro-meteorological
trigger conditions of debris flows in the Austrian Alps and how they differ to that of fluvial
floods. We additionally assess whether there are some topographic effects that influence
the critical initiation conditions.

Methods
We developed a semi-distributed, process-based rainfall-runoff model for six regions in
Austria, ranging from high-alpine environments to pre-alpine watersheds, for which long
time series of rainfall and runoff measurements are available and debris flows and fluvial
floods occurred in the sub-watersheds. The modelling period for the six regions ranged
from 46 to 71 years, including 3 to 43 days were debris flows were observed and 3 to 22
days were fluvial floods were observed. The model was run on a daily time-scale. Hence
we analysed the hydrological system state on days were debris flow and fluvial floods were
observed and compared it to the days were no event was observed. The hydrologic model
includes several storage components that represent snow and glaciers, unsaturated soil,
interception, as well as fast and slow responding system components. Within a region
different precipitation and elevation zones were modelled separately on a daily basis. For
model calibration a likelihood-based method was used to derive posterior distributions of
43 calibration parameters. A detailed description of the model and uncertainty assessment
can be found in Prenner et al. (2018; 2019). For better representation of the different trigger
conditions that can lead to torrential events we ex-post differentiate between the trigger
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type long-lasting rainfall events (LLR), short-duration storms (SDS), and snow melt (SM).
Hydrological and meteorological data to calibrate and run the model were derived from
public sources. Topographic characteristics of sub-catchments were debris flows were
observed, were derived from a 10 x 10 m digital elevation model.

Outcomes
We find subtle differences between critical trigger conditions of debris flows and fluvial
floods, which manifest mainly for long-lasting rainfall events. Measured precipitation and
antecedent moisture conditions are significantly different between trigger types. Hydrometeorological parameter values also vary between regions, however, show a similar
temporal pattern. For example, a short-duration rainfall trigger tends to have a negative
gradient of soil moisture on the days before the event occurs, while debris-flow initiation
in the course of long-lasting rainfall is associated with a continuous build-up of soil
moisture. We have no data to assess whether these different trigger conditions are related
to different initiation mechanisms (e.g. channel bed erosion vs. slope instability). On a
regional scale, there is evidence that events triggered by short-duration storms are
independent of aspect, but tend to happen more often in smaller and steeper catchments.
The main outcome of our study is that the initiation of torrential processes is associated
with different hydro-meteorological trigger types. Taking into account the variations of
hydrological history of a watershed improves the predictive power of forecasting tools.
However, hydro-meteorological information and topography are not sufficient to predict
whether a debris flow or a fluvial flood will occur. For that probably more detailed
information on geomorphologic disposition (e.g. sediment availability in the channel) is
needed.
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Introduction
On 17 June 2017 a rock avalanche occurred in Karrat fjord, west Greenland, releasing ca.
40 Mm3 rock masses into the fjord. The rock avalanche caused a tsunami that flooded the
village Nuugaatsiaq at 30 km distance taking four lives and destroying 11 houses.
Nuugaatsiaq and the nearby village of Illorsuit were evacuated in the days following the
rock avalanche and continue to be evacuated to this date. Three historic and pre-historic
landslides were previously described in some detail, but the disaster of 2017 highlighted
the need for a better assessment of the risk of large, tsunamigenic rock avalanches in
Greenland.
The Geological Survey of Denmark and Greenland (GEUS) was initially tasked to do a
one-year screening of the risk of large rock avalanches. The screening was followed by a
three-year project (2019-2021) to do a risk assessment for all inhabited parts of Greenland.

Methods
In this project, remote sensing is integrated with field mapping, marine surveys using
multibeam, shallow seismics and coring, seismic recordings of non-tectonic surficial
events, climate observations and tsunami modelling in a multidisciplinary approach. The
applied remote sensing techniques includes satellite optical imagery (Landsat, Sentinel-2),
Google Earth, InSAR (Sentinel-1) and nadir and oblique aerial images (internal GEUS
data). The challenging conditions for field work in Greenland make remote sensing
techniques especially valuable.
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Results and discussion
Based on previous work (Dahl-Jensen et al., 2004; Pedersen et al., 2002), it was clear that
the sedimentary/volcanic Nuussuaq Basin in the central part of West Greenland stands out
as a locus of landslides. During the initial screening of entire Greenland, more than 500
landslide deposits or scarps were mapped (Svennevig, 2019), and two thirds of these are
located in the Nuussuaq Basin (figure 1). Bathymetrical data reveal large postglacial
avalanche deposits in the Vaigat Strait south of Nuussuaq.
In the Nuussuaq Basin, large pre-historic slides are evident to have included bedrock of
volcanic rocks and Cretaceous-Paleocene sediments. In contrast to this, the presently
unstable slopes typically consist of loose sedimentary cover with poorly developed back
scarps. Large ridges or blocks of volcanic rocks are present in some unstable areas.
However, there is rarely sign that in situ bedrock is included in the deforming areas,
suggesting that these instabilities are caused by reactivation of older slide deposits or
previously stabile talus cones. The InSAR data from the unstable areas generally show
velocities of > 1 mm/day or decorrelation due to higher velocities or poor reflectivity of the
highly disturbed surface.

Figure 1 Mapped postglacial landslides in Greenland (Svennevig, 2019).
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A comparative study of two rock
glacier front slope failures (South
Tyrol, Eastern Italian Alps)
Christian Kofler1, Volkmar Mair2, Ian Nettleton3, Francesco Comiti4, Maria Cristina
Todisco5, Stefan Steger6, Marc Zebisch7, Stefan Schneiderbauer8
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Introduction
The front slopes of two active rock glaciers - Hintergrat (HIN) and Similaungrube (SIM) failed during a heavy rainfall event on the 13th of August 2014. The rock glaciers, although
both located in the Vinschgau/Venosta Valley (South Tyrol, Italy), are about 35 km distant
from each other. In both cases, the failure developed into a debris flow that affected
downstream infrastructure. The event at HIN (see Figure 1) damaged a pedestrian bridge
and a hiking path, while the failure at SIM provoked a substantial sediment input into a
downstream located hydropower reservoir.
In this paper, we provide first results of a comparative back-analysis of the two failure
events. In the context of ongoing climate warming, such or similar events are likely to
become more frequent, as reports from neighbouring regions show (e.g. Bodin et al., 2017;
Kummert and Delaloye, 2018). Besides their relevance in terms of alpine hazard
management, a detailed study of these two events yields valuable insights into the forming
and failure behaviour of different rock glacier types.

Methods
Geomorphological and meteorological reconstruction: Aerial images (acquisition dates:
2008, 2011, 2014), multi-temporal digital surface models (DSM, acquisition dates: 2006
and 2016) and footage taken by civil protection authorities immediately after the events
allowed a detailed reconstruction of topographic conditions prior and after the failures. The
approximate volumes of displaced material were computed by subtracting the pre- from
the post-failure DSM. In addition, daily temperature, precipitation and snow height data
from nearby weather stations was analysed.
Ground investigations: In summer 2018, three sediment samples of the composing material
of the rock glacier HIN were taken and analysed according to their grain size distribution
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(GSD), particle shape and strength properties. A sampling campaign on SIM was scheduled
for late summer/autumn 2019.
Slope stability modelling: Pre- and post-failure cross sections along the mapped detachment
scarps were extracted from the DSMs. Due to a temporal offset between the acquisition
time of the DSMs and the actual failure event, the obtained cross sections had to be
corrected taking into account rock glacier advance and average yearly melt rates. A slope
stability analysis based on the limit equilibrium method using Bishop’s simplified approach
was conducted. Hereby, a probabilistic failure modelling setup was adopted. The strength
parameters cohesion c’ and friction angle φ as well as for the pore water coefficient ru were
defined as random input parameters with a Gaussian distribution.

Preliminary results and discussion
Recordings from adjacent weather stations show strong rainfall events prior and during the
failures. Visible spring outlets let assume additional water input from channels within the
rock glacier body. Furthermore, water input due to snowmelt may has played a role in
triggering the events. First geotechnical modelling results for HIN indicate that the active
layer has failed due to excessive pore water pressure conditions (i.e. a factor of safety < 1
at a ru > 0.5, see Fig. 1).

Conclusion and outlook
Topographic investigations confirmed the assumption that failure mechanisms at both rock
glaciers can be defined as debris slides on the active layer that developed subsequently into
debris flows. The origin of the excessive water input however could not be fully clarified.
Further investigations will concentrate on the role of different lithologies (sedimentary vs.
metamorphic) and sediment origins (glacial till vs. hillslope talus) of the rock glacier’s
composing material on the stability of their fronts.
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Figure 1: HIN failure event; Upper part: Elevation changes between 2006 and 2016 on both pixel and cross
section level and frontal view on the detachment scarp (photo provided by the Autonomous Province of
Bozen). Lower part: Factor of safety (FoS) plotted against ru (mean c’ = 20kPa, mean φ = 35°)
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EVOFOND : a simple 1D model for the
simulation of erosion and deposition
processes caused by torrent extreme
floods
Damien Kuss1, Yann Queffelean2, José Vazquez3, Olivier Marco4, Simon Carladous5,
Gilles Isenmann6, Rémy Martin7
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Introduction
In the context of torrent hydraulics, the assessment of changes in streambed elevation
during floods is essential to identify possible failure zones in torrent protection systems.
Given the lack of scientific knowledge about sediment transport in mountains, it is thus
essential to compare several methods of analysis: historical flood records, longitudinal
profile study, Lidar shadow mapping, observations of deposits on the ground, hydraulic
calculations. In the present document, we introduce a new and complementary tool: the 1D
EVOFOND model dedicated to the modelling of streambed changes during torrential
floods with bedload transport.

Model presentation
EVOFOND was developed in 2018 by the French ONF-RTM department in collaboration
with ICube-ENGEES. It is a simple 1D model combining sediment transport and hydraulic
calculations. The sediment transport component is based on the resolution of the Exner
equation (mass conservation). Sediment discharges are calculated using the energy grade
line and not the channel slope which is important to take into account bed changes that may
occurs near sudden narrowing or enlargements of the channel. For hydraulics it was made
the choice of simplicity and efficiency: the energy grade line is calculated assuming a
critical flow regime without any flood wave propagation. Given all possible uncertainties
(hydrology, sediment transport, hydraulics…) these hypotheses seems appropriate in the
context of short torrential reaches on dejection fans.
The numerical resolution is worked out using an unstructured grid according to an explicit
definite difference scheme, and with decentred calculation of hydraulics against sediment
transport.
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EVOFOND has many interesting features : (a) first, it can take into consideration
unscourable points or sections often met within torrents (dams, aprons, or bedrock outcrop);
(b) it integrates numerous formulas for sediment transport adapted to the context of
torrential streams (Rickenmann, Recking, Lefort,…); (c) finally, it uses MS EXCEL´s
interface tailored to the needs of engineers, but with calculations that are carried out outside
of the software in PYTHON language.

Feedback from the first tests on real cases
Two interesting points emerged when the model was used on real cases with reaches
equipped with torrent control structures. First, depending on the hydro-sedimentary
scenario taken into account at the model’s upstream boundary condition (more or less
concentrated floods), one may bring out different possible failure zones. Floods with high
sediment transport may cause deposits from the apex of alluvial fans while deposits can
occur downstream with less concentrated flows (generally associated with bed incision at
the fan apex, if the bed is not fixed with check dams). Secondly, the fact of taking fixed
points into consideration combined with the model's ability to reproduce effects of abrupt
enlargement and narrowing, emphasizes the regulating role of torrent control structures.
This is a very interesting point, often observed in reality during intense floods, but still not
very studied by the scientific community.

Figure 1: Illustration of a result of EVOFOND in a french torrent equipped with check dams and
sediment traps.
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Conclusion
The first uses of the EVOFOND show its utility in cases of short torrential reaches
including fixed points or sections (dams, aprons, ...), and/or with abrupt change of width in
the stream bed. Thanks to its simplicity and ease of implementation one may rapidly test
the consequences for several flood scenarios. Considering the fact that for most real case
scenarios it is impossible to validate the model, it is crucial to cross-validate results against
historical and geomorphological analysis.

-3.
224 |

INTERPRAEVENT 2021 – EXTENDED ABSTRACTS

14th Congress INTERPRAEVENT 2021
Norway – Extended Abstract
www.interpraevent.at

Probabilistic avalanche runout
analysis
Zhongqiang Liu1, Dieter Issler2
Keywords: Probabilistic analysis, snow avalanche, dynamic model, Monte Carlo
simulations

Introduction
According to the Norwegian building regulations, houses must not be constructed where
the nominal annual probability of a hit by any mass movement exceeds 10−3. The reach of
events with so low probability cannot be determined from local observations, but must be
modeled. However, such calculations contain considerable uncertainties, including the
stochastic nature of weather and the formulation and the parameters of empirical or
mechanical models. The objective of this paper is to present an efficient, yet quasi-3D,
probabilistic avalanche run-out model with which to quantify various sources of
uncertainties in hazard zoning without sacrificing realistic description of complex terrain
effects.

Model
In a fully probabilistic approach to avalanche hazard, both the release probability and
probability of run-out need to be estimated. Here we assume the annual release probability
prel to be fixed and attempt to quantify the conditional probability of an avalanche impacting
a given location, assuming that an avalanche with annual release probability prel is released.
For the probabilistic run-out calculations, NGI’s quasi-3D dynamic model MoT-Voellmy,
which implements the Voellmy friction law and an entrainment module, was coupled with
a Monte Carlo (MC) process enhanced with Latin Hypercube Sampling (LHS) in a linear
workflow:
1. Produce a computational grid for the area of interest.
2. Interpolate meso-scale climate data to the computational grid.
3. Determine the potential release areas from observations or from geometric
criteria (slope, size, curvature, shape).
4. Estimate the probability distribution functions (PDFs), mean and standard
deviation of the fracture depth h0, friction parameters μ, k and snow shear
strength τc for each relevant avalanche path.
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5. Generate random samples (h0, μ, k, τc) according to the PDFs.
6. For each sample simulate the avalanche with MoT-Voellmy.
7. For each cell in the domain, count hits from all sample simulations.
The code for steps 5–7 is highly parallelized. For efficiency, look-up tables for the desired
PDFs of the stochastic variables are generated beforehand with the help of a script.

Results and discussion
For an exploratory application, a typical hazard-mapping problem with several release
areas and limited observational evidence was selected. We assumed h0, μ, k, and τc to follow
Beta distributions around mean values chosen on the basis of experience (Fig. 1, left panel).
The lower and upper bounds of the PDFs were set so as to reflect our (subjective) estimate
of how well we know the values of each of these variables, with 0.8 to 1.3 times the mean
value as a typical range.
Thanks to LHS, the probabilities predicted with 24 MC trials in the 4D parameter space are
comparable to the ones with 1000 simulations. However, where topographical obstacles
like the pronounced gully to the east of the mountain side (Fig. 1, right panel) impose a
threshold for crossing them, reliable uncertainty mapping required a significantly larger
number of trials (about 1000 in this case). The resulting maps showed plausible hazard
extents when compared to the available historical records and field evidence. The farm (red
pentagram in Fig.1, right panel) in the middle of the area beneath the mountain side is
exposed to avalanches from two different paths (only eastern path shown). According to
these simulations, the probability that it will be hit by at least one avalanche within a period
of 1000 years is > 95%.

Conclusions
Probabilistic run-out analyses of avalanches and estimation of the annual probability of
avalanche are essential elements in the assessment of geohazards. They require a clear
understanding of the relevant scenarios and sound judgment in quantifying the
uncertainties. We showed that probabilistic run-out calculations with quasi-3D models are
feasible with moderate computational resources and that the uncertainties of deterministic
simulations are larger than many practitioners assume. It will be difficult to establish
consideration of uncertainty in hazard mapping, because definite yes–no answers are
required. Yet, once the probabilistic approach is extended to estimating the avalanche
release probability, the run-out uncertainties are reinterpreted as one of the factors
determining the spatial distribution of avalanche probability and can thus be incorporated
in the final result.
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Figure 1. Sample calculation with the probabilistic run-out model. Left: Cumulative probability distribution
functions used for the four variables. Right: Simulations of one path corresponding to estimated
probability of 0.001 y−1. The turquoise rectangle measures 1.0×1.2 km². The fingering of the avalanche in
the gully is only obtained with a sufficiently large number of Monte Carlo trials (figure based on 1000
simulations).
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Landslide risk mapping in Sweden, in
a changing climate
Hjördis Löfroth 1, Karin Bergdahl 2, Karin Odén 3, Gunnel Göransson 4, Ramona
Kiilsgaard 5, Åsa Jönsson 6, Godefroid Ndayikengurukiye 7, Mats Öberg 8
Keywords: landslide risk mapping probability and consequence slope stability climate
impact

Introduction
Many areas in Sweden are susceptible to landslides, particularly areas along watercourses
flowing through layers of loose soil. In these vulnerable areas, the effects of climate change
may be very tangible, e.g. when a higher water flow causes increased erosion and a
deterioration in soil layer stability. The aim of SGI’s (Swedish Geotechnical Institute)
landslide risk mapping is to provide an overall picture of the landslide risks along specific
watercourses, not only under current conditions but also from a long-term perspective
stretching to 2100. This abstract describes the overall risk method first developed in the
Norsälven river valley, which was further adapted in the Säveån river valley analysis

Methods
Probability - The stability of a slope is normally expressed by the factor of safety, i.e. the
ratio between the driving and resisting forces on a slope. A landslide occurs when the
driving forces are larger than the resisting forces. To assess the probability of a landslide,
the traditional computation of the factors of safety is complemented with the uncertainty
that is inherent in the parameters that have been incorporated. The stability is analysed with
the aid of parameters that have been assigned a variation that reflects their uncertainty. The
variation is determined using experience and statistical data from similar areas. Each
calculated section represents an area with similar geotechnical and geometrical conditions.
The probability of a landslide has been divided into five categories, S1-S5, where S5 has
the poorest conditions. The borders between the different probability categories have been
set based on European and Swedish building standards, which are generally used for the
construction of buildings.
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Consequences - Alongside the computation of the probability of a landslide, the
consequences of a landslide along the river valleys have also been assessed. The
consequences for buildings and transport routes in the area, as well as contaminated areas
(MIFO-classified areas), have been evaluated qualitatively based on four aspects: life,
environment, economic impact and societal function. The consequences have been divided
into five consequence classes, K1-K5, where K5 imply the highest consequences. There is
no exhaustive description of all the consequences, and no economic impact evaluation.
Landslide risk - All parts of the investigation area have been allocated a probability
categorisation and a consequence categorisation. The combination of these two categories
forms a pair that determines the risk category. The classification can also be seen in a
matrix, showing the ratio between different risk categories.
Climate impact - Expected climate changes will entail higher river flow levels in the future,
resulting in increased erosion of the toe of the slopes and the river bed. It will also result in
higher groundwater levels and porewater pressures. This will have an impact on the
probability of a landslide occurring mainly due to changes in geometry of the slopes along
some parts of the river. The effects of the probability are designated ‘sensitivity to climate
impact’ and have been placed into three categories: low, moderate and high. Sensitivity to
climate impact is reported on the probability and landslide risk maps using different line
types along the banks.

Results
The results are presented in maps that are arranged into landslide risk maps, probability
maps and consequence maps. An example of a risk map for Säveån River is shown in
Figure 1.

Figure 1 Overview, example of landslide risk map. (© SGI, Swedish Mapping, Cadastral and Land
Registration Authority, Geodata Collaboration).
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The results are available as SGI Publications with printed maps, as well as in a map-viewing
service.

Conclusions
With an overall knowledge of landside risk areas along prioritised watercourses in Sweden
it is possible to make a substantiated assessment of areas that demand more detailed
geotechnical investigations, and at the same time identify where adaptation measures
(geotechnical reinforcement measures and climate adaptation measures) generate the
greatest public benefit and are most cost-effective. The municipalities concerned also
acquire a more complete basis regarding the probability and societal consequences of
landslides within built areas and in areas where new construction is planned.
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Project ALBINA: A consistent and
multilingual cross-border avalanche
forecasting system
Rudi Mair1, Norbert Lanzanasto2, Alex Boninsegna3, Christoph Mitterer4
Keywords: avalanche forecasting; danger assessment; consistency

Introduction
Effective avalanche forecasting relies on two major factors: (1) a consistent danger
assessment based on various sources of information and physics-based knowledge in
natural processes by the forecasters and (2) a consistent and coherent way of
communicating the forecasted avalanche situation. Currently, about 29 forecasting centres
in the European Alps assess the regional avalanche danger for their area on a regular basis
and inform the public through regional avalanche bulletins. Techel et al (2018) showed that
comparison between neighbouring avalanche danger forecast systems revealed potential
sources of inconsistency in both assessing and communicating avalanche situations. Main
contributing factors for inconsistency were due to (1) varying size of the warning regions,
(2) differences in language and culture, (3) operational constraints in the production and
distribution of the avalanche forecast products and (4) different interpretations of the
avalanche danger levels. In order to foster the efforts in harmonising warning production
and communication and consequently increase the value for the users, three forecasting
centres within the European Avalanche Warning Services (EAWS), namely Tirol from
Austria as well as South Tyrol and Trentino both from Italy, teamed up with the main goal
to develop and implement a conceptual framework in line with EAWS standards and best
practice. The avalanche danger assessment is jointly communicated through
www.avalanche.report.

Consistency, quality and value in forecasting
We based our conceptual framework on the thoughts made by Murphy (1993) regarding
the quality of forecasts in general. According to Murphy (1993) a good forecast must fulfil
a high degree of consistency, quality and value. Since quality and value are hard to quantify
in avalanche forecasting, we followed the conclusions of Murphy (1993) stating that a high
degree of consistency will assure high quality and value. We addressed consistency at two
parts of avalanche forecasting: (1) At the avalanche danger assessment process itself and
at the communication towards all users.
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Towards consistent workflow and system settings
For our three warning services, the size of individual warning regions varied considerably
(median area Tirol: 970 km2, median area South Tyrol: 680 km2, median area Trentino: 290
km2 ), thus the representation was not consistent among the three warning services. Based
on a cluster analysis with 24-h new snow sum values and expert’s opinion by the forecaster,
we defined smaller warning regions. In Trentino, forecaster worked already with a set of
smaller warning regions and thus a more detailed subdivision was not necessary according
to our best-value requirements. In Tirol the formally 12 regions were subdivided in 29 new
warning regions (median area 345 km2), in South Tyrol the used 11 regions were
subdivided in 20 new warning regions (median area 292 km2). Together with the 21 existing
warning regions of Trentino, the entire area of the Euregio is now represented with 70
warning regions. In addition, we unified timing of publication and validity. Now all three
avalanche warning services publish at 17:00h a forecast which is valid for the next day (024h). Finally, we focused through a common workflow on how to assess avalanche danger,
i.e., we tried to assure that the judgment, which evolves in the forecasters head follows
state-of-the-art evaluation and assessment procedures.
Based on the experiences of the first operational winter season (winter 2018-2019), we
compared the avalanche danger level statistics of the joint forecasting domain to the
findings of Techel et al (2018). First results show that already with the above-mentioned
adaptations towards a consistent workflow and system setting, we could increase the
consistency across the three forecasting centres of Tirol, South Tyrol and Trentino (Figure
1). With other words, we increased our agreement rate level, which is slightly below values
for a single forecasting centre with a team of face-to-face forecasters (Techel et al., 2018).

Figure 1 : Box plot showing the agreement rate (Pagree) across forecast center boundaries (a) analyzed
by Techel et al (2018) and (b) across forecast center boundaries of the Euregio Tirol, South Tyrol and
Trentino stratified by the distance between the center points of warning regions. The box plots show the
median (bold line), the interquartile range (boxes), 1.5 times the interquartile range.
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Conclusion
Within the project ALBINA, we had the opportunity to address objects notoriously known
to be potential sources of inconsistency when assessing and communicating avalanche
danger across forecasting borders: e.g. (1) avalanche danger assessment and forecasting
production, (2) timing and validity of publication and (3) effective geo-communication.
Experiences from our first operational winter season showed that our approach is valid and
increases consistency between neighbouring forecasting centres. Increased consistency in
turn adds value to all users of public avalanche forecasting products.
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Development of Environmental and
Disaster Risk Information System
(EDRIS)
Kuniaki Miyamoto 1, Masaru Onodera 2, Takahiro Itoh 3
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Introduction
One of the engineering issues to prevent and/or to mitigate a disaster is understanding the
relationship between the magnitude of a disastrous event and the characteristics of the
disaster such as extent of the disastrous area, time evolution of the phenomena and so on.
However, a disaster is usually taken place as a series of or a sequence of disastrous events
and is also associated with natural and social environmental changing. Therefore, an
actual disaster could appear as a complicate or unexpectable phenomena. We are
developing an integrated supporting system ‘EDRIS’ for understanding such
characteristics of disasters. In this paper, we introduce the concept and the outline of the
‘EDRIS’.

Basic concept of ‘EDRIS’
Fig. 1 (a) shows a schematic diagram of a disaster. ‘EDRIS’ must follow the time
evolution of the events. The combination of the sequence of events must be extremely
diverse. EDRIS is designed to treat such a huge number of possible sequences of the
events.
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Figure 1 overview on the different components of EDRIS: (a) Schematic diagram of a disaster and a
sequence of the events., (b) Data base structure of EDRIS, (c) System diagram of EDRIS for rainfall
disaster, (d) Simulation programs for EDRIS

System diagram of ‘EDRIS’
To understand such characteristics of a disaster, it is useful to build up a database of the
simulation results on the sequences of the possible disastrous events. And the database
must be looked up easily. The database of EDRIS, therefore, is designed to be composed
by physical and logical parts. The physical database is composed by many series of
simulation results, and the logical database is composed by the indexes to look up, such
as the program/ event-type, the parameters, the information on the event sequence, etc.
The sequences of events are explained by using directory structure of the physical
database as shown in Fig. 1 (b), which is the database structure of EDRIS. The depth of
the directory of physical database corresponds to the order of the events, that is time
evolution of the disaster/events. We name such physical database ‘event chain database’.
The path of each directory corresponding to the order of the sequence is stored in the
logical database.
To construct and operate the database, we developed application programming interface
(API/IF) programs. Fig. 1 (c) shows the system developed based on EDRIS for rainfall
induced disaster. In this case, a watershed runoff model, sediment yield model, debris
flow model, flood model, etc. would be installed, and connecting with monitoring
equipment, the suitable simulation results can be extracted from the event chain database
by calculating some searching indexes of the logical database.
A system has been also developed for the disasters due to volcanic eruptions in Indonesia.
Several simulations have been conducted by using the system (Rukmini et al., 2019;
Shimomura et al., 2019). We have prepared simulation programs listed in Fig. 1 (d) for
the EDRIS.
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Final remarks
EDRIS is developed on Ubuntu Operation system. Therefore, EDRIS has large flexibility,
that is, scalability and portability. We also develop a ‘Job Control Program’, which can
produce and control the batch que to conduct numerous simulations to construct the event
chain database.
Acknowledgements: This research was conducted as a research collaboration with Univ.
of Tsukuba, CTI Engineering Co., Ltd., and Asia Air Survey Co., Ltd. in Japan. Authors
should be thankful for them.
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Introduction
Forests play an important role in protecting settlements from natural hazards. Thanks to
these forests, structural protection measures can be avoided in many places. Knowing the
value of this ecosystem service provided by the forest is key to find optimal management
alternatives (Bianchi et al. 2018; Nesshöver et al., 2017). A realistic monetisation of
ecosystem-based solutions can only be guaranteed if long-term costs and benefits are
considered. The aim of this study therefore is to provide a methodology to assess the Net
Present Value (NPV) of a protection forest complex against rockfall using a risk-based
approach and integrating the variability over time due to disturbances and silvicultural
interventions. We calculate the NPV of the protection service of the forest at the case study
site in Mendrisio (Southern Switzerland) and then compare it to the one of rockfall nets
and the NPV of a combination of forest and rockfall nets.

Methods
We compared four different rockfall protection scenarios over a period of 100 years to a
scenario without rockfall protection: “forest”, “forest and net” (flexible permanent rockfall
nets), “forest and temporary net” (nets only in case of a large forest fire) and a unforested
scenario “net” with permanent rockfall nets. Costs to be included in the NPV calculation
are forest management interventions, net construction, and benefits are the risk reduction
and wood sales. The risk reduction is monetised as avoided costs, i.e. the difference
between the yearly rockfall risk for subjacent elements at risk with and without measure.
We calculated the annual risk for persons and infrastructure based on rockfall simulations
with the three-dimensional rockfall model RockyFor3D (Dorren, 2015) Uncertainties in
the protection effect due to possible forest fires were simulated over a period of 100 years

Dr., Postdoc, Interdisciplinary centre for mountain research, Universite de Lausanne, Chemin de
l'Institut 18, Bramois, CH-1967, Switzerland (christine.moos@unil.ch)
2
Bern University of Applied Sciences
3
University of Geneva
1

-1.
INTERPRAEVENT 2021 – EXTENDED ABSTRACTS

| 237

using a Monte-Carlo approach. We derived the size and frequency of forest fires from forest
fire inventory data.

Results and discussion
Both the protection forest and the rockfall nets effectively reduce rockfall risk at the study
site by about 75% per year. This study shows, however, that the two types of measures
crucially differ in their NPV’s (Fig. 1). The NPV of the nets is highly negative (-124’100
CHF/ha), indicating that they are economically not worthwhile at this study site. The NPV
of the protection forest is highly positive (162’400 CHF/ha). The variation of the NPV due
to fires is very low and the influence of this disturbance on the long-term efficiency of the
protection forest is small. Building temporary nets in case of a large fire can restore the
protective effect. Their NPV is, however, lower compared to the situation without net.

Figure 1. NPV over time for the four protection measure scenarios (forest, forest + net, forest + temporary
net, net) (above) with no fire (solid line) and a simulation run with two forest fires of 6.2 ha (t = 13 years)
and 0.9 ha (t = 27 years) (dashed line). Fire occurrences are marked with orange triangles. The plot below
shows risk reduction for the differrent protection scenarios and the same simulation runs (without fire
and with two forest fires of 6.2 and 0.9 ha).
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Conclusion
By calculating the NPV of a forest considering its risk reducing effect, we provide a
methodology for a realistic valuation of its protective effect. The presented approach can
serve as basis to find optimal combinations of investment in natural hazard prevention, be
this ecosystem-based or structural measures.
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multiple debris-flow surges
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Introduction
An underrate problem in engineering practice is the run-up of debris flows against obstacles
to ensure retention capacity and structural safety. The most commonly used concept to
predict the run-up H is based on the energy principle (EP-model):
𝐻𝐻 = ℎ� +

𝑣𝑣��
2𝑔𝑔

(1)

Other models are the moment jump model (MJ-model) (e.g. Jóhannesson, 2009), or the
Smooth- Momentum-Flux model (SMF-model), a concept described by Takahashi and
Yoshida (1979). Based on flume experiment observations, Iverson et al. (2016) adapted
both, the MJ-model:
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as well as the SMF-model:
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Parameter of equations (1-3) are defined in Figure (1 b) with a schematic drawing.
Equations 2 and 3 account for the earth pressure coefficient  which reflects the
longitudinal rigidity of the flowing mass. For debris flows values may range from = 0.2
at the elongation of the flow (active earth pressure coefficient) to  = 5 (passive earth
pressure coefficient) which correspond to a larger longitudinal compression of the flow
(Hungr, 1995).
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All the above models indicate a dependency on the Froude number (Rickenmann et al.,
2019) which highlights the ratio of inertia to gravitational forces for debris flow run-ups.
In this contribution, we present run-up measurements for multiple natural debris-flow
surges based on real time observations.

Methods
The monitoring barrier is situated in the Gadria torrent, Italy, and consists of a concrete
element of 1 m width and 3 m height. Two vertical oriented ultra-sonic sensors were used
to determine the flow height; one sensor is situated in front the barrier and the other one
2 m aside the barrier. Two camera systems were used to determine the surface velocity by
particle tracking.

Results
The event of July 21, 2018 exhibit eight surges with a maximal flow height of 2.25 m and
velocities up to 3.5 ms-1 and can be described as a sediment-laden flow evolving to a debris
flow. The second event a debris flow, which occurred on June 11th 2019, exhibits also
multiple surges with flow heights up to 2.5 m and velocities of 3 ms-1. The precursory
sediment-laden flow, observed with a Froude number of 3.8, results in a run-up value up to
9.2 times of the incoming flow height (H/hf = 9.2). In contrast, the evolved debris-flow
surges exhibit vertical jets with run-up ratios up to H/hf = 4 and Froude numbers near to 1.
In Figure 1a, the observed run-up ratios are plotted against the Froude numbers Fr and
compared to the prediction concept described by equations (1-3).

Discussion and conclusion
It is notable that the commonly used EP-model seems to underestimate the run-up in super
critical regime (Fr>1) and deviates significantly from the fitted curve of the observations.
The MJ-model does not show any approximation to the observations, despite variations of
the earth pressure coefficient from 0.2 to 5. The same variation of the earth pressure
coefficients, however, shows little influence when predicting run-up ratios with the SMFmodel. The SMF-model fit best to the observations and shows only little displacements to
a higher Fr-numbers (Figure. 1a). In this case of an adverse slope of 90°, the SMF-model
neglect the basal friction angle. Nevertheless, results of small scale experiments by
Rickenmann et al., (2019) indicate an increasing basal friction angle for increasing Frnumber.
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Figure 1: (a) Relative run-up ratios of multiple surges of observed natural debris flows versus the
Froude number of the flow, (b) definition of the parameters of equation 1 to 3 with an illustrative
drawing.
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Introduction
Mapping regional rockfall hazard is a challenging task that requires considering the rock
failure susceptibility and the likelihood that rockfalls will reach infrastructures. Terrains
can be steep and hardly reachable when mapping the source areas. To optimise the time
spent on the field, cliffs that might pose a threat can be preliminarily mapped using 3D
rockfall simulations. A brief explanation is presented on how this task can be enhanced if
the simulated rockfall trajectories are linked to their sources and reached infrastructures.

Methodology
3D Rockfall simulations were performed on a real complex terrain to demonstrate how
filtering out linked simulated trajectories might complement a regional rockfall hazard
analysis. The chosen terrain, with a horizontal footprint of 2x2km, is located near the city
of Aigle, in Switzerland. It is characterised by being covered with many different
infrastructures and mitigation measures on the lower mid section of a 700m high mountain
face. The base of the face is at about 440m elevation and its top at about 1160m.
For the simulations, the ground is represented in point cloud with about 31 million of points
spaced by about 30cm. It was directly extracted from the classified .laz file of the
governmental 2015 airborne LiDAR acquisition covering the region, upsampled with 2.5D
linear interpolation and subsampled by distance using the CloudCompare software. Impact
against infrastructures, existing mitigation measures and trees are also detected using point
cloud extracted in the same way.
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For the origin of the rockfalls, 8405 sources were spread on the cliffs with slopes equal or
steeper than 55°. They are distributed based on a 3D grid and centered on the mean
coordinates of the ground points contained in each 3D cell. This allows a more
homogeneous distribution along the cliffs to reduce representation bias. In contrast, based
on comparisons we have done, sources spread on 55° cliffs using 2D grid/raster for example
are about 8 times more numerous than those on 85° cliffs. This leads to important bias that
reduce the reach probability of steep cliffs by almost one order of magnitude.
Simulated blocks with diameters along the 3 main axis of moment of inertia of 2.2, 1.8 &
1.1m, volume of 3m3 and mass of 7800kg were placed on each source, tangent to the
face, and thrown 50 times.
The 420’250 obtained 3D trajectories were exported linked with the information
concerning their respective source and reached infrastructure. Their footprints were
mapped considering the largest diameter of the blocks. Indeed, the width of the paths should
correspond to the size of the simulated blocks, since large blocks have a greater reach.

Results & discussion

Figure 1 – Simulation results for the site.

The Figure 1 shows the exact same mapped results from the simulations in a) and b). On
the left (a), all trajectories and sources are shown. It is possible to see the effect of the
present berms and fences that reduce by 1 to 3 orders of magnitude the reach probability.
Visually tracking the trajectories from the reached buildings to the corresponding sources
precisely is nearly impossible.
On the right (b), only the trajectories that reached present buildings are shown with the
corresponding sources colored based on the reach probability (white to brown source
points, based on how likely a block falling from a source can reach a building, in % from
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a ratio of 0/50 to 50/50). This resulting map shows buildings and cliffs that might require
attention. Cliff inspection and field work can then be planed efficiently.
Afterwards, finding the optimal paths where mitigation measures could be placed would
be facilitated. The length of the planned mitigation measures and the maintenance cost
would be optimised by focussing at catching only the problematic rockfalls.
Also, if hazard is defined as the multiplication of the local rock probability to failure with
its probability to reach, then it is mandatory to be able to link these two components
together to move toward an accurate hazard evaluation.

Conclusion
Being able to discretize cliffs by spreading representative sources in 3D and to isolate
potentially problematic sectors with the help of the linked 3D simulated results opens new
possibilities for precise 3D rockfall hazard assessment. These relatively simple features
should be implemented in 3D rockfall software.

-3.
INTERPRAEVENT 2021 – EXTENDED ABSTRACTS

| 245

14th Congress INTERPRAEVENT 2021
Norway – Extended Abstract
www.interpraevent.at

Japanese approaches of earlywarning for sediment disasters using
rainfall indices with radar observation
Yasuhiro Nomura 1, Hiroaki Nakaya 2
Keywords: sediment disaster, warning and evacuation, band-shaped heavy rainfall

Introduction
More than 1,000 sediment disasters have occurred every year due to frequent torrential
rainfall, vulnerable geology and steep terrain in Japan recently. We had as many as 3,459
sediment disasters, especially in 2018. While budget resources for structural measures are
limited, early warning and evacuation measures have been urgently needed. And recently,
it has been possible for us to utilize real-time rainfall data of a weather radar system. This
article introduces our approaches to provide early warning information for appropriate
evacuation with radar observation.

Methods
Main methodology of Japanese early-warning system is to set a criterion (critical line: CL)
based on hourly rainfall and soil–water index in each 5-km grid mesh covering the nation.
The system uses the Radial Basis Function Network method to set the criteria primarily
based on past rainfall records in the region. Sediment disaster risk is evaluated by plotting
real-time and predicted rainfall records as a 2-dimentional trajectory line (so-called “snake
line”) with the determined CL in each region. When a snake line exceeds the CL, sediment
disaster risk is judged to be high. This system is aimed at facilitating evacuation of residents
prior to disasters. Quantitative rain forecast is not good enough for use in the above
mentioned method. We have developed an object-oriented method for detecting bandshaped heavy rainfall. We had a severe sediment disaster which killed 77 people in
Hiroshima city in 2016. It was clear that cumulus clouds developed one after the other
drifted by large scale wind flow and yet apparently settled over the same area. Severe
localized torrential rain was observed in a narrow zone for a few hours. It is very difficult
to predict this type of heavy rainfall in advance with current operational hands-on earlywarning information system. We developed detecting method for this type of rainfall by
the following steps:




1
2

Heavy rainfall area size delineation and elliptical approximation
Ratio of major axis to minor axis
Wind direction
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Heavy rain potential index

We have tested the effectiveness of this supplemental band-shaped heavy rainfall detection
method to heavy rain induced sediment disasters, including July 2018 disaster with 118
victims in Japanese western region.

Results and discussion
Application of the band-shaped method to this heavy rainfall shows that band-shaped heavy
rainfall appeared and stayed for 4 hours in Hiroshima area and for 8 hours in Ehime area
(Fig-1). It seems possible to detect band-shaped heavy rainfall on real-time by using this
method. It remains to be seen, though, how to evaluate the stagnancy of heavy rain by 2dimensional rain area shapes. With 3-dimensional radar data via multi parameter radar, it
might be possible to improve the detection accuracy of stagnancy of band-shaped heavy
rain. Further, this type of heavy rain is known to appear and stay in places with specific
characteristics of wind direction and topography. We are going to examine these factors as
well. The month of July 2018 saw more than 2,500 sediment disasters, 53 places of which
were with casualties. Early-warnings were issued in advance in all places. Early-warnings
were issued in 505 municipalities in total. 41% forecast sediment disasters properly. It
shows that the early-warning information has accuracy to some extent. However, the lead
time from information issuance to disaster occurrence had a difference from less than 2
hours to more than 20 hours. For more appropriate evacuation, it is necessary to analyse
the hazardous areas and time at risk by considering other factors related to sediment
disasters, like topography and geology into consideration.

De t e ct e d b a n d - s h a p e d
h e a vy ra in fa lls

Ho u rly ra in fa ll

(ra d a r/ ra in ga u ge -An a lyze d )

~

Figure 1 Example of detected band-shaped heavy rainfalls in July, 2018
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Conclusions
The early-warning information system for sediment disaster has been used in Japan over
10 years. It has been used as a pivotal warning information for evacuation in advance. It
was also effective in the severe disaster last year up to an expectation. A band-shaped heavy
rainfall detection method has been supplementally developed. Trial operation of a bandshaped heavy rainfall detection system has been begun in model prefectural governments
for examining how to utilize it for warning evacuation. We need to improve these systems
by using high resolution radar data and predisposing local geo-characteristics in order to
analyse high risk areas better.
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Introduction
The landscape in Western Norway is characterized by deeply incised glacial valleys and
fjords. Steep valley sides, high alpine relief and rock mass fatigue due to multiple glacial
cycles make this landscape prone to rock slope failures involving more than 100’000 m³
and up to several millions m³ of rock. Many rock avalanches occurred shortly after
deglaciation, but rock avalanches are still the most disastrous landslide type in Norway
with about 2-4 events per century and at least 174 casualties in the 20th century alone.
The Geological Survey of Norway (NGU), in collaboration with the Norwegian Water
Resources and Energy Directorate (NVE), systematically maps and analyses unstable rock
slopes (URS) in selected counties, which show signs of post-glacial deformation. These
investigations comprise also a hazard and risk assessment (Hermanns et al. 2012) and
consider displacement waves and damming of rivers as secondary effects. Here we present
the first complete hazard map for rock avalanches for the county of Møre & Romsdal (ca.
14 500 km²).

Methods
The identification of URS is mostly based on visual interpretation of hillshades of digital
elevation models, orthophotos and satellite-based interferometric synthetic radar
measurements (InSAR). Field work and periodic displacement measurements provide the
basis for an objective and qualitative hazard assessment, followed by a quantitative
consequence assessment and finally the risk classification (Hermanns et al. 2012). For landuse planning, preparedness and mitigation purposes, NVE and NGU assigned annual
probabilities to the qualitative hazard classes (Blikra et al. 2016).

Results and discussion
Out of 325 investigated slopes in Møre & Romsdal, 78 URS show evidence of post-glacial
deformation (Figure 1a). For the hazard and risk assessment, we consider different failure
scenarios representing different compartments of an URS, which might fail independently
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from each other (Hermanns et al. 2012). For the 74 risk-classified URS a total of 99
scenarios were defined. The annual probability is below 1/5000 for 70 scenarios, between
1/1000 and 1/5000 for 21 scenarios, between 1/100 and 1/1000 for 7 scenarios and higher
than 1/100 for 1 scenario (Figure 1b). The risk level is low for 51 scenarios, medium for
26 scenarios, medium-high for 16 scenarios, and high for 6 scenarios (Figure 1c). Based
on these risk classifications, no monitoring or further investigations are required for 49
URS with low hazard or low risk, whereas periodic monitoring is recommended for 22
URS with medium hazard and medium to high risk. URS with high to very high hazard and
high risk are continuously monitored URS (e.g. Åknes and Mannen) and early-warning
systems are set up.
This first complete hazard map for rock avalanches in Møre & Romsdal County shows
areas that can be reached by rock avalanches and their secondary effects, such as
displacement waves (for 28 sites) or damming of rivers (for 22 sites). Out of a total
population of ca. 265’000 in Møre & Romsdal County, ca. 750 are living in the run-out
area of rock avalanches and more than 7000 inhabitants are exposed to displacement waves.
This map highlights also areas without rock avalanche hazard, which is particularly useful
for land-use planning by imposing no land-use restrictions due to rock avalanches. Such
information can only be given with systematic regional investigations and not by local
investigations of single URS.

Conclusion
The systematic mapping, analysis and hazard and risk classification of 74 unstable rock
slopes in Møre & Romsdal County resulted in the first complete hazard map for rock
avalanches, highlighting hazardous areas that can be reached by rock avalanches and their
secondary effects. This hazard map is a valuable tool for land-use planning, preparedness
and mitigation purposes. Similar hazard maps will be made in the coming years for other
counties in Norway.
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Figure 1: Unstable rock slopes in the county of Møre & Romsdal: a) map of the 74 URS according to
hazard level and volume; b) cumulative frequency distribution of the hazard score; c) risk matrix for the
99 scenarios considered for the rock avalanche hazard map of Møre & Romsdal.
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Introduction
Tools related to vulnerability and risk assessment are required to support decision
making. We propose a guideline based on the results of recent research in Austria and
Italy that supports decision makers in assessing the physical vulnerability of buildings at
the local level in European mountain areas. Given the severity and frequency of recent
events, we focus only on dynamic flooding.

Methods
The methodological approach is based on the collection, standardisation and normalisation
of data concerning the characteristics and the surroundings of buildings (vulnerability
indicators) that suffered damages during recent dynamic flooding events (PapathomaKöhle et al., 2019). All buildings experienced the damaging effects of dynamic flooding
ranging from absolute destruction to light damage. A GIS database was developed
containing the standardised and normalised scores for each characteristic and the degree of
loss (monetary damage/building value) for each building resulting from the disastrous
event. We used a permutation-based feature selection (Boruta selection) to select only the
indicators that significantly contributed to explaining the degree of loss. Based on these
results, a physical vulnerability index (PVI) was developed for each building. As far as the
resilience is concerned, the PVI can developed for the same buildings based on their current
characteristics indicating in this way the level of “building back better (BBB)” of the
settlement. Moreover, additional indicators may be collected that are related to the
resilience of the building, in terms of its ability to recover in a timely manner from the
impact of dynamic flooding.
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Results and discussion
The Boruta selection rejected 15 of the initial indicators and confirmed the relevance of 7
indicators. Based on these results a “Guideline for assessing the physical vulnerability of
buildings to dynamic flooding” was compiled. The guideline prompts decision makers to:
1. Develop a GIS database containing the relevant vulnerability indicators for each
building (Table 1).
2. Consider the additional indicators not selected by the Boruta selection (Table 1)
for two reasons: first, they offer valuable information for emergency planning and
second, they may be used to validate and improve the Boruta selection in the future.
3. Consider resilience indicators that can be correlated with the recovering times (if
available) at a later stage (Table 1).
4. Calculate the PVI of each building at the time of an event and after reconstruction.
In this way, the “build back better” following disastrous events may be
demonstrated and vulnerability reduction can be monitored.
Table 1. The list of relevant, additional and resilience indicators

Relevant indicators

Additional indicators

Resilience indicators

Exposure

Number of floors, geometry

Use of 1st floor

Vulnerability to water intrusion

of the building, maintenance

Proximity to roads

Height of openings (above the

level, quality of openings,

More than one entrance

ground)

existence of basement and

First or second home

Height of surrounding wall

basement openings, ground

Type of insurance

Material of surrounding wall

slope, surrounding

Location of electricity

Building row towards the

embankment, surrounding

appliance

torrent (shielded by (an)other

vegetation, raised entrance,

Location of heating

building(s) or not)

protruding parts, auxiliary

appliance

Orientation (long side of

buildings, wall thickness,

building parallel or

material, distance between

perpendicular to the flow)

buildings, location of
openings

5. Provide targeted homeowners with recommendations and suggestions on specific
local adaptation measures based on their PVI.
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6. A detailed manual will become available explaining in detail the nature, collection,
standardisation and normalisation of indicators and the Boruta selection.
7. A detailed list of local adaptation measures that reduce the impact of dynamic
flooding will be also included.

Conclusion
The presented guideline for decision makers may enable them to deal with, analyse, assess
and reduce the physical vulnerability of buildings to dynamic flooding. It is tailor made for
buildings in the European Alps, however, it may be adapted and used to other areas in the
world. Additional data and research is considered necessary for the validation and
improvement of the Boruta selection and the PVI.
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Introduction
Between October 27th and 30th, 2018 the Eastern Alps were hit by a severe storm named
Vaia. The storm brought strong wind and heavy rainfall, both culminated on Monday 29th.
In Italy, the windstorm caused the loss of 8 million m3 of standing trees (Motta et al., 2018),
and the rainfall triggered floods and related geomorphic processes, such as bank erosion,
sediment/vegetation transport, and debris flows. In the Province of Trento (275 mm of
rainfall on average in 3 days measured by 97 ground stations, corresponding to a median
48-h return period of 115 years), more than 300 events of such type were reported during
those days, counting only the most important (Piccolroaz and Michelini, 2018). One of the
most violent was the extreme debris flow of the Rotiano Creek, which caused the collapse
of check dams and struck the village of Dimaro. Starting from the early post-event period,
significant efforts have been spent to investigate the phenomenology of such exceptional
debris flow, in order to extract all information useful to support flood hazard management
in this and in other watersheds historically equipped with similar structural measures.
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Study site and methods
The Rotiano Creek is a typical Alpine stream with a watershed of about 2.5 km2 spanning
from 2050 m a.s.l. to 840 m a.s.l. at the apex of the alluvial fan; the Melton index of 0.76
indicates susceptibility to debris flows (Fig. 1a). As it often occurs in Alpine valleys, the
alluvial fan is inhabited (the village of Dimaro covers about the 60% of its surface). After
the 1882 historical flood, several defence works have been realized to mitigate the debrisflow hazard. The interventions continued in the 1970s with the construction of 16 large
check dams in the upper part of the watershed. More recently, in the 1990s and 2010s, two
open check dams and corresponding sediment trap systems were built in the lower and
middle channel reaches. During the 2018 event, most of the historical defence works
collapsed and others lost their functionality due to massive stream bed erosion. No
structural damages before the event were reported. Two days after the event, on October
31st, a photogrammetric survey by drone was executed to support the emergency and
recovery operations on the alluvial fan (Fig. 1b); a second survey was done on November
7th on the middle-upper part of the watershed.

Figure 1: a) Location map of the Rotiano watershed; b) 3D reconstruction of the debris-flow deposits at
Dimaro based on UAV photogrammetric survey; c) Huge boulder (more than 100 m3) intercepted by the
open check dam downstream of the deposition basins built in the 2010s; d) 1970s check dam in the upper
part of the watershed lost its functionality due to massive stream bed erosion during the debris flow.
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Results and discussion
The photogrammetric surveys provided a quantification of the sediment volume mobilized
31stalong the channel, and a post-event picture of the defence works’ and watershed’s
conditions. The sediment traps built in the 2010s contributed to stop part of the sediment
load, including some huge boulders (about 20 000 m3 ± 2 800 m3, Fig. 1c). However, the
sediment volume mobilized during the event was exceptional due to the unexpected
collapse of the upstream check dams (built in the 1970s, Fig. 1d), and 155 000 m3 ± 21 000
m3 of sediments reached the alluvial fan. The mechanism that determined such collapse is
still unclear. A scientific task force has been established and will work for the next two
years to study in detail the causes and the overall dynamics of the event through combining
data mining and analysis, numerical modelling, and fieldwork surveys. Importantly, this
task force is asked to propose effective hazard planning strategies to manage the debrisflow hazard in this watershed, with the prospective that they could become a
methodological reference also in other contexts with similar hydrogeological conditions
and hydraulic defence characteristics. As for this latter point, particular attention will be
paid on accounting how existing defence works can modify the debris-flow hazard of an
area.

Conclusion
The extraordinary magnitude of the debris flow occurred along the Rotiano Creek in
October 2018 put the attention on how paroxysmal scenarios, due to concurrent severe
meteo-hydrological factors and possible failure of existing hydraulic defence works, should
be considered in debris-flow hazard evaluations. Due to the ongoing tendency towards
more frequent extreme rainfall events and considering the progressive aging of the existing
control works, converging towards an effective definition of residual hazard scenarios is
getting more and more important and, at the same time, challenging. This issue should be
high on the agenda of administrations in charge of debris-flow hazard assessment and
mapping.
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Introduction
Climate change is considered to have direct and indirect impacts on the natural and physical
environment. Besides urban ecosystems, also traffic-related infrastructures such as
facilities of the Austrian railway company (ÖBB) must cope with climate change and with
increased incidence of extreme weather conditions and its consequences. Weather-induced
damage events (e.g. intense precipitation, storms, mass movements) appear to increase, as
well as the associated damage on the infrastructure.
The aim of the Austrian research project “clim_ectA” is to develop a strategy plan including
intervention and prevention measures for climate change adaptation for ÖBB. The
identified measures are intended to reduce damages caused to the railway infrastructure by
harmful weather events.
The purpose of this abstract is to offer a brief insight into the methodical approach and the
preliminary results of the research project “clim_ect”.

Methods
Based on weather-induced damage events that occurred along the ÖBB network over the
last 20 years, a model-based estimation of future weather-induced natural hazards is carried
out for the short-term time horizon (2036 - 2070) and long-term time horizon (2071 - 2100).
Regionally scaled weather patterns called “climate indices” (CI) that trigger observed risk
processes (e.g. landslides, flooding) will be detected. The "CI detection" will be carried out
by intersecting data sets with multivariate analysis techniques and by blending the damage
process data with meteorological variables.
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In order to estimate the future hazard risk along the railway network, ensembles of global
climate scenarios will be established. In a first step, the global ensembles will be
downscaled to the regional level. The respective regional ensembles will be analyzed and
used to delineate “CI corridors”, which reflect the probability of potential damage events
in space and time. As part of the risk assessment, the specified “CI corridors” will provide
the basis for identifying potential hazard zones along the ÖBB network. Based on the
described model-based assessment of regional climate scenarios, appropriate prevention
and intervention measures will be identified with regard to aspects of economic efficiency,
safety and availability of the railway infrastructure.

Results and discussion
For the intersection of hazard event data with meteorological variables, a quality standard
was required for both, the localization of hazard events that occurred along the railway
network, as well as the categorization of hazard events. After creating a standardized
historical data basis on hazard events that occurred along the ÖBB railway network over
the last 20 years, each event was assigned one of the following categories: flooding, flash
flood, avalanche, snow, icing, mudslide or falling rocks, non-meteorologic, unknown
cause. Based on the intersection of hazard events with meteorological variables, projections
on the effects of climate change along the railway network (climate-related analysis for the
detection of climate indices and climate corridors) are now being modelled.

Conclusion
Since changes in the frequency and intensity of extreme weather events affect disaster risk,
the spatio-temporal identification of vulnerable and exposed areas along railway
infrastructures will help to structure and organize future hazard management and
infrastructure planning. In order to improve the sustainability and resilience of the ÖBB
railway network on a long-term basis, necessary prevention and intervention measures will
be defined on the basis of the retrieved climate indices and corridors. The defined measures
are intended to become an integral part of the future natural hazard management and
strategic planning of the Austrian Railway Company ÖBB.
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Figure 1: Problem Innovation.
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Introduction
Changes of land-uses and climate changes will increase the hazard and the risk of flooding
in central Europe (Kundzewicz et al. 2005). Also the increased occurrence of heavy storm
events will increase the damage potential in urban catchments (Trenberth 2011). A few
examples all over the world illustrate this problem (events in Houston (in 2001), Hull (in
2007) and Mumbai (in 2005) (Sene 2015)). Flooding issues are an interdisciplinary
challenge between stakeholders, planning engineers, science and the public. Hazards maps
are a helpful tool and provide a good basis for discussion of all participants. To generate
such maps, flooding models that compute flooded areas represent an essential part of the
flood prediction process. Besides the surface runoff, surcharging of the urban drainage
system and surface runoff from surrounding hillside areas cannot be discarded in urban
catchments (Sene 2015). Additionally, the interaction between the surface runoff and a
stream overload can occur. Due to these different processes and interactions, an integrated
model approach is required, which can predict a pluvial flooding event in combination with
possible fluvial flooding events in the urban catchment. The aim of this study is to develop
a step-by-step approach to generate an integrated model as base for hazard assessment of
pluvial floods considering the possible contribution of a fluvial flood. That approach is
tested for a small urban case study in Graz, Austria.

Methods
The possible relevant processes in the context of urban flooding are i) hydrology ii) surface
runoff iii) possible sewer surcharging iv) interflow and groundwater transport v) possible
stream collapse (Figure 1: step 1). Each process requires a model that is integrated with a
sequentially or parallel linkage approach (Figure 1: step 2) to one model concept. Which
processes are required is completely dependent on the structure and properties of the
catchment. The simulation results must be evaluated with a qualitative or quantitative
model evaluation method (compare (Bennett et al. 2010)). This part is described as step 3
of the process (Figure 1). The result is an evaluated integrated urban flood model, which
forms the basis for the development of the hazard maps (Figure 1: step 4).
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Figure 1Step by step approach to create a hazard map for pluvial flooding based on an integrated model
approach, which linked more than one relevant process (step1: definition of the relevant processes, step
2: integration of the required models, step 3: model evaluation to compare simulation results with
observed or measured data, step 4: Definition of the hazard classes to create a hazard map for pluvial
flooding events )

Case study
The introduced systematic approach is tested for a small urban catchment in Graz, Austria.
The catchment includes a small stream, a sewer system and is surrounded by a hillside area
(Figure 2: A). The considered processes are i) effective precipitation ii) surface-runoff iii)
sewer-transport iv) stream-runoff (Figure 1: step 1). The integration approach to link the
four models into one concept is a technically, and raster-based parallel integration
approach, due to the time benefit compared to a sequential integration approach.
Consequently, a hydrological model was developed under consideration of infiltration,
interception and depression losses as input data for a hydrodynamic 2D surface-runoff
model, 2D stream runoff model, and a 1D sewer transport model (step 2 (Figure 2: B)). An
observed heavy rainfall event in the year 2013 with a total precipitation volume about 60
mm in 6 hours was used for simulations. The simulation results were analyzed with a
qualitative evaluation method (Bennett et al. 2010). Damage data from the fire department
were used for the evaluation of simulated flooded private grounds and observed data (step
3 (Figure 2: C)). A detailed description of the model structure, the evaluation method, the
simulation results, and the model quality parameters which were used will follow in the
full paper. The last step in the process (Figure 1) is the development of the hazard map.
Four hazard classes (less, medium, high and really high (DWA 2016)) were defined for the
GIS-based mapping process (Figure 2: D).

Conclusions
A step-by-step process to develop a pluvial flood hazard map was introduced and
successfully tested for a case study in Graz, Austria. The results show that more than one
process (e.g. a stream overload) influences the flooding process in an urban catchment.
Thus, an evaluated integrated flood model is required to create a hazard map for pluvial
flooding events.
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Figure 2 A: The location and the properties of the case study in Graz, B: The integrated flood model
including four models: hydrological, surface-runoff, stream-runoff and sewer transport model C:
qualitative model evaluation with a resulted model accuracy about 0,72 [-] D: The finally hazard map for
a real heavy rainfall event at 2013, including four hazard classes.

References
Bennett, N D, B F W Croke, A J Jakeman, L T H Newham, and J P Norton. 2010.
‘Performance Evaluation of Environmental Models’. In 2010 International Congress on
Environmental Modelling and Software - Modelling for Environment’s Sake. Ottawa,
Canada.
DWA, ed. 2016. Risikomanagement in der kommunalen Überflutungsvorsorge für
Entwässerungssysteme bei Starkregen. November 2016. DWA-Regelwerk, M 119.
Hennef: Deutsche Vereinigung für Wasserwirtschaft, Abwasser und Abfall.
Kundzewicz, Zbigniew W., Uwe Ulbrich, Tim brücher, Dariusz Graczyk, Andreas Krüger,
Gregor C. Leckebusch, Lucas Menzel, Iwona Pińskwar, Maciej Radziejewski, and
Małgorzata Szwed. 2005. ‘Summer Floods in Central Europe – Climate Change Track?’
Natural Hazards 36 (1–2): 165–89. https://doi.org/10.1007/s11069-004-4547-6.
Sene, Kevin. 2015. Flash Floods: Forecasting and Warning. Springer.
Trenberth, Kevin. 2011. ‘Changes in Precipitation with Climate Change’. Climate
Research 47 (1): 123–38. https://doi.org/10.3354/cr00953.

-3.
INTERPRAEVENT 2021 – EXTENDED ABSTRACTS

| 263

14th Congress INTERPRAEVENT 2021
Norway – Extended Abstract
www.interpraevent.at

Rockfall Experiments in Forests:
Influence of Rock-Shape and
Deadwood

Adrian Ringenbach1, Andrin Caviezel2, Guang Lu3, Marc Christen4, Peter Bebi5, Perry
Bartelt
Keywords: Rockfall; Real-Scale-Experiment; Rock-Shape; Deadwood; Forest

Introduction

Recent rockfall experiments in open terrain show that the rock shape and ground roughness
have a major influence on the lateral dispersion of rock trajectories. Subsequently, rockfall
models are now being advanced in order to account for both rock shape and higher resolved
terrain features (Lu et al. 2019; Thoeni et al. 2014). Although rock-tree interaction
modelling demonstrates the importance of rock shape (Lu et al. 2020), there has been no
experimental study that has investigated the effect of rock shape on the protective capacity
of mountain forests. Another unresolved question is how to incorporate deadwood into
rockfall simulations. Although there are initial approaches (Fuhr et al. 2015), the geometric
complexity of lying logs has remained a challenging simulation problem.
The aim of this study is to close these research gaps. We present the results of real scale
experiments with different natural shaped and artificial, instrumented rocks in forests with
deadwood. The deposition points of released rocks are analyzed according to shape, mass,
and blockiness. Manual field work coupled with LiDAR scanning is used to identify the
location of living trees and deadwood. This dataset is compared to the results of a numerical
model using non-smooth, hard-contact mechanics to model block- tree-interaction, treating
standing and lying trees as truncated cones. This approach facilitates the adaptation towards
deadwood, which allows to quantify its barrier effect.

Methods

The test site consists of an upper montane beech-silver fir-forest with norway spruces in
Schiers, Switzerland. The site was scanned by an airborne Riegl VUX-1UAV LiDARsensor with a point density ≥ 1000/m2. The resulting point cloud was input to the generation
of a digital elevation model with a resolution of 25 cm and to tree stem recognition
algorithms within the LiDAR360 framework (Green Valley International®). The release
point of the rocks (CH1903+_LV95: 2772693/1205003) is at 870 m a.s.l. and located above
a steep slope with inclinations up to 60°. The maximum run out leads towards the riverbed
at 710 m a.s.l.. Test blocks consist of 42 different natural rocks and 4 different artificial
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rock types with masses between 29 kg and 250 kg. The rocks are repeatedly started from
the release point into the forest. Several runs are equipped with StoneNode sensors (Niklaus
et al. 2017) to measure rock deceleration and change in rotational velocity at impact. A
three-dimensional photo grammetric shape analysis of the natural rocks was performed.
This allows determining the rock-volumes (0.01 m3 – 0.09 m3) and the rock-blockiness,
defined as the ratio between the surface area of a rock and the corresponding volumeequivalent sphere (Lu et al. 2020). Further, the rocks are grouped into 10 descriptive rock
shape classes. The deposition points are registered with a high precision GNSS-receiver.
To evaluate the influence of the rock shape, the center of mass of all deposition points per
shape class, blockiness classes and mass classes are compared.

Results and discussion

The experimental results were used to quantify energy dissipation at contact with living
tree stems. Impact energies of e.g. 27 kJ on a beech with DBH = 22 cm were recorded.
Rock mass is not a good parameter to describe the observed deposition pattern, as larger
rocks tend to stop easier behind and between logs which are not completely on the ground
(Figure 1). The longest experimental runs are best explained with the blockiness parameter:
The higher the blockiness, the smaller the observed travel distances, caused presumably by
significant disturbance of their unique optimal travelling configuration, that is motion
stabilization around the largest moment of inertia, at every tree impact. The results for the
different rock shapes and the influence of dead wood can further be reproduced by the
rockfall-model.

Figure 1: a) Deposited 250 kg rocks behind deadwood. b) Non-smooth, hard-contact model
representation of rocks stopped behind a log. Red: trees with at least one impact during the simulation,
Yellow: trees without any impacts.
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Introduction
In alpine basins natural hazards like floods with suspended and bedload transport and debris
flows are natural processes, which occur periodically. The different requirements of
utilisation in populated areas and the increasing damage potential of natural hazards
constitute a potential of conflict in the alpine region. To counteract this, hazard maps are
created for avoiding new risks. This means that potential hazards are pointed out and this
information is communicated to those potentially affected. Through integrated and holistic
planning – from hazard zone planning to “flood-aware” object planning, risks can often be
avoided before they even arise. By working out event documentations and analysis of flood
events we see the importance of process scenarios.

Which process scenarios occur during a flood
event?
The common way to identify hazard zones for rivers is the usage of 2D models. The last
large flood events in alpine rivers in Austria have demonstrated that the time- and spatial
depend processes must be taken into consideration to achieve realistic flood areas. Which
kinds of time- and spatial depend process scenarios can occur are shown in Figure 1.
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Figure 1: (a) Bedload deposits (picture: FF Straßburg), (b) bridge blockage (picture: AKL), (c) lateral
erosion (picture: AKL) and (d) flood and side erosion (picture: BMI FEST).

Geomorphological processes or the likelihood of bridge blockage scenarios can not be
modelled in general and must be assessed by expert opinion. Calibrations, validations and
sensitivity analyses are used to verify the models in terms of their plausibility. The
validation with the flood plains of past events show that without these process scenarios,
especially for alpine rivers, the flooding situation is not simulated accurately and the hazard
zones and functional areas are not designated correctly.

An example for the implementation of scenarios:
Figure 2 shows an example for considering the process bridge blockage as a scenario in
models. In this case the lower edge of the bridge was lowered by 50 cm. The reduction of
the cross section depends on many parameters like catchment area, slope, energy height,
proportion of forest etc. Beside driftwood among others the density of settlement or silage
bales in river basins must be taken into consideration.
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Figure 2: Effect of the process scenario “bridge blockage” at the Kosiakbach. The flow velocities change
significantly (picture: Petutschnig).

Conclusion
Event documentations and analysis have shown that with the consideration of scenarios in
models, flood areas and the intensity of floods can be simulated much more accurately. For
defining the scenarios a local inspection by an expert judgment is necessary. The overlap
of different scenarios at the same time should be chosen as realistic as possible for the
design floods, otherwise events and their impacts would be overestimated.
By discussing with the population it has been shown that the more realistic we define the
hazard zones and flood plains, the more the hazard awareness is raising and thus improve
individual responsibility.
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Introduction
Landslides collectively account for many human casualties and large economic damage,
but the available data on specific landslide events covers only a tiny proportion of
occurrences worldwide. This can be explained by the fact that collecting such data is
expensive and time consuming. For instance, in the case of the Global Landslide Catalog
introduced by Kirschbaum et al (2010) which contains about 11,000 landslide events, the
expert time required per event entry is mentioned as a key limiting factor by Juang et al
(2019), with the current cumulative expert work already amounting to several person years.
We propose a design for a system which iteratively builds a global database of landslide
events, drawing upon satellite archives with global coverage. In particular, we build on
Sentinel-1 data in the initial design, since its Synthetic Aperture Radar (SAR) sensors
provide much valuable information on the "movement of a mass of rock, earth or debris
down a slope", as per the simple definition of a landslide by Cruden (1997). However, our
design is not limited to this particular data source, and can be extended to draw on data
from other parts of the electromagnetic spectrum.
Using satellite datasets with global coverage helps us avoid many sources of bias affecting
hand-curated catalogs, such as language bias, reporter choice bias, bias due to proximity to
settlements, etc. Satellite data also contains sources of bias; for instance, SAR data is
known to be sensitive to geometry. Our design inherits such biases, however most are
already well understood, and can be corrected for by analytical methods. For the geometry
example, we can calculate the probability that a landslide is detectable, given the
combination of slope orientation and satellite sensor angle. We also discuss the influence
of spatial extent, velocity, and other properties.

Methods
Our system design relies on existing landslide catalogs as training data for building a
landslide detector. This detector is then applied to other parts of the satellite archives to
generate "candidate events", i.e. coordinates in space and time in which a landslide has
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occurred with high probability. Such candidate events can then be validated by human
experts, in a pre-populated user interface, reducing the time and tedium to a minimum.
The validated entries (as well as false positives) are added to the database, and can be used
to train the next generation of the detector. Such entries can also be submitted to particular
extant catalogs, if they meet their respective inclusion criteria. Figure 1 shows a schematic
of the envisioned information flow in the system.
Our preliminary detector is based on Deep Learning, although it should be noted that the
proposed system design could use any type of detector (such as based on InSAR processing,
or incorporating more domain knowledge). In fact, it seems natural to move to an ensemble
of detectors as the system matures. In the current prototype, we train a convolutional neural
network to process satellite image pairs and identify whether a landslide has occurred in
between two images (before and after). When the system is confident that a landslide has
occurred in a specific location, it homes in on the time of the occurrence, by determining
which of the available images for the given location constitute the most temporally compact
before/after pair(s) with high confidence, through binary search.

Figure 1: Proposed design for constructing a landslide database from global coverage satellite data.

Conclusion
We propose a system design for the iterative construction of a database of landslides. We
will present preliminary results on the Machine Learning components of the system, and
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hope to obtain useful feedback from the research community concerning design, user
interface, and possible integration points with existing systems and databases.
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Introduction
The main objective of the project "EXAR - Extreme Floods in the Aare River” was to
develop a consistent basis for the hazard and risk assessment of buildings, facilities and
infrastructure during extreme flood events and apply the methodology to the catchment
area of the Aare River in Switzerland. In addition to flood discharges, natural hazard
processes such as landslides and driftwood recruitment as well as possible failure
mechanisms at hydraulic structures were included in the hazard assessment. The EXAR
project was commissioned by the Federal Office for the Environment together with the
Swiss Federal Nuclear Safety Inspectorate and the Swiss Federal Offices of Energy, Civil
Protection and Meteorology and Climatology.

Methods and results
Investigations were divided into individual work packages with the following main topics:
(i) development of extreme discharge time series, (ii) investigation of hydraulic structures
and potential landslide areas regarding possible failure processes, including driftwood
processes, (iii) simulation of large-scale and detailed hydraulic calculations including
morphological effects and (iv) the quantification of probabilities using event tree analysis.
The modular model chain allows (1) deriving hydrographs of extreme runoff events with
peak value recurrence periods in the range of 102 to 105 years; (2) identifying key sites in
the Aare River system by analysing structural failure and (3) analysing the local
vulnerability of critical infrastructure to extreme flooding, the associated structural failures
and the occurrence of potential landslides.
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The basis of the EXAR project was a hydrometeorological modelling chain (Viviroli et al.,
2020). Based on a time series of 85-years of measurement data of precipitation and
temperature, a stochastic multi-site weather generator was used to create series for
precipitation and temperature at hourly resolution with a total length of 300,000 years. The
simulated meteorological time series represent the climatic conditions of the 85-year
measuring period (1930–2015). The long time series were necessary in order to derive
weather data with return periods over several orders of magnitudes. These data were then
used to run continuous simulations with a hydrological model and a simple hydraulic
model, resulting in discharge hydrographs over the entire time series at selected points of
interest. Extreme peak runoff values and corresponding hydrographs were extracted from
these simulations and used as input for detailed 2D-hydro-numerical modelling. In a
structural analysis, weirs, bridges, lateral dams and potential landslide areas along the Aare
River were examined for possible failure processes including their causes and probabilities
to define the key points along the Aare system.
In subsequent detailed analyses, event trees were applied to combine hydrographs and
failure processes and to estimate the probabilities of the diverse corresponding scenarios
for selected critical infrastructures along the Aare River. Based on hydraulic simulations,
the flooding parameters (i.e., water level, flow velocities and energy lines) for flood events
with recurrence periods in the range from 103 to 107 years were determined. As a main
result of the project, the different scenarios were combined probabilistically in a hazard
curve. The curve represents a cumulative frequency distribution of the water level and the
associated uncertainties from the complete model chain for a specific location in the
perimeter of the critical infrastructure (Figure 1).

Conclusion
The EXAR project provides a reliable data basis for current hazard and risk assessment of
extreme flood events along the Aare River in Switzerland. EXAR results provide spatially
and temporally coherent, model-based discharge data derived from synthetically generated
precipitation time series of 300,000 years that is meaningful in terms of large-scale weather
patterns and large-scale system behaviour (e.g., regulation of lakes or floodplain retention).
It was also demonstrated that most of the investigated hydraulic structures and landslides
scenarios have no large-scale impact on the hydrograph during extreme flood events but
can lead to major local flow changes. Local analyses have shown that the failure of
structures closest to assessment sites contribute most significantly to the hazard.
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Figure 1: Hazard curve for a specific location (reference point A) in the city of Olten. Points show
scenarios that contribute to a water level at a given mean exceedance frequency. The mean hazard
curve is the mean of 5,000 sampled hazard curves accounting for frequency and water level uncertainty.
The green line shows the elevation of the reference point. Hydrological events without failure of
structures are black dots and clogging of bridges are white dots. A 95% interval of the quantified
frequency uncertainty is shown with red dotted lines.
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Introduction
The occurrence of marine tsunamis in the past decades (e.g. 2004 Sumatra, 2011 Tohoku
and 2018 Palu) has led to an increased attention among scientists and society. Historical
reports and recent studies have shown that tsunamis can also occur in lakes where they may
cause large damages and casualties. The cause for the displacement of large amounts of
water can be due to a high variety of triggers, including sublacustrine and subaerial massmovements triggered by earthquakes. The occurrence of such events within Swiss lakes is
documented in several historical reports (e.g. 563 AD in Lake Geneva, 1601 and 1687 AD
in Lake Lucerne). To date, the shorelines of many Swiss lakes are densely populated,
underlining the need for a tsunami hazard assessment on perialpine lakes. An
interdisciplinary project, funded by the Swiss National Science Foundation and the Swiss
Federal Office of Environment (FOEN), aims to better understand the key concepts of
governing processes of lake tsunamis from generation to inundation using Swiss lakes as
field laboratory. The project is separated in five work packages (WP) with different tasks.
A more detailed description of this project can be found on http://tsunami.ethz.ch/en/home.
Within this project, WP hazard aims at designing a classification scheme for the relative
tsunami potential in Swiss perialpine lakes, based on simple parameters, which can be used
to prioritize lakes for detailed data acquisition and numerical modelling. In this
contribution, we present the workflow for the construction of the tsunami potential index
(“TSUPI”) established by WPhazard.
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Methods
Five input parameters related to the potential for lake-tsunamis are calculated for each
Swiss lake with a surface area > 1 km2 (reservoirs excluded). These include the potential
for subaerial and sublacustrine mass-movements, seismicity, lake shape, and potential for
inundation.
All these parameters are calculated with geospatial operations on topographic and
bathymetric data. The TSUPI is finally calculated by aggregating the normalized input
parameters. Normalized values close to 1 have a high impact, whereas values close to 0
have a low impact.
The potential for mass-movements (IP1 and IP2) is based on geometric assumptions only,
using SRTM elevation data and Swiss Map Vector data (Swisstopo) as detailed field data
acquisition is not the scope of such a large-scale study. The potential for seismicity is
represented by the Swiss seismic hazard map for earthquakes with an exceedance
probability of 10% in 50 years (Wiemer et al. 2016). Shoreline development ratio is based
on shoreline vector data, and inundation potential considers low-lying areas along shores
from digital elevation data.
For selected lakes, with a relatively high tsunami potential triggered by sublacustrine
landslides (IP2; according to the classification conducted here), a more detailed, yet rapid
and simple estimation of the location and characteristics of sublacustrine landslides and
potential tsunami characteristics is conducted based on Strupler et al. (2020). This rapid
estimation of potential sublacustrine landslide tsunamis automatically identifies potentially
unstable zones using a limit-equilibrium approach and input bathymetric, earthquake
shaking, and sediment-mechanical data from previous studies. Such potentially unstable
zones are used to simulate tsunamis via the GPU optimized software BASEMENT, which
allows fast first-order computations for complex geometries within the context of hydroand morpho-dynamic modelling (cf. https://basement.ethz.ch).

Results and discussion
The spatial distribution of the five normalized input parameters shows relatively high
values for subaerial (IP1) and sublacustrine landslides (IP2) in the zones more proximal to
the Alps. Similarly, the potential for seismicity is also largest for alpine-proximal lakes
(IP3). Generally, larger Swiss lakes tend to have a greater shoreline development ratio, than
smaller lakes, which have simpler, ellipsoid shapes (IP4). More alpine-distal lakes have a
higher percentage of low-lying areas within a 1000 m alongshore-strip and are thus more
susceptible to inundation (IP5).
According to the parameters and assumptions taken in our workflow, the TSUPI shows that
the relative tsunami potential is greatest, the more proximal to the Alps. We interpret this
as mainly related to the steeper topography in the subaerial and sublacustrine environment
of these lakes compared to the more alpine-distal lakes. Although many uncertainties exist
(related to the actual stability of slopes and extent of potential landslides, as well as related

-2.
INTERPRAEVENT 2021 – EXTENDED ABSTRACTS

| 277

to the tsunamigenic potential of such slides), the classification scheme presented here may
be used to prioritize lakes for a detailed data acquisition and numerical modelling.

Conclusion
A simple workflow for the construction of a tsunami potential index (TSUPI) on Swiss
Lakes with a surface area >1 km2 allows the distinction between lakes with a relatively low
and high tsunami potential. The classification can be used for focussing on in-depth
investigations and zonation of tsunami potential.
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Introduction
It is well established that the most important triggers of landslides in most places are
precipitation and earthquake ground shaking. In Norway, precipitation has traditionally
been considered as the sole triggering mechanism, whereas the potential for earthquaketriggered landslides has received more attention in recent years. However, there are still no
systematic studies evaluating this potential based on Norwegian data.
Norway is a region of low to moderate seismicity, where strong earthquakes are infrequent.
The largest modern event on the Norwegian mainland was a M=5.9 event near Lurøy,
Nordland in 1819. It is well documented that this event triggered several large landslides
(Figure 1).

Figure 1: Effects observed during the M5.9 earthquake near Lurøy, Nordland, Norway, on 31. August 1819.
Modified from Bøe, 2002.
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Methods
The University of Bergen holds a dataset of historical earthquake reports dating back to the
early 19th century. This dataset is supplemented with other available data, mainly through
the Scandinavian Earthquake Archive. For the older events, reports are mainly available as
descriptions in chronicles, travel reports, newspaper articles and similar. For the more
recent events, data collection has been more systematic through questionnaires. The
available reports from felt earthquakes in Norway have been analysed systematically to
identify reports of earthquake-triggered landslides. Such reports are mostly direct
descriptions of “rocks coming down the mountains” or mountains being “covered in dust”,
but may also be indirect, e.g. in the form of descriptions of anomalous behaviour of fjords
or lakes.
The collected data allows us to evaluate the overall potential for earthquake-triggered
landslides in Norway. Additionally, we are able to develop landslide distance limits for
Norway, which provide information on the maximum epicentral distance where landslides
are triggered, as a function of magnitude.

Results and discussion
At least six landslide-triggering earthquakes have been identified since 1819 (Table 1), in
addition to a number of events with weaker evidence for triggering landslides. These events
are in the magnitude range M4.6 – 5.9 and landslides have been documented at epicentral
distances up to 230 km. The landslide-triggering events are distributed throughout the
country. According to data from the Norwegian National Seismic Network, about 50
earthquakes with M≥4.6 have occurred near the Norwegian mainland since 1900.
International studies have found that earthquakes larger than about magnitude M4.0 can
trigger landslides in mountainous environments (Keefer, 1984). In this context, the finding
for Norway seems reasonable. There is probably a severe underreporting of landslides
triggered by earthquakes, due to the remote nature of mountainous regions in Norway. The
presented list should therefore not be considered complete.
Date

Magnitude

Location

Maximum distance
to landslides

31.08.1819
23.10.1904
09.10.1939
07.07.1954
06.08.1958
28.04.1974

5.9 (ML)
5.4 (ML)
4.6 (MW)
4.9 (ML)
5.4 (MW)
4.7 (ML)

Nordland
Oslofjord
Telemark
Hordaland
Rogaland
Troms

200 km
230 km
80 km
90 km
115 km
80 km

Table 1.

In addition to the direct impact of earthquake-triggered landslides, such events may further
run into bodies of water, thereby triggering a tsunami. Landslide-generated tsunamis are
known to be a severe hazard in parts of Norway, and if such an event is earthquake-
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triggered, the warning time will be reduced to mere minutes, even for well-monitored
slopes.

Conclusion
Earthquakes may trigger landslides in Norway, and at least six examples of landslidetriggering earthquakes have been identified during the last two centuries. Most earthquaketriggered events are expected to be small-scale rock falls, but larger events can occur, and
cascading earthquake-landslide-tsunami events may develop, which can have dramatic
consequences.
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Introduction
Field photos took in a time series could trace the in-situ status and changes of a debris flow
torrent, the pre and post event photos taken in key locations could provide valuable
information about what have been occurred in the torrent. However it is a challenge for
different person to take photos in the exact location with same shooting angle, and when
the number of torrents is in hundreds or thousands, a more efficient solution should be
applied. This study combines the AR (Augmented Reality) technic and a GPS guided
smartphone to guide the user to a pre-selected location and shoot a panorama photo in order
to collect the field photo of the debris flow torrent, the collected panorama photo could
then be compared to verify the changes of the torrent.

Methods
With the assistance of modern computer technology, visual simulation could simulate from
reality to virtual world. Augmented Reality (AR) intended to project the virtual image or
object into the real world. Applying AR on a modern mobile device could integrate outdoor
environment on a mobile device.
Modern smartphones usually were equipped with Global Positioning System (GPS), high
resolution camera, and other built-in sensors. Smartphones are capable of recording good
quality field data and conduct some calculation and analysis. With the access of internet
and other build-in applications, the smartphone has become a very helpful measurement
and documentary tool for disaster mitigation. Of the 5 billion people using cell-phone
around the world in 2019, it is estimated that more than 2.5 billion owns one or more
smartphones. With the help of smartphone, the traditional paper-based documentary and
digitizing field investigation could be replaced with paper-less solutions (Lee et al., 2018).
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The “Debris Flow Torrent Smart Patrol APP” is installed in Android version smartphones,
the main purpose of the APP is to guide the user to a pre-selected patrol point and take the
panorama photo. The panorama photo covers the 360-degree full view, thus minimize the
possibility of taking improper angle photos by different user.
The APP contains map mode, guide mode, AR mode, and upload mode.
Map mode: When the distance to the pre-selected patrol point is still far away, the APP
would load the Google Map drive direction guide to guide the user toward the target area.
Guide mode: When the user is within the walking distance to the pre-selected patrol point,
the APP would load the patrol point photo and guide the user to the patrol point with an
arrow showing direction and distance.
AR mode: When the distance is within 10 meters, the mode is launched and the Google
Camera and Photo Sphere then guide the user to take a panorama photo. After the required
shots were completed, the panorama photo would be generated and automatically uploaded
to the server.
With the guidance of the APP, it took less than 5 minutes for a non-professional user to
complete and upload a panorama photo to the server.

Results and discussion
This study took Kaohsiung DF049 potential debris flow torrent in southern Taiwan to test
the APP. The first panorama photo of the torrent was taken before the typhoon season
(June, 2016), after a typhoon hit the region in late September, 2016, the second photo at
the same patrol point was taken using the APP. Compare the pre and post photo shows that
overflew sediments were at the banks of the torrent, which indicates that a debris flow
might have been triggered during the typhoon event. Once the authorities verify the
findings from the panorama photos with other information such as satellite image of the
catchment area, the true cause of the sediment disaster of Kaohsiung DF049 could be
identified, and further detail field investigation by the experts could be arranged.
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Fig. 1 Pre and post typhoon event panorama photo of Kaohsiung DF049 shows overflew sediments.

Conclusion
Using GPS guided smartphone and Augmented Reality based APP to guide user to a preselected patrol point and take field photos could reduce the complexity of field photo
shooting, thus increase the efficiency of field investigation. These photos could provide the
preliminary evidence if sediment disaster has been occurred in the torrent, and provide
valuable information in disaster risk management.
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Introduction
Rare to extremely rare floods (return period ≥1 000 years) can cause large damage and need
to be considered in the assessment of flood risk and hazard of major infrastructure.
However, corresponding flood estimations are limited by the relatively short streamflow
records available and hence made frequently using pragmatic safety factors. Here we
present an alternative based on a hydrometeorological modelling chain, providing long
continuous simulations for multiple sites in the Aare River basin, Switzerland (area: 17 800
km²) within the EXAR project (Steeb et al., 2021).

Methods
The modelling chain consists of three components. First, the multisite stochastic weather
generator GWEX provides 30 meteorological scenarios (precipitation and temperature)
with a length of 10 000 years each. The parameters of GWEX were defined using daily
observed weather 1930–2015, and its outputs were further disaggregated to hourly values
with the help of hourly observations 1990–2015. Second, these disaggregated outputs were
used as input for the bucket-type hydrological model HBV light, run at an hourly time step
for 79 catchments covering the entire Aare River basin. For calibration of HBV’s tuneable
parameters, long-term streamflow records with a maximum length of 40 years were
available for 49 of these catchments. To account for parameter uncertainty, three parameter
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sets representing a median, a lower and an upper range of simulated floods were selected
from 100 calibrated sets. The parameters of the remaining 30 catchments were estimated
via regionalisation. Third, simulation results from the individual catchments were routed
for a representation of the entire Aare River system using RS Minerve, including major
features of lake retention and regulation as well as important sites with overspilling of
streambeds and floodplain retention. The final simulation outputs span roughly 300 000
years at hourly resolution and cover the Aare River outlet, critical points further upstream
as well as the outlets of the catchments simulated with HBV.

Results and discussion
The flood peaks simulated for the Aare River are slightly higher than what could be
expected from an extrapolation of observations (see Fig. 1 for an example), although this
disagreement is not surprising due to the limited length and information content of the flood
records. The largest simulated flood peaks are larger than selected historical events
reconstructed for the past 540 years. For assessing the plausibility of the simulated events,
we compared their spatial and temporal patterns with observed large events as well as with
large events from an extended hydrological simulation 1930–2015. We further assessed the
sensitivity of HBV to large precipitation sums, analysed the seasonality and development
of large simulated floods and scrutinised the realism of model behaviour for soil moisture
and snow melt. Overall, none of these comprehensive evaluations has revealed important
shortcomings. As a further check of plausibility, the SCAMP hybrid weather generator
based on atmospheric and weather analogs was used as an alternative for the first link of
the modelling chain. SCAMP is methodologically fully independent from GWEX, but its
largest precipitation events led to simulated floods in a similar order of magnitude.

Conclusion
Long-term continuous simulation with a hydrometeorological modelling chain is an
attractive possibility for estimating rare and extremely rare floods more reliably. Although
uncertainties are still considerable, the approach has substantial advantages in that it
explicitly considers important processes of flood generation such as soil moisture storage,
snow accumulation and snow melt as well as lake and floodplain retention.
The framework presented here is also particularly valuable for estimating floods with
higher probability, as often required in engineering. Since a long continuous hydrograph is
available, results can be extended towards multivariate estimations that include flood
volume and exceedance times of flood levels.
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Figure 1: Exceedance curve for Aare River at Aarburg.
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Introduction
Many investigators believe what most of landslides have induced by heavy rainfall or rapid
snowmelt and have been caused by rising pore water pressure consequent upon surface
water infiltration, although several landslides have actually occurred in dry season.
Furthermore, there are some hypotheses about the timing and mechanism of large-scale
landslides, but so far there is no established theory by the academic circle. This study was
conducted in the south-western area of Niigata Prefecture, one of the most famous
landslide-prone area, central Japan where the bedrocks were composed of the Neogene
sedimentary sequences which were distributed thickly and deformed by active folding and
faulting. In addition, high salinity groundwaters have limitedly appeared in active
landslides or large-scale landslides. In this study, we investigated the large-scale
Kamazuka-dangosashi landslide with a length of 2000 m, a width of 2000 m and a
maximum depth of 140m. The objectives are to better understand groundwater behaviours
and to present a new approach to clarify the mechanism of large-scale landslides.

Methods
Surface water samples, mainly stream water, and groundwater samples from the drainage
tunnel in the Kamazuka-Dangosashi landslide were collected for hydrochemical and
environmental isotope analyses. The pH, EC and water temperature of all samples were
measured at the timing of sampling at this landslide and major ions were analysed by ion
chromatography systems and total alkalinity titration method at the laboratory of Niigata
University. Oxygen and hydrogen isotope ratios for water samples were determined on an
isotope-ratio mass spectrometer (IRMS) at the laboratory by carbon dioxide equilibration
and hydrogen equilibration techniques, respectively. The CSMT (Controlled-Source
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Magneto-Telluric) method electromagnetic exploration was also carried out in this
landslide. We visualized profiles of electrical resistivity up to 1000 m depth by the CSMT
survey.

Results and discussion
As the result from hydrochemical and environmental isotopic analyses, most of
groundwaters from the drainage tunnel are saline waters which contain approximately
16,000mg/kg of chloride ion and are originated from the fossil seawater. These waters, as
well as brine waters incidental to oil and gas, are trapped within the thick sedimentary
sequences and shielded by impermeable massive mudstone. Under such conditions, as the
fluid pressure greatly exceeds hydrostatic pressure, the saline waters in deep reservoirs
ascend through tensional fractures and are injected into the landslide mass. Additionally,
both hydrochemical and environmental isotopic compositions of the saline waters from the
drainage tunnel have been almost constant since the first investigation in 2002. These
phenomena imply that the saline waters have been continuously supplied from deep
reservoirs without mixing of meteoric groundwaters. On the other hand, the CSMT survey
revealed that the super low resistivity zone was emerged wide spreading between -300m
and -50m depth from the ground level (Fig. 1). It is interpreted that the zones contain high
concentration of electrolyte solution such as the fossil seawaters. The continuous injections
of high salinity and highly geopressured groundwaters into the landslide mass have
obstructed the meteoric groundwater circulations and have consequently constituted the
situation of chronically anomalous high groundwater tables.

Figure 1 Saline water upwelling from deep reservoir visualized by the CSMT survey

Conclusions
The geochemical approaches to groundwaters and the CSMT survey revealed the
hydrogeological structure of the large-scale Kamazuka-Dangosashi landslide which was
located on the outlet of saline waters from deep reservoirs. It is most likely that the
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groundwater behaviour is controlled by the continuous injection of the geopressured saline
waters. Hence it is necessary to find the saline waters by the geochemical approaches and
the CSMT survey and to remove these waters, because these waters are one of the possible
causes of landslide destabilization.
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Sediment Yield Characteristics in
Central Asia by Satellite Image:
Kyrgyzstan Case Study of Sediment
Control Using Japanese Method
Satoshi Yoshida 1, Hiroshi Ogawa 2, Takahiro Itoh 3, Kuniaki Miyamoto 4, Kalamamatov
Aibek 5
Keywords: Sediment Control; Satellite Image Analysis; Sediment Yield

Introduction
In Central Asia and the Caucasus region, there are many international rivers across plural
countries. A lot of sediment, which is yielded by landslide, rockfall, etc., is considered to
transport to the downstream reservoirs in these river basins, but the amount of sediment
yielding has not been quantitively estimated yet. Understanding of sediment yielding is
important for the control and the related disaster prevention.
This study aims to estimate the sediment yield in the river area based on the topographical/
geological field survey and the analysis of optical satellite images. The study area is the
basin of Naryn river located in Kyrgyzstan, which is an upstream of Sir Darya river,
and Aral Sea is spreading in the downstream. The target basin is approximately
5500 km2. Kyrgyzstan is a mountainous country and has many sediment disasters
(JICA, 2019). However, there is no concept of sediment control around the river basin.

Analysis of sediment yield characteristics
Kyrgyzstan
Because of the dry climate and few vegetation on the surface of Kyrgyzstan, satellite
imagery analysis can be effective for determining the sediment yielding volume and
classification of the origin of the yielding. Especially, ground surface reflectance has a good
correlation with the distribution of sediment produce source.
As the field survey, the river bank and bed reconnaissance on several areas were conducted
to identify the characteristics. Gravel diameter investigation was also carried out on
riverbeds. These results were also using for the supervised classification of satellite
imagery analysis to secure the analysis accuracy.
Nippon Koei Co., Ltd, Japan, (yoshida-st@n-koei.jp)
Nippon Koei Co., Ltd, Japan
3
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Conclusions
As a result of the field survey and satellite imagery analysis, the sediments produced from
the slope and transported by the river were quantitatively evaluated. On the other hand, the
dam sediment data has not been obtained, so this is an issue for future verification to
evaluate accuracy of present tools.
The target river supplies water and sediment directly to the Aral Sea, which is in danger of
drying up. In addition, it belongs to the dry region of Central Asia, and there are concerns
about the fluctuation of sediment yield characteristics due to the climate change.
In this background, it is expected for this study to contribute to the understanding of
sediment yield characteristics in the entire Kyrgyzstan region and further on, to the
understanding of entire Sir Darya Basin.
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Figure 1 Study Area is located in the western area of kyrgyzstan,
and a part of the basin of SirDarya River.

Figure 2 It shows the particle size distribution curve of the 12 sites. All the sites are located in the
branch of Sir Darya rive.
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Figure 3 This figure shows the distribution of ground surface reflectance. red indicates high reflectance
and blue is low reflectance. Green circle is the site of gravel diameter investigation.
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Swiss Standard "Actions on
Structures"
Norina Bertsch1, Thomas Egli2, Stefan Margreth3
Keywords : natural hazard standardisation, impact pressure, mitigation measurement

Introduction
The actions of wind, earthquakes and snow on roofs have already been standardised
throughout Europe. However, very few regulations exist how structures should be designed
in case of floods, landslides, debris flows, rock fall, avalanches, snow pressure and hail.
The Swiss Society of Engineers and Architects SIA therefore supplemented the existing
standard with detailed information regarding the design of structures endangered by natural
hazards. The revised Swiss code SIA 261/1 “Actions on Structures – Supplementary
Specifications” has been published in 2020.

Background of the Swiss code SIA 261/1
The first edition of the Swiss code SIA 261/1 was published in 2003. The guideline
contained only rudimentary information about natural hazards which were insufficient for
engineers. Since 2003, the hazard maps have been significantly further developed. Today,
intensity and hazard maps exist for almost all Swiss municipalities. Estimates show that in
Switzerland more than 300’000 buildings are situated in hazard areas. If a new structure is
built in a hazard zone, structural requirements must be fulfilled. The structural requirements
such as the flood level are determined according to the intensity maps.

Content of the Swiss code SIA 261/1
The revised Swiss code SIA 261/1 describes in detail how the impacts caused by the various
natural hazards are determined and taken into account in the design. It also shows the most
important mitigation measures. The guideline emphasises that the principles of hazardoriented project planning must be taken into account at an early stage of the design.
The structures are newly divided into one of three structure classes. The criteria for this
classification are the average occupancy rate, the damage potential, the risk to the
environment due to failure and the significance of the structure for disaster management.
The degree of protection is graded by the importance factor f which depends on the type
of natural hazard. The importance factor f varies typically between 1.0 for structure class
Head of project, Egli Engineering AG, St. Gallen, SWITZERLAND, (bertsch@naturgefahr.ch)
Dr. Ing. ETH, Egli Engineering AG
3
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I and 1.5 for structure class III. For the consideration of floods in the design process of
structures of structure classes II and III, the extreme event (return > 300 years) must also
be taken into account. It is important that the chosen protection goals, the accepted risks
and the degree of protection are described in the user agreement. The protection concept is
to be recorded in the project basis.

Excerpt of the Swiss code SIA 261/1: Example of
avalanches
The Swiss code SIA 261/1 distinguishes between dense flow and powder snow avalanches.
In principle, both types of avalanches can occur simultaneously. For the determination of
actions and the dimensioning of direct protection measures, information on the type of
avalanche, flow height, flow velocity, density and flow direction is required. Dynamic
avalanche impact pressures are considered as static equivalent pressures. The impact of an
avalanche is treated with a three-layer model. The avalanche impact pressure is set constant
over the flow height hf and linearly decreasing to zero over the dynamic height hstau, see
Figure 1. It is assumed that no forces are transferred by the snow cover with the height hn.
The avalanche impact pressure qfn acting perpendicularly on a wall depends on the
avalanche velocity vf, the density f and the deflection angle . The impact pressure of a
dense flow avalanche qfn on a large structure which is not bypassed by the avalanche (width
of the structure as a rule > 5 m) and the friction force qfr are determined in the Swiss code
SIA 261/1 as follows:

qfn = f qfn,k = f f (vf sin)2 and

qfr = fr qfn

The reference value for the density f of dry dense flow avalanches is 300 kg/m3. The
coefficient of friction when the avalanche contacts a smooth surface (e.g. concrete wall) is
fr = 0.3 and for a rough surface the Swiss code SIA 261/1 proposes fr = 0.4.

Figure 1: Load distribution of a dense flow avalanche hitting a large building according to SIA 261/1.
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Conclusion
The revised Swiss code SIA 261/1 closes a gap in the design process between natural
hazard experts and structural engineers. The Swiss code provides the basics for
dimensioning new buildings or mitigation measures with respect to natural hazards. In view
of the large number of buildings in hazard zones, there is now an instrument that allows to
achieve a high standardised level of safety.
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Breathing Check Dam Management in
a High-Sediment-Disaster Torrent
Yu-Fang Chiu1, Su-Chin Chen2
Keywords: sediment transport, adjusting Check Dam, ecological continuity

Introduction
The magnitude and frequency of rainfall, earthquakes and other episodic influences trigger
hillslope scouring, landslides and debris flow. This result in the periodic changes in
sediment transport. Many check dams have been built in the past to deal with the vast
amount of sediments in a mountain stream bed. However, they become a threat to the longterm ecology, sediment transport continuity, and even reduce sediment yield. Fixed check
dam structure cannot easily cope with the rapidly changing sediment transport; therefore,
effective adjustment of check dams is currently an important issue in Taiwan.

Methods
Blocking capacity of check dams should be proportional to the reduction of landslides and
sediment yield in a watershed. Open type check dams designed for high sediment yield
may be fitted with steel pipes and grille at their opening. With sediment yield reduced, the
horizontal material can be removed, then adjust the vertical material to allow part of
sediment transport. A further continuous reduction in sediment yield would result that the
dam foundation is scoured by the flow.
Explain the concept with Landao Creek, there are often average 3-4 typhoon events per
year in Taiwan which caused large of flood and sediment transport in rivers. The rainfall
intensity in the watershed area of Landao Creek was from 5 to 30 mm/hr. The length
between the comb dam and the confluence of Landao Creek and Beigang River is about
700 m, an average 10m wide channel, and the average slope of the channel bed is about
10°. Typhoon Mindulle in 2004 and Typhoon Morakot in 2009 caused debris flow over the
dam. The sediment supply from the upstream has gradually decreased with time, decreasing
the sediment transport to the downstream. In order to consider the balance of sediment
transport along the river. The central two pillars were lowered down by 2.5m in 2015, and
then the four vertical material were removed in April 2019. Sediment transport after heavy
rain caused distinct terraces at the proximity of the check dam in each period (Fig 1. (a)).
A modular steel dam is made of independent steel dams. Each group consists of horizontal
and vertical material (Fig 1. (b)). Based on the sediment yield scale, the horizontal and
vertical material of the dams are removed accordingly to enhance their permeability. An
M.D., Department of Soil Water Conservation, National Chung Hsing University, Taichung,
TAIWAN, (tracyshet@gmail.com)
2
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alternative entails adjusting the concrete dam by the disassembly of the horizontal material
(Fig 1. (c)). Each dam mouth width is recommended to be designed at least 3.5 m, and it
can become a dredging channel during adjustments. Upstream grain size determines the
permeability design of the dam, it affects how much sediment transport to the downstream.

Figure 1: (a)Historical adjustment of the dam and scouring and deposition changes of Landao Creek
during the study period, b to c) Design of adjustable check dam.

Results and discussion
Adjustment of the dam in the sediment reduction process can be broadly divided into three;
peak, reduction and stable period. The frequency is suitable for the Taiwan environment,
the adjustment range of adjusting the horizontal material between 3~5 years to balance the
sediments along the river. In contrast, adjusting the vertical material is in the range about
30~50 years. When there is a possibility of a large disaster of sediment happen again, this
cycle is reversible.
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Conclusion
Due to the variability of debris flow scale and type, the permeability of dams should be
changed accordingly to promote sediment balance along rivers, and subsequently, the
ecological continuity in streams. During the period of low sediment yield, the horizontal or
vertical material of the dam can be adjusted to promote sediment transport downstream.
However, the key challenge is how to design a check dam that can be adjusted according
to the variation of transported sediment before building the dam.
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Recent advances on debris flow early
warning and risk management in Alto
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Keywords: debris flows, monitoring, seismic detection, early warning systems

Introduction
Debris flows are among the most dangerous natural hazards that threaten people and
infrastructures in mountainous areas. In the 1960s, efforts and investments devoted to build
channel control structures such as check-dams and retention basins multiplied all over the
Alps. However, in narrow and anthropized valleys there is not always enough space for
constructing such structures, which are also expensive to build and to maintain. In addition,
extreme heat waves and rainfall events due to the current climatic change are likely
increasing the intensity and the frequency of debris flows. Nowadays, the development of
Early Warning Systems (EWSs) for debris flows based on compact and low-cost sensors
has spurred a great deal of interest. In particular, low-cost seismometers represent a unique
opportunity to gather continuous streams of monitoring data at a safe distance from the
active channel. In this work, we present the activity of research and development of EWSs
for debris flows in the Autonomous Province of Bozen-Bolzano (Prov. BZ), Italy (Figure
1a). Data from a well-known monitoring site and from recently instrumented basins are
presented.

Test sites
The Gadria basin is located in the Vinschgau-Venosta valley, in the western part of South
Tyrol. The Gadria features a catchment area of 6.3 km² and ranges in elevation from 2,945
to 1,394 m a.s.l. The Civil Protection Agency of the Prov. BZ established a first, permanent
debris-flow monitoring station in 2011. Today, the station is composed of rain gauges, flow
stage sensors, geophones, video cameras, and soil moisture probes. A linear array of 10-Hz
vertical geophones is installed along the main channel, at the fan apex. The short-timeaverage over long-time-average (STA/LTA) ratio of the seismic signal is used for the early
detection of debris flows (Coviello et al., 2019). In June 2019, a new geophone network
was installed on a ridge separating two active channels of the upper basin to detect debrisflow initiation.
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The Rotwandbach is located in Antholzertal-Anterselva valley, in the eastern part of South
Tyrol. At the fan apex (1750 m a.s.l.) the basin has a drainage area of about 2 km². An
important road runs along the Rotwandbach alluvial fan and, during summer, connects Italy
with Austria through the Stalle pass. This road crosses the Rotwandbach at the bottom of
the fan, where the channel flows into the Antholzertal-Anterselva Lake. In the last 10 years,
this cross-section has been inundated eight times by debris flows (Figure 1b). For this
reason, the Road Office of the Prov. BZ manifested the need of a detection system to
automatically close the road in case of an event. In 2019, we installed a Raspberry Shake
sensor, a low-cost and compact solution for seismological applications (Manconi et al.,
2018), 1 km upstream from the road. The seismic signal produced by the debris flow that
occurred on 26 July 2019 was used to infer the time of occurrence of the flow (16:36 UTC),
its duration (about 30 minutes), the number of surges and their relative intensities (Figure
1c). Starting from 2020, the seismic information will feed an automatic alarm system, also
composed by pendulum, for the road protection.

Figure 1: (a) Location of the three study sites; (b) debris-flow deposit on the road running at the bottom
of the Rotwandbach fan; (c) seismic signal produced by the event of 26 July 2019.
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The Gossegraben is an active channel that crosses the national road connecting PustertalPusteria valley with Cortina d’Ampezzo. Debris flows frequently occur in the Gossegraben
that drains highly weathered Dolomitic rocks. A retention basin protects the road from
small-size events but medium- to large-volume debris flows still represent a hazard for the
road. A Raspberry shake 4D was installed 350 m upstream from this cross section.

Results
In this work, we present monitoring data of recent debris-flow events occurred at Gadria
and Rotwandbach. On 26 July 2019, two debris flows triggered by the same weather
systems moving from West to East were recorded in both basins. The seismic signal allows
detecting the debris flow up to one minute before it reaches the cross-section where the
sensor is installed. A seismic-based EWS would give an additional alert time compared to
detection system employing contact sensors (gate wire, pendulum) and can be used as an
additional tool for reducing residual risk due to the possible overflow from a retention basin
in case of large events.
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built in Tateyama Caldera 100 years
ago
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Introduction
Efforts have been made to protect people living on the Toyama Plain, Toyama Prefecture,
from the potential flow of 200 × 106 m3 of unstable sediment from Tateyama Caldera,
which is situated over 1,000 m above sea level. Sabo works commenced over 100 years
ago in the basin of the Joganji River, which is among Japan’s steepest rivers, and activities
continue to this day.
The value of Tateyama Sabo facilities in Tateyama Caldera further evaluated in the
“Toyama Declaration” at INTERPRAEVENT 2018 in the Pacific Rim.
In this report, we introduce the results of research into the Sabo Works built by Toyama
Prefecture (Hereafter “SWTP”) early 1900’s.

History to date
Tateyama Caldera is a large oval basin that is approximately 30 km southeast of Toyama,
Japan; it measures 6.5 km × 4.5 km, and 500–1,700m in elevation difference. During the
Hietsu Earthquake of 1858 (magnitude 7.1), a massive landslide (Mount Tonbi landslide)
occurred that formed landslide dams at Tateyama Caldera. Following snowmelt floods,
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these landslide dams collapsed on April 22 and June 7 of the same year, and large-scale
debris flows damaged areas downstream on the Toyama Plain.
The Joganji River became a typical raised-bed river and prone to further sediment-related
disasters. In response, Toyama Prefecture started sabo works in 1906, which was continued
by the Japanese Government from 1926.
The construction site early 1900’s was located upstream of the site of the later, and because
of the severe environment (high altitude, riverbed gradient of 30 degrees or more, difficult
access, slow snow melting), the time available for construction of sabo facilities was much
less than now. For this reason, it was thought that the sabo facilities built at this location
did not exist.
From 2007 to 2009, a survey about the SWTP during the Meiji and Taisho eras was
conducted in several valleys near the location of the Mount Tonbi landslide, and revealed
some of the SWTP. However, due to safety concerns regarding the rugged terrain and
severe weather conditions, the scope of the field survey was limited and it was not possible
to survey all of the valleys.

Field survey and results
In our latest topographic analysis with laser profiler data, sabo facilities are represented as
lines across rivers. The results of the analysis were compared to previously collected data,
and unmanned aerial vehicles were used to review some locations. From these data, we
identified the regions in which sabo facilities constructed early 1900’s were likely to exist,
and conducted field surveys at those locations during 2018.
Based on the 2018 field survey, 21 sabo facilities were discovered, including check dams
and hillside works. These sabo facilities were built by stacking boulders 40-80 cm in
diameter. Foundation of some sabo facilities had scouring, but most other facilities had no
anomary. Even today, these sabo facilities have been capturing large amount of unstable
sediment flowing from upstream. The masonry styles of some of the facilities were
analyzed, and compared with photographic evidence from the Meiji and Taisho era to
confirm that these were the same sabo facilities.
Specifically, it was confirmed that these facilities were built by Toyama Prefecture before
the start of the sabo works conducted by the Japanese Government (Fig.1). The existence
of these structures is proof that sabo works by Toyama Prefecture around 100 years ago
prevented the outflow of unstable sediment, enabled safe construction in the downstream
area, and protected the Toyama Plain for a long time.

Conclusions
In 2019, Toyama Prefecture began conducting detailed field surveys and analyses, based
on surveys conducted previously (up to 2018). Our survey revealed that many SWTP still
exist over 100 years in the steep mountainous upstream region of the Joganji River. The
SWTP of around 100 years ago are still effective, and it is thought that they formed the
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foundation of the sabo works subsequently carried out by the Japanese Government, such
as the construction of the Shiraiwa sabo dam.
We intend to continue our investigation and analysis, and aim to explore further the
achievement of the SWTP. Moreover, we will continue to make efforts to register for World
Heritage so that the value of Tateyama Sabo will be shared throughout the world and will
be handed over to the next generation as a treasure of mankind.
It is possible that the overflow
section of the check dam, the
wings of the check dam on the
left and right banks, and other
sabo facilities are buried under
the sediment or the surrounding
regions.

Photograph of sabo facilities
in Meiji or Taisho era.

Fig. 1 An example of the 2018 survey and analysis.
Masonry styles were compared to
confirm that the check dams are of the
same facilities.

Check dam discovered in a 2018
field survey.

Fig. 1 An example of the 2018 survey and analysis.
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Introduction
Mitigation measures are an important part of integrated management of natural hazards.
The Norwegian Water Resources and Energy Directorate, NVE, is developing the
mitigation measure manual, MMM. It is a digital platform, which describes structural
mitigation measures and guides through the process from identifying the need of mitigation
to the completed measure. Hence, it contributes to natural hazard prevention.

Objective and background
The objective of the MMM is to collect existing knowledge and to increase the competence
and capacity to implement mitigation measures. The digital presentation will make it easily
accessible online. Furthermore, innovative mitigation measures and additional chapters or
topics can easier be included after launching.
The main reason for creating the MMM is the increased need for mitigation measures due
to more frequent natural hazard events. Furthermore, there is more vulnerable infrastructure
and hence a higher risk. NVE has the main responsibility for the national management of
floods and landslides, and the process of creating the MMM will also ensure knowledge
transfer and competence training internal in NVE.

Structure of the mitigation measure manual
Currently, the MMM describes measures for the three topics: “flood and erosion”, “quick
clay landslides” and “landslides, rock falls and snow avalanches”. Each topic contains four
phases:
•

•
•

Plan: Covers the process from the idea or need for a mitigation measure to the
decision of if and how it can be realized. It is important to describe and understand
the problem and to sketch different possible solutions. The alternatives will be
evaluated and usually the solution with the best benefit-cost ratio will be
implemented.
Design: Describes the technical details and requirements of mitigation measures.
Construct: Gives advice about how to construct the designed measure, with focus
on challenging construction conditions.
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•

Manage, operate and maintain (MOM): Describes how to ensure proper function
of the mitigation measures during their lifetime.

All the necessary tasks within the phases are described in modules. Each module contains
a distinct task. Related modules are linked together, allowing the user efficient navigation
in the MMM. The practical modules contain also videos of working processes e. g. of how
to construct a temporary access road along a river shore that will be protected against
erosion (video available on: https://youtu.be/bY9TmMWmyrY).

Figure 1: Figures from the phases “Plan”, “Design” and “Construct”. Illustrative figure for the phases
“plan” (left), cross section drawing from the module “Design of side slope protection with riprap”
(middle), and picture of a video about finishing work connected to the module “Constructing dumped
riprap on a side slope” (https://youtu.be/J8gFFQAqrVE?t=71).

The intended users are people working in municipalities with natural hazard mitigation,
design engineers and entrepreneurs.

Conclusion
Developing the MMM has so far increased the exchange of knowledge between the
different specialist fields, organizational units and generations in NVE. External specialists
are also involved in producing the content for the MMM which is still in progress. The
topics “flood and erosion” and “quick clay landslides” will be launched in 2020. The MMM
will become available on: https://www.nve.no/sikringshandboka/
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Surveying masonry check dams in
the Souzu River damaged by the July
2018 heavy rainfall
Ryo Hirata1, Nagazumi Takezawa2, Norihisa Someya3, Yasuo Ishii4
Keywords: Masonry check dam; Destruction; debris flows

Introduction
In Japan, a large number of masonry check dams were built up to the middle of the 1960s.
The debris flows or floods in July 2018 damaged seven masonry check dams in the Souzu
River, Hiroshima Prefecture. To prevent severe damages of masonry check dams and take
an effective reinforcement, we try to clarify the damage mechanism of masonry check dams
and suggest effective reinforcement measures. In the beginning of our study, we surveyed
actual condition of the damaged check dams and estimated how they were damaged.

Methods
A survey was conducted on the Souzu River where houses and infrastructure were
destroyed by debris flows or floods in July 2018. The Souzu River is located approximately
10 km southeast of Hiroshima City. The maximum rainfall for 24 h in Hiroshima City
during this event was 313mm (from 5:50 AM on July 7). Its catchment area is
approximately 4.2km2, and the average riverbed slope is approximately 12%. Granite
dominates the catchment, and the vegetation is mainly deciduous shrub and Japanese red
pines.
We surveyed seven masonry check dams in the Souzu River and classified them into three
categories of damage (CDs):


a) Dam body completely or almost completely destroyed



b) Dam body severely damaged but not destroyed



c) Dam body not damaged or only partially damaged

We estimated the destruction process using the differences in their CDs, shape of damage,
and locations.

1
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Results
Table 1 lists the specifications of the seven check dams and their CDs. Dam numbers were
assigned according to the order of locations from downstream of the river. A branch river
joins the Souzu River between Dam Nos. 6 and 7.
Dam Nos. 2, 3, and 4 were classified as category “a.” However, Dam No. 6, located
approximately 150 m upstream from Dam No. 4, was classified as category “b.” In addition,
its damaged part exhibited a “V-shape” (Figure 1). Before July 2018, it is estimated that
these four check dams had no such severe damages.
If the debris flows immediately destroyed Dam Nos. 2, 3 and 4, we would expect that Dam
Nos. 5 and 6 to also have been destroyed. Considering these differences and the shape of
damaged part of Dam No. 6, we presume that the masonry check dams did not undergo
immediate destruction but were gradually destroyed based on their partial damage.
In addition, Dam No. 1, located at the lower section of the river, was filled up with sediment
after the disaster. We considered that it was filled up by the debris flows because the slope
of the riverbed at the point of the dam is approximately 7%. However, the damage to this
dam was slight. Hence, we did not presume that the debris flows immediately destroyed
the masonry check dams. This fact supports our speculation that the destruction of the
masonry check dams progressed.
Moreover, we studied the dams in detail. The stones that comprised Dam No. 2 did not
seem to be closely compacted. In comparison, the stones that comprised Dam No. 6
appeared to firmly adhere to one another. The differences in the adhesion of each stone
likely affected the CDs of the dams.

Table 1. Specifications of the seven masonry check dams and their CDs
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Figure 1. Damage of Dam No.6

Conclusion
We presume that the masonry check dams in the Souzu River were gradually destroyed
based on their partial damage. We will study the destruction process of the masonry check
dams using experimenting models. Furthermore, we will study effective reinforcement
measures for masonry check dams after their process of destruction has been clarified.
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Development of a digital device for
monitoring and predictive
maintenance of flexible steel
protection systems against natural
hazards
Helene Hofmann1, Matthias Sorg2, Arnulf Hörtnagl3, Aron Vogel4, Jonas von Wartburg5
Keywords: Flexible protection systems; monitoring; Maintenance; SMARTBOX;
Corrosion

Introduction
Flexible steel protection systems against natural hazards are difficult of access when
installed in mountainous areas and inherently become difficult to monitor, maintain and
repair. Many events might go unnoticed and an appropriate protection of the assets below
cannot be kept upright. Furthermore, experience has shown that the corrosion classes,
according to ISO 14713-1:2009, can vary strongly on small localised area and lead to
unpleasant surprises. Therefore, the understanding of microclimates favourable to
corrosion process needs to improve.
A newly developed digital device is presented in this contribution, aiming to provide
monitoring of flexible steel protection systems in case of dynamic impact events. The
second target is to allow to pass from repair and preventive maintenance to predictive
maintenance by evaluating the local corrosivity. This device is equipped amongst others
with an accelerometer and a specially developed corrosion sensor. Following an impact,
the device will send out a signal, enabling a targeted maintenance. The corrosion sensor is
monitoring constantly the state of the barrier and allows a statement about the lifetime of
an installed flexible protection system leading to the concept of predictive maintenance.

Methods
Microclimate and corrosion: corrosion is problematic in the field of natural hazard
protection as the functionality of the protections systems relies on the full integrity of their
components. An appropriate description of the corrosivity of the future emplacement of a
steel protection systems is fundamental to provide the right corrosion protection on the steel
components. A classification of the different corrosion classes is given in ISO 9223:201205, describing 6 classes from C1 to CX where simply said C1 is unproblematic to a Zn-Al
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coating, which on the other hand disappears rapidly in a C5 environment. Unfortunately,
these classes are very generic, based on regional climatic aspects only. The corrosion
process is more complicated than that, depending on several factors which can vary
strongly on a very local scale. Factors creating a micro-climate which differs from the
regional climate based corrosivity classification are for example an industrial plant emitting
polluted air, the presence of localised water rich in chloride or sulphur, areas always in the
shade and therefore more humid or on the other hand very dry areas with a certain salt entry
that is not washed away periodically. De-icing of roads in winter induce a microclimate as
well along the first meter above the road leading to accelerated corrosion due to the salt
entry (see Figure 1a) although one would think in an alpine environment the corrosivity
class must be C2. The necessity of developing a specialized corrosion sensor seemed to be
of paramount interest to define and monitor such microclimatic areas around protection
systems.
Calibration on laboratory scale: the accelerometer was calibrated on a flexible rockfall
barrier test site, where the impact energy and the forces measured in the system are fully
known, in order to correlate acceleration (see Figure 1b) to impact force. Further
calibrations are underway to refine the obtained data. The corrosion sensor was tested in a
climatic chamber and on a test site in Helgoland, Germany (see Figure 1c).
Data collection in the field: the digital device (see Figure 1d) was placed on several rockfall
and debris-flow barriers across Europe in Summer 2019. The locations were chosen
according to known frequent impacts and highly corrosive areas.

Results and conclusion
Preliminary results show that the acceleration measured with the devices correlates well
with the know impact force of a dynamic impact in a rockfall barrier. The climatic chamber
results and the results at the corrosion test site in Germany seem to indicate a
proportionality between the measured current and the weight loss on the corrosion sensor.
Around 50 boxes have been deployed so far and first results seem to confirm the trend.
Further conclusions can only be drawn if the devices undergo a longer time outside,
therefore data collection will go through summer, autumn, winter and spring to fulfil a full
seasonal cycle and first results will be presented at the conference.
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Figure 1: a) microclimate in an alpine environment due to frequent deicing of the road; b) accelerometer
read-out after an impact; c)calibration of the sensor in the climate chamber; d)example of a digital
device in the field.

References
EN ISO 14713-1:2009 Zinc coatings – Guidelines and recommendations for the
protection against corrosion of iron and steel in structures – Part 1: General principles of
design and corrosion resistance.
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Introduction
Heavy rainfall events usually occur on a very small scale in connection with severe summer
thunderstorms. Uncontrolled run-off of water in the area leads to local flooding and
sometimes causes extreme damage. Almost any location can be affected, even if it is not
located on a water body. Forecasts by the weather services are well advanced, but precise
location is difficult. This results in extremely short advance warning times. According to
the EU Flood Directive (Directive 2007/60/EC), heavy rainfall events are part of the flood
risks to be considered. The management of heavy rainfall risks is a cross-cutting task that
requires the involvement of various stakeholders. In contrast to flood risk management
along water bodies, structures and processes in heavy rain risk management are not yet
sufficiently established in the individual countries.

The rainman project
Ten institutions from six Central European countries were working together in the
RAINMAN project (www.interreg-central.eu/RAINMAN) on recommendations and
solution models to improve the handling of heavily rain-induced floods. The project was
running from July 2017 to June 2020. The aim is to enhance the competence of local
stakeholders in identifying heavy rain risks and in developing suitable precautionary and
protective measures. Tools have been developed and compiled in the RAINMAN-Toolbox,
which is publicly available as a web-based application in six languages (www.rainmantoolbox.eu). The basis for the various activities was the online survey among experts and
stakeholders on their experiences, mapping and measures in connection with heavy rain
events (Dreßler, 2018) carried out at the beginning of the project, as well as two studies on
methodological approaches and know-how available among stakeholders on
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methodological approaches for determining risk (Broer, 2018) and measures to reduce risk
(Balvin, 2018).

Figure 1: Heavy rain hazard map, Stufenbach Graz/A, © Waser, VrVis

Pilot studies
In close cooperation with local stakeholders in heavy rain risk management, methods and
measures have been developed and tested in seven pilot activities. Risk is understood as
the combination of heavy rain flood hazards with vulnerable elements and the resulting
damages. The pilot areas represent rural and urban areas as well as different topographies
and land uses. In the pilot study in the city of Graz, Austria, for example, methods for
mapping and assessing the heavy rainfall risk have been developed for five sub-basins
together with Graz University of Technology (Leitner, 2019). The special feature is that in
the hydrodynamic model for determining the flow paths, the interactions between the
subsystems "Slope, Urban Space and Urban Running Waters" are taken into account,
including the relationships between surface runoff and sewer system. Based on the hazard
and risk maps (e.g. figure heavy rain hazard map Stufenbach Graz) produced in this way,
disaster control plans for heavy rainfall events have been elaborated. With the involvement
of experts and regional stakeholders, local needs could be accommodated.

Results
Surveys, studies and pilot actions have revealed large differences between countries and
regions in heavy rain risk management due, among other things, to different data
availability and institutional, legal and geographical frameworks. The RAINMAN-
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Toolbox focuses on the following main content areas, whereby the target group is primarily
municipalities as key stakeholders and multipliers:


Evaluation and mapping tools for heavy rain events (e.g. combined assessment of
surface runoff and sewer system)



Implementation aids for risk mitigating measures, warning and crisis
management (e.g. emergency response plan toolkit)



Recommendations for integrated flood risk management



Awareness-raising and stakeholder participation tools (e.g. board game for
schools)



Presentation of good examples from practice as an impetus for local and regional
stakeholders.

Conclusion
The aim of RAINMAN is to support local and regional stakeholders in Central Europe in
dealing with heavy rain risks. With the RAINMAN-Toolbox, a successfully tested
instrument is available. Stakeholders have access to a selection of measures, guidelines and
experiences to find the best solution for their municipalities and regions. In addition, the
results of RAINMAN will provide valuable assistance to Member States in implementing
the EU Flood Directive.
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Introduction
In recent years, in response to landslide disasters that have become particularly drastic,
efficient learning opportunities related to landslide disasters can be ensured for officials of
government agencies who have insufficient experience and knowledge specialized in
Sediment Disaster.
In order to cope with this situation, i think that it is important to secure learning
opportunities for training participants before training and to improve the basic knowledge
skills of staff at the preparation phase from normal times.
In this paper, i examined the prior learning contents for the disaster prevention staff of the
government organizations participating in the training.

Methods
In reviewing the contents of prior learning, i examined the contents of the pre-learning
based on the results of the “joint disaster prevention drill assuming Sediment Disaster”
conducted by the relevant municipalities, prefectures, and the government of the Fuji River
basin from 2014 to 2016.
Table 1 shows the things to learn in advance.
The flow of examination of the prior learning content is pre-learned about one month before
the joint disaster prevention drill in which Nirasaki City, Yamanashi Prefecture
participates.
Then, after conducting the training, a questionnaire is conducted to confirm the prior
learning effect, and the result is fed back to the learning content.
Table 2 shows the prior learning items to be implemented before training.
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Table 1: Things to learn in advance

①Meteorological information up to the time of occurrence of large-scale
Sediment Disaster (Large-scale Sediment Disaster, etc.), response to
Sediment Disaster
②Correspondence contents based on local disaster prevention plans
③Knowledge about Sediment Disaster Prevention Act and large-scale
sediment disaster response
④National technical support (Technical Emergency Control Force, etc.)

Table.2 Prior learning items

No.
1
2
3
4
5
6
7
8
9
10

Study items
Characteristics of Sediment Disaster
Characteristics of deep collapse
Role of Sabo Project
Features of the Sediment Disaster Prevention Act
Local disaster prevention plans
Provision of weather information
Principles of evacuation behavior
Evacuation site management
The role of Technical Emergency Control Force
Emergency investigation based on the Sediment Disaster
Prevention Act

Results and discussion
The e-learning format was adopted so that it could be answered in about 30 minutes and
the commentary could be checked, considering that it could be done at a convenient time
during the job.
About 10 people who participated in the training conducted the prior learning.
The survey was carried out by relatively elderly people aged 40-60, and the average number
of correct answers tended to be relatively high at 75%. The majority of the results of the
prior learning (questionnaire results) answered that they were useful for training and
disaster management work.
About 10 people in Nirasaki City, Yamanashi Prefecture who are expected to improve their
knowledge skills in response to Sediment Disaster, will try the operation methods and
answer procedures. I confirmed that there was no problem.
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Conclusion
In this study, i examined prior learning contents for staff in Nirasaki City, Yamanashi
Prefecture.
By learning in an e-learning format, the level of understanding of staff in Nirasaki City
regarding sediment disaster increased from 30% to 70%.
The study contents including the purpose of improving basic knowledge related to
Sediment Disaster were examined, and it was found that there was a certain effect as prior
learning before disaster prevention training.
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Introduction
Mountain forests that cover alpine slopes are key in ecosystem-based disaster risk reduction
and management. Their important role is reflected in various terms such as protection forest
or protective forest, protective function and protective effect that are used inconsistently
and sometimes misleadingly both nationally and internationally. For example, in
Switzerland the Federal Forest Act (LFo 1991) defines a protection forest as “[…] a forest,
which protects an acknowledged damage potential against a natural hazard or reduces the
involved risks”. The Article 43 of the Slovenian Act on Forests (ZG) declares protective
forest as “forests in adverse ecological conditions, which protect themselves, their land and
lower lying land, and forests in which there is a particular emphasis on any other ecological
function [...]”. In the Austrian Forest Act (ForstG 1975) and the administrative regulations,
protective functions of forest are called protective effects, i.e. both terms are used
synonymously. To support a clear communication among scientists, engineers,
stakeholders and with the public, we therefore present a consistent Protection Forest
Definition Matrix (Kleemayr et al. 2019).

Site and object protection forest
The general understanding of a protection forest is the protection of people, settlements and
infrastructure from gravitational natural hazards such as snow avalanches, rockfall and
spontaneous landslides, and fluvial natural hazards such as floods. This, however, only
highlights one aspect of protection forests and their protective effects. The second aspect
is to protect soil from degradation and to ensure forest growth capacity. For example, the
Austrian Forest Act clearly defines and differentiates between “site protection forest” and
“object protection forest” (ForstG 1975).
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The term site protection forest is used for forest areas in which the preservation and
regeneration of the forest itself is the main objective. Two types have to be distinguished:
1. Soil protection forest protects against soil degradation (e.g. loss of humus, erosion) and
supports the sustainability of the forest location (Fig. 1 F1, E1).
2. Process protection forest reduces the formation and development of hazard processes in
the forest area (Fig. 1 F2, E2), since continuous forest cover loss can be caused by recurring
natural hazard processes and erosion.
The term object protection forest is used for forests that protect objects in developed areas
from natural hazards. An object protection forest can only be assigned, if an object is
endangered; otherwise it falls into one of the categories described above. Two additional
types of object protection forest have to be distinguished:
3. Direct object protection forest (Fig. 1 F3, E3) protects objects from gravitational natural
hazards. A direct link between the precise location of the hazard process and an endangered
object can be established.
4. Indirect object protection forest (Fig. 1 F4, E4) protects objects from fluvial processes.
Typically, it is not possible to establish a direct connection between a precisely located
protection forest area and a flooding scenario since the entire catchment area may
contribute to flood protection.

Protective function and effect
The Austrian Forest Act also differentiates between “protective function” and “protective
effect” (ForstG 1975).
The term protective function is used to manage the development of, e.g., the entire forest
in Austria by defining functional areas and “is” and “should” conditions (BMLFUW 2012).
That is, desired forest functions such as protection, recreation or timber production are
assigned to a forest resulting in measures that are necessary for the sustainable provision
or improvement of that function. A forest with a protective function designation is a forest
area intended to protect against natural hazards and/or site degradation (Fig. 1 F1-F4). In
this context, it is of secondary importance in what condition the forest actually is or whether
a forest cover currently exists.
The term protective effect is used in the context of protection measures, forest or risk
management. It implies a description of the forest structure, which allows one to assess the
actual protective capacity of a forest against natural hazards and/or site degradation. If
forest cover is absent from a forest area, this area will not have a protective effect. Figure
1 E1-E4 therefore shows symbolically forest areas with stands that have a protective effect
(tree elements) and forest gaps without protective effect (full color).

-2.
INTERPRAEVENT 2021 – EXTENDED ABSTRACTS

| 323

Figure 1: Protection Forest Definition Matrix (see text for details). Column 1 (yellow): soil protection
forest (function-F1, effect-E1); Column 2 (orange): protection forest on formation and process areas (F2,
E2); Column 3 (red): forest that directly protects developed areas (settlements and infrastructure) from
gravitational hazards (snow avalanches, rockfall, spontaneous landslides; F3, E3); Column 4 (blue):
forest with indirect protection benefits on fluvial natural hazard processes (torrents, flooding) for
developed areas (F4, E4). Forest area in green. Source: Kleemayr et al. (2019)

Conclusion
The Protection Forest Definition Matrix was developed during the interdisciplinary
Interreg Alpine Space project GreenRisk4ALPs(ASP635) and provides a consistent
terminology to ensure clear communication regarding protection forests in mountain areas.
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Introduction
The Rieu Benoît is a debris-flow-prone catchment located in Valloire (Savoie, France). In
2011, a lateral landslide was detected about 600 m upstream of the fan apex where houses
are present. This landslide has evolved slowly but is likely, in case of rapid collapse, to
provide up to 200,000 m3 of material to the channel and generate intense debris flows thus
threatening human settlements on the fan and in the Valloire ski resort. We present the
definition of a protection strategy based on the principle that a catastrophic evolution of the
landslide can be detected sufficiently in advance to set up an effective alert procedure.

Methods
Before setting an effective early warning, we need to better understand and quantify all
factors potentially contributing to the debris-flow triggering. In the case of a landslide
triggering, it is critical to unravel the various cascading effects that can lead to increased
risk to the population. We focus on the methodology and monitoring techniques used to
address these questions about the physical processes at work. This is achieved by
considering the following points:


Debris flows initiate in the upper part of the catchment independently of the
landslide. Their study is based on a Lidar survey covering the whole catchment,
which is used to characterize the areas of active erosion and to analyse their
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connectivity with the hydrographic network. We supplement this analysis with
information on past events from historical archives.


We need to characterize the landslide and, in particular, its volume and conditions
of collapse, which was carried out using seismic and electrical tomography; and
monitor it to be able to anticipate its evolution, which is carried out using
photogrammetry, seismic and RFID sensors (Colombero et al., 2017)



We need to analyse precisely the processes at the contact between the landslide
and the stream channel which could be a key-point of debris-flow triggering. The
monitoring combines two techniques: permanent observation using a camera and
quantitative evaluation by comparison of Lidar surveys carried out with a drone,
each time some substantial activity is detected by the camera.



Because of the complexity of cascading processes, one can hardly deduce the flow
characteristics (depth, velocity,…) immediately upstream of the areas at stake only
from consideration of the triggering conditions. Thus, we installed a flow
monitoring station at the apex of the stream fan (Fontaine et al., 2017)



It is only after better understanding the potential impact on urbanized areas that we
can set up efficient alert procedures. In practice, the impacts for a series of
scenarios of future evolution of the landslide are assessed with the help of the 2D
numerical model dedicated to the computation of debris-flow spreading.

Results and discussion
Several landslide scenarios ranging from 5,000 to 200,000 m3 have been deduced from the
initial landslide study based on seismic and electrical tomography, and preliminary
simulations of the subsequent debris-flow have been carried out. The permanent
monitoring system has fully been deployed with location of the devices given in Figure 1.

Figure 1: Location of the landslide, stream channel, and monitoring devices
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Conclusions
We have presented the monitoring activity developed to improve understanding of the
cascading effects, which, from a landslide collapse, may lead to debris-flow spreading in
the urbanized areas of the Valloire ski resort. This study helped defining event scenarios,
and assessing the corresponding hazards more accurately, and contributed to define the
features of a permanent alert system. The next step will consist in collaborating with the
local municipality to transfer the system and define a crisis management plan (information,
warning, evacuation…).
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Introduction
Various measurements technologies exist for surface deformation monitoring of unstable
slopes, such as landslides, rock instabilities or glaciers. We noticed that there is a lack of
an automatic, cost-effective technology for continuous long-term monitoring enabling
large-scale surveillance of slope dynamics and simple detection of acceleration at an early
stage.

Methods
We developed a fully automatic deformation analysis based on high-resolution images and
sophisticated selection and evaluation algorithms. The deformation camera system consists
of a 42-MP camera, autonomous power supply and data transmission to our cloud. Several
times a day, the camera system automatically triggers images of the monitored area and
uploads them to our cloud. Subsequently, a selection algorithm eliminates unsuitable
images due to weather and exposure by analysing image characteristics. Then, the best
image combinations for a given interval are determined based on maximum attribute match.
Automatic selection is vital for full process automation and is one of the key features of
our application compared to conventional image analysis based on manual sample
selection. The CPU-intensive image analysis based on cross-correlation then runs for
several hours on our high-performance computers. The 2D-deformation analysis is
projected on a site photo and shows the displacement colour-coded, with arrows indicating
the direction of movement. In addition, we calculate time series of defined image fields
providing an overview of long-term surface displacement dynamics. Overall, we focused
on an energy efficient and robust system design that allows the camera system to be
deployed in remote and high mountain areas.
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Result & discussion
Since development of optical deformation analysis in 2017, we have installed more than
30 automatic stations for landslide, rock instability and glacier monitoring in Switzerland,
France, Norway, the US and China.

Mannen, Norway
The highly unstable mountain portion of Mannen, called Veslemannen, had been monitored
for years with various measurement instruments (NVE, 2019). In late 2018, The Norwegian
Water Resources and Energy Directorate (NVE) extended the setup with the deformation
camera to monitor the instability from the plateau above. Once most snow had melted by
early July 2019, daily deformation analysis indicated significant displacements. In the
following weeks, the unstable area increased in size with simultaneously accelerating
displacement rates until the slope failed on 5 September 2019. Ground based InSAR was
the main method of monitoring displacement and issuing hazard levels, but the deformation
camera showed to be a helpful additional tool for observation of long-term trends and
provided valuable image data for monitoring of Veslemannen.

Figure 1: Deformation analysis based on high-resolution images for Veslemannen on 5 September 2019
shortly before rock slope failure.
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Trift glacier, Switzerland
In 2017, we installed the very first deformation camera at Weissmies for long-term
monitoring of Trift Glacier. In August the same year, deformation analysis showed a clear
acceleration of the glacier flow rate and indicated an imminent collapse of the unstable
glacier part. An inverse velocity analysis performed end of August 2017 pointed to a failure
in mid-September. At this point, the monitoring setup had to be adjusted, and we
additionally applied the interferometric georadar to provide more detailed data with allweather availability. Based on the measurements, we were able to predict the time of the
event with a few hours accuracy and minimize precautionary evacuations to the night of
glacier collapse (VAW Bericht) on 10 September 2017. In July 2019, deformation analysis
detected another, albeit smaller, event several days ahead. Authorities closed hiking trails
at risk and issued warnings based on the optical deformation analysis. A large portion of
the unstable ice masses broke off two days later and the closures were lifted the same day.

Conclusion
Optical deformation analysis based on high-resolution images has proven to be a
convenient and cost-effective tool for automatic, long-term monitoring of instabilities,
including landslides, rock faces and glaciers, where vegetation and weather is not an issue.
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Introduction
The massive rock slope collapse of 23 August 2017 at Piz Cengalo on the Swiss-Italian
border initiated an almost simultaneous debris flow. The powerful debris flow carried huge
boulders through Bondasca Valley and triggered our debris flow alarm system at the Prä
detection site, a few minutes before reaching the village of Bondo. The system, in operation
since 2013, automatically closed various roads and informed the authorities in real-time.
On the monitoring side, emergency measures included quick repair of the radar gauge
station damaged by the unexpectedly large event and system extension to gain more
warning time. The large rock deposits in the upper Val Bondasca combined with heavy
precipitation are likely to lead to further debris flows. In addition, unstable rock material
remained on the mountain and further large rockfall events are expected. Hence, we
developed permanent radar monitoring for Piz Cengalo and an extended debris flow alarm
system in Bondasca valley with alerting points in the clearing zone, Bondo village and at
affected roads and foot paths.

Methods
The early warning system consists of three separate stations including a range of sensors
and cameras as well as a tailored communication infrastructure covering the entire valley.
At alpine hut Scoira, we installed a warning system using interferometric radar
(Interferometric Synthetic Aperture Radar, GB InSAR) for permanent monitoring of Piz
Cengalo (Meier, 2018). The interferometric radar continuously scans the unstable rock face
and detects sub-mm surface deformations. Subsequently, deformation analysis is applied
to identify accelerated areas within the rock face. Inverse velocity analysis of the critical
rock areas allows to estimate the approximate failure time of an accelerated area.
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Along Bondasca river, we set up two alarm stations for real-time debris flow detection.
Four gauge radars, two at each station, continuously measure the river level and trigger an
alarm if the predefined threshold is exceeded. In addition to redundant level measurements,
we installed several cameras for remote viewing and automatic event recording. At the
upper station, we further installed three seismometers to redundantly verify debris flows
and simultaneously monitor rockfall activity at Piz Cengalo above with machine-learning
based algorithms.
In terms of data and alarm transmission, we developed a comprehensive communication
system with several redundancy levels including glass fibre, WLAN, radio and GSM. The
remoteness of some stations further required the provision of autonomous power supply,
i.e. with a fuel cell and solar panels and combinations of both.

Result & Discussion
The permanent radar measurements at Piz Cengalo have allowed to detect several rockfall
events already at an early stage and to successfully predict the time of collapse one or two
days in advance (Wilhelm, 2019). The biggest event since radar installation on 4
September 2017, a rockfall with a volume of 400,000 m3, occurred on 15 September
2017. First estimations on when the slope would fail could be made two days ahead
based on the radar measurements. This allowed to minimize evacuations in Bondo to the
night of the collapse and to give the all-clear the following day. After quiet winter
months, the radar detected two phases of jerky backward motion in summer 2018,
which was confirmed by independent periodic radar measurements (Wilhelm, 2019).
By using newly developed repeat-pass algorithms, deformations on a mm scale are
automatically detected over time periods of days to months.
Several debris flows, albeit smaller than the original ones, have occurred since alarm
system repair and upgrade in September 2017. All events correctly triggered the alarm
either at the upper station Lera or the lower station Prä.

Conclusions
Radar monitoring at Piz Cengalo and debris flow detection in Bondasca valley have been
performed permanently since September 2017 and June 2013, respectively. The debris flow
alarm system responded correctly and immediately alerted in the valley during the major
event of 23 August 2017. The permanently operated interferometric radar has proven to be
a reliable tool for monitoring rock movements in the north-eastern face of Piz Cengalo on
a scale from mm/month to several cm/day and has enabled to detect several rockfall events
at an early stage.
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Figure 1: The 10-day deformation analysis with repeat-pass algorithms for 13 August 2018 clearly show
a backward motion of several millimetres.
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Introduction
County Road 7900 in the Troms region, Northern Norway, leads through the avalancheprone section of Holmbuktura and is the only access road to a small settlement and
recreation area. Winter road safety is ensured by manual road closures based on avalanche
danger assessments. Possible avalanche mitigation measures include a tunnel or an
avalanche protection gallery, both with costs of more than 30 Mio Euro (Persson, 2018).
Due to the relatively small volume of traffic, the Norwegian Public Roads Administration
(NPRA) opted for a more cost-effective approach to road safety and tested an early warning
system with real-time radar avalanche detection from 2017 - 2019. The test proved the
radar system suitable for reliable, automatic avalanche detection regardless of visibility
conditions up to a distance of 3.5 km (Meier, 2019). The next step was to upgrade the
avalanche radar system to a fully automatic operational alarm system with integrated traffic
barriers.

Methods
The initial avalanche radar in Holmbuktura provided sufficient coverage of the large slope
with a single device. A second wide-angle radar was installed at the same location
providing redundancy and increased coverage of the lower slope section. The detection
system was adjusted for automatic road closure and reopening in case the avalanche did
not reach the road. The complete road section at Holmbuktura measures almost 1500 m
which turned out to leave insufficient warning time for vehicles to evacuate the entire
section at risk. In approximately the middle of the route is a section protected by forest and
rock formations and is regarded as a safety zone. The safe zone divides the route into two
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danger zones of adequate length for alerting. The danger zones are equipped with barriers
on either side. To ensure maximum warning time, the avalanche radar closes the road
immediately upon detection. However, only a few avalanches really reach the road with
most of them coming to a stop further up slope. For this reason, we implemented automatic
reopening based on avalanche tracking and mapping with radar. Should a detected
avalanche remain outside a predefined danger zone near the road, the radar system
automatically gives the all-clear and reopens the road. This principle has proven very
effective in a similar avalanche alarm system in Randa, Switzerland (Meier, 2018).
A unique and worldwide unique feature of the avalanche detection system in Holmbuktura
is automatic vehicle recognition in the monitored road section using radar. This enables
traffic counting and monitoring with the aim of immediate confirmation if a vehicle is
involved in an event. This may not reduce the residual risk but will speed up and facilitate
rescue operations should they be required. In addition, automatic vehicle detection provides
the traffic authority (VTS) with important information about vehicles in the safety zone
that require evacuation.

Result & discussion
We report on the first season of operating this state-of-the-art avalanche alarm system in
Holmbuktura. Regarding road safety management, we have defined two different
approaches:
a.)
Complete reliance on the radar system with acceptance of the residual risk. The road
is by default open and only automatically closed when the system detects an avalanche.
Manual assessments and road closures are no longer needed. The residual risk, however,
remains relatively high.
b.) Use of the radar system as additional safety measure. This means that the previous
approach with manual avalanche assessments and road closures is still performed and the
avalanche alarm system serves as back-up for incorrect evaluations, i.e. an avalanche
reached the open road.
For Holmbuktura, we decided to start with approach b and, if more experience with alerting
could be gained, to move on to approach a in the long term.
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Fig. 1: Overview Holmbuktura.

Conclusion
We present the findings after the first operational season 2019/2020 with the alarm system
and report on challenges and problem-solving. In addition, we give an outlook on future
possibilities and potential further developments for the avalanche alarm system in
Holmbuktura.
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Introduction
The Åknes rock slope, located in the county of Møre and Romsdal in western part of
Norway, is one of the most hazardous rock slopes in Norway. It has an estimated unstable
volume of 54 Mm3 in the largest scenario (Hole et al., 2011). The rock slope overlies a
fjord where a rockslide may cause a tsunami with potential run-up heights of up to 70-85
m in nearby villages (Harbitz and Glimsdal, 2011) effecting the area of thousands of
inhabitants. Åknes is also the most investigated unstable rock slope in Norway (Rønning
et al. 2006, Ganerød et al. 2008 etc.) . The rock slope has 12 boreholes totalling 2400 m of
cored borehole, extensive geophysics including 11 resistivity profiles and 3 seismic
profiles, hydrogeological testing including tracer tests and hydraulic borehole testing. The
rock slope is under continuous monitoring by The Norwegian Water Resources and Energy
Directorate (NVE). The monitoring network include an automated total station with 30
prisms, rod extensometers, differential GPS, instrumented boreholes, lasers and a network
of geophones. The slope has also been surveyed using ground based InSAR and LiDAR.
Sentinel-1 radar data from reflectors are processed on a weekly basis. A feasibility study
to investigate if the rock slope can be stabilized by drainage of groundwater was started in
2017. This method is implemented with success in several other locations including
Dutchman’s Ridge and Downie Slide in Canada and Mt. de la Saxe in Italy.

Methods
A new extensive data acquisition program has been undertaken to acquire information
about the sliding plane, groundwater and movement of the unstable mass. The new program
includes four new boreholes with instrumentation, as well as a new resistivity profile and
seismic profiles and extensive hydrogeological sampling. The new borehole
instrumentation is equipped with 10 packers whose purpose is to re-establish undisturbed
groundwater flow in order to monitor the natural state of groundwater. Groundwater levels
are correlated to climate data, to identify if groundwater at specific sliding planes is effected
by heavy rain events or seasonal changes, as well as to movement along the sliding planes.
Fibreoptic temperature measurements are also gathered in open boreholes to give further
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insight into groundwater flow. All data from Åknes is integrated in a 3D geological model
using Petrel software. Sliding planes and aquifers are interpreted from borehole and
geophysical data. The interpretation forms a basis for a hydrogeological model and a
numerical stability analysis.

Figure 1. Overview of the study area with the outline of the largest scenario og Åknes (54 Mm3) and
locations of instrumentation and geophysical data.

Results and discussion
The new multi-packer borehole instrumentation eliminates water flow vertically within the
borehole, nearly reconstructing the natural state of the groundwater. This allows monitoring
of perched aquifers and rainwater influence in the upper sections of the unstable mass, and
it is essential in understanding groundwater conditions within the rock slope.
Resistivity data help in identifying the most suitable drainage strategy. The integrated
geological model will be presented, as well as selected data from the new investigations.
Preliminary results on rock slope stability, the effect of groundwater and the potential for
stabilizing the slope by drainage will be discussed. Evaluated mitigation measures consist
of combinations of drainage trenches on the surface, horizontal boreholes from the surface
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and a tunnel with boreholes from underneath the unstable rock mass. Draining the unstable
mass is a challenging operation that will require a large number of boreholes.
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Introduction
Climate change and intensifying land use is enhancing flood hazard and there is a strong
demand to improve protection against them (e.g the European Union’s Floods Directive).
Measures such as dikes, bank protection, and reservoirs designed to mitigate flood
impacts have significant negative effects on river ecology. These interventions alter
sediment transport, river morphology, and habitat quantity and quality and thereby
biodiversity and fish abundance. Modern water management, such as the European
Union’s Water Framework Directive, however, demands ecological status of rivers to
improve. Increasing flood risk must therefore be harmonized with ecological objectives to
be effective and meet both management objectives.

Methods
Our study focuses on flood control measures in four Norwegian case rivers. Each river
was mapped with aerial photos, LiDAR scans, sediment sampling, field mapping, and
geological and geomorphological data according to Hauer and Pulg (2018). The
distribution and quality of spawning habitat, rearing habitat, and migration barriers for
Atlantic salmon (Salmo salar) and anadromous brown trout (S. trutta) were mapped in the
field in the whole anadromous stretch of each river (Pulg, Vollset, and Lennox 2019).
Backpack-electrofishing was conducted from over 200 stations representative of all
available river morphology types. The data were thereafter correlated to river typology of
(Hauer and Pulg 2018). River morphology types were associated with quantity, quality,
and distribution of fish habitat as well as to the existence of migration barriers. Flood risk
was evaluated by two dimensional hydraulic modelling. Together 14 management
scenarios were developed for the case rivers with different effects on flood protection and
ecology.
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Results and discussion
Flood protection and ecological mitigation measures were strongly influenced by the
diverse river morphology of the Norwegian rivers where the risk of erosion and the risk
of inundation alternates at a small scale. In the postglacial landscapes of Scandinavia,
river channel patterns are highly diverse, do not follow the traditional concepts of fluvial
models, and are distributed seemingly randomly along the rivers’ run. Hauer and Pulg
(2018) described a highly variable morphology determined by non-fluvial patterns such
as glacial and colluvial deposits and bedrock defining the river’s longitudinal profile
shape, bed slope, and channel patterns. It is presumed that the characteristic morphology
evolved during the Holocene due to riverbed incision and low fluvial sediment yields,
which are typical for post-glacial landscapes with low sediment supply such as large parts
of Scandinavia, Greenland, and the eastern Canadian Shield, but also in other regions
such as parts of Central Europe. These non-fluvial reaches alternate with fluvial and
semi-fluvial ones forming a highly diverse morphology with very different sediment
characteristics and channel stability and thus different flood hazard risk and ecological
conditions.

Conclusion
Our findings can be used as a predictive model to evaluate the ecological effect of
different flood protection methods. A catalogue of flood protection measures and their
ecological effect is presented. Based on our scenarios, we can demonstrate that both water
management objectives, enhanced flood protection, and improved ecological status can
be achieved by applying methods such as widening of the river corridor, nature-based
bank protection, ecological mitigation measures, and river restoration (Fig. 1). We
provide modelling tools to apply and dimension such methods in practice and highlight
the need to include both, the risk of inundation and erosion depending on the river reach
type.
We conclude that flood risk management and ecological objectives must be considered
concurrently and, if applied properly, they can contribute to each other’s realisation. Our
results contribute to the understanding of morphological processes and the genesis of
rivers in post-glacial landscapes. They are applicable and meaningful for communities
and management authorities striving to protect against flood risks without compromising
ecological integrity.
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Fig. 1 River morphology types determine juvenile densities of Atlantic salmon and brown trout (208
electro fishing locations) and applicability of nature based flood control measures.
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Introduction
Different mass movements (shallow or deep-seated landslides, debris floods or debris
flows) can occur in Slovenia relatively frequently, endangering human lives and causing
large economic damage.
In May 2018, a large debris flood occurred below the Krvavec ski-resort in North Slovenia,
which was initiated by a rainfall event with a return period above 50-years. We briefly
present situation during and after this event and describe the mitigation measures that were
taken in order to reduce the risk in case of future extreme events.

Investigations
The Krvavec ski-resort is part of the Kamnik-Savinja Alps (N Slovenia). During the May
2018 event two torrents (i.e. Brezovški and Lukenjski graben) each with a catchment area
~2km2 (1.9 and 2.4km2) transported ~8,000m3 of sediments that were deposited in the
reach at the lower station of the cable-car to Krvavec ski resort. Both torrents are
characterized by slopes of approx. 32% and 25%, respectively. Land-use cover in this area
is around 75% forest and 25% agricultural land. Several relatively large events already
occurred in the past in this area. Therefore, these two torrents were to some extent already
regulated in the lower reaches in the past. After the May 2018 event, a geological survey
of the area was carried out in order to estimate the potential debris-flood source (Figure 1).
Based on the survey, the event was characterized as a debris flood. Moreover, the May
2018 event indicated that additional measures have to be taken in order to reduce the
downstream risk due to possible debris flows and debris floods. Therefore, a check dam is
planned to be constructed at the confluence of the torrents. Check dam will have a vertical
slit and a trapezoidal weir. In order to define the vertical slit dimensions with aim convey
the discharge with 20-year return period, the Zollinger equation was used (1983; cited in
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Piton and Recking 2015). Additionally, the Piton and Recking (2015) equation for the
relative opening of the slit was used. Moreover, the weir was designed to convey the 100year flood using additional freeboard. For the structural design of the dam, 3 scenarios were
considered including one with a debris-flow impact. The retention capacity of the
new check dam will be 14.000m3. In order to validate the empirical approach used
for the debris-flow impact calculation, RAMMS debris flow model was applied.
Several additional measures were also designed to ensure functionality of the whole
system of mitigation measures planned on this torrent. (Figure 2).

Figure 1: Situation in the investigated area after the event.
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Figure 2: Graphical presentation of the dam location.

Conclusion
The extreme May 2018 event that occurred near the Krvavec ski-resort was classified as a
debris flood with a return period ~50 years. After the extreme event, mitigation measures
such as the large slit check dam were planned to be carried out to ensure safety for the
lower station of the cable car to the Krvavec ski resort and the downstream settlements.

References
Piton G., Recking A. (2015) Design of Sediment Traps with Open Check Dams. I:
Hydraulic and Deposition Processes. Journal of Hydraulic Engineering 142(2): 04015045.
Zollinger F (1983) “Die Vorgänge in einem Geschiebeablagerungsplatz (ihre
Morphologie und die Möglichkeiten einer Steuerung) [Processes in debris detention
basins for torrent control (A morphology and the possibilities of control)].” Ph.D. thesis,
ETH Zürich, Zurich, Switzerland (in German).

-3.
346 |

INTERPRAEVENT 2021 – EXTENDED ABSTRACTS

14th Congress INTERPRAEVENT 2021
Norway – Extended Abstract
www.interpraevent.at

Reducing the risk from climate
induced hazards to buildings and
infrastructure; KLIMA 2050 - A centre
for research-based innovation
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Vittoria Capobianco6, Håkon Heyerdahl7, Carl B. Harbitz8, Jose M. Cepeda9
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Introduction
Klima 2050 (www.klima2050.no) is a Centre for Research-based Innovation (SFI)
financed by the Research Council of Norway and 20 consortium partners from research,
education, public entities and industry, with the goal of reducing the societal risks
associated with climate change and increased precipitation and flood water exposure to the
built environment. The Centre, lasting for 8 years, until 2022, is organized in 4 work
packages, dealing with adaptation of buildings, urban flooding, landslides and governance.
NGI is responsible for the work package (WP) on 'water triggered landslides'. All
performed research have practical applications, and must be beneficial for the user partners,
as well as for society at large.

Methods
The WP on landslides comprises innovations in numerical codes for landslide modelling,
mitigation measures, early warning systems, and management of landslide risk, and there
are PhD candidates as well as several MSc students working on topics related to these
themes. PhD and MSc candidates perform studies related to improved landslide numerical
modelling, early warning by the use of remote sensing data, and innovative mitigation
measures to reduce the impact of debris flows, with a particular focus on reducing
entrainment.
Pilot projects form an important part of the activity. The intention is to test new methods
and services in close collaboration with user partners. Pilots may be physical objects or
localized sites, or they may be databases or services. The development of a Landslide Risk
Mitigation Toolbox (LaRiMiT) (Figure 1) is the first of the pilots of the landslide work
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package, and two more are being started during the fall of 2019. These focus on vulnerable
transport infrastructure and comprise:


Instrument-based warning system as a mitigation measure in potentially unstable
soil slopes. This is a continuation of the activity described above, but also widened
in scope to test out various innovative drainage solutions and assess their effect on
soil conditions and stability.



Establish a warning system for one of Norway's touristic roads, 'Trollstigen', based
on improved analyses of weather systems and the use of weather radar data.

Results and discussion
Main achievements so far include:


Improved reliability of landslide hazard mapping through establishment of an
event-based landslide inventory, field mapping and run-out back analyses of
historic landslides and establishment of improved input parameters for landslide
models for Norwegian conditions.



Development of a web-based toolbox for selection of appropriate landslide
mitigation measures for a given case (LaRiMit - Landslide Risk Mitigation
Toolbox) (Figure 1). The toolbox contains more than 70 different measures
classified in 11 different mitigation categories and has been updated recently with
Nature Based Solutions (NBS). The toolbox is designed to assist decision-makers
and stakeholders to choose the right mitigation measure, in accordance with their
needs and resources. It is based on a scoring system and delivers a set of options
the user may choose from.



Establishing a base for improving landslide warning systems using locally
monitored data, in particular piezometer data, and follow this up by installation of
in-situ instrumentation in potentially unstable soil slopes, with the goal of early
warning to replace costly and complicated mitigation measures at locations along
linear infrastructure. This will be further developed as a pilot project with user
partners (above).



Improving the use of thresholds in early warning by applying machine learning
techniques and assess the influence of rare but important extreme events.



Identification of needs and deficiencies in landslide risk management in Norway,
and establishment of a framework for local (municipal) management of climate
related risks, including landslides and multi-hazards.

Klima2050 activities have led to several spin-off projects. Among these is the large EUH2020 innovation action 'PHUSICOS', on nature-based solutions (NBS) also presented at
the Interpraevent 2021.
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Conclusion
This poster presentation provides only a brief overview of the present status of Klima2050,
and some of the main results. More details are however provided by other posters presented
at the conference.

Figure 1. Data flow chart for the LaRiMiT web-based mitigation tool.
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Introduction
The two primary types of avalanche mitigation structures are those constructed in the
release zones to provide support for snow masses (e.g. snow bridges, rakes and nets) and
those that act as interception or deflection structures in the run-out and deposition zones.
In the last years the idea of using a flexible interception system to shorten the run-out zone
arose as a lightweight, space saving and economic alternative. The so-called Snowcatcher
with its specific Lambda-Frame was developed and 2018 installed in an avalanche path in
the Stubai Valley in Austria to investigate its performance and functionality.

Test site
The installed Snowcatcher is equipped with load measuring pins in the hinges of two
Lambda-Frames which record normal and slope parallel forces. Additionally load
measuring shackles account for the dynamic forces within the structure during an avalanche
event. Two cameras observe the interaction between structure and avalanche from a frontal
and lateral perspective.

Figur 1 Test site overview with avalanche path (left) and location of force sensors (right)
1
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Events of the winter 2018/19

Figur 2 A sequence of photos taken during a powder avalanche event on 2019-01-13

In the winter 2018/19 several avalanches occurred and interacted with the Snowcatcher.
Two main events happened: on 2019-01-13 14:42 a powder avalanche with a front speed
of 25 – 30 m/s and on 2019-01-14 4:34 (whereby unfortunately no footage from the
cameras is available because of the darkness).

Figur 3 The test site after the avalanche event from 2019-01-14

Results and outlook
The interaction of a powder avalanche (destructive size 2 according to CAA (2014)) on
2019-01-13 with the Snowcatcher led to maximal rope forces of 33 kN and to maximal
compression forces of 63 kN in the measuring pins in the base plates of the Lambda Frames.
The second avalanche event on 19-01-14 represents a destructive size 3 avalanche. This
event led to remarkable higher forces in the structure. One side stabilisation rope broke
probably due to a debris impact at a peak load of 190 kN. Further six brake elements were
permanently strained. The maximal force at the base plates of the Lambda-Frame was
recorded in pin #4. The compression force reached a value of 298 kN.
Generally the Snowcatcher persisted well in the first avalanche winter 2018/19. For the
winter 2019/20 it is intended to set-up a radar system in order to get detailed velocity data
of the avalanches events. The authors look forward to present results of the winter
2019/2020 with recent insights induced by the new radar system.
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Introduction
One of the precipitation-runoff (P/R-)models in frequent use in Austria is known by the
acronym ZEMOKOST (e.g. Kohl et al. 2014, https://bfw.ac.at/cms_stamm/050/PDF/
Bedienungsanleitung_ZEMOKOST_V2_0.pdf). It has been developed since the 1990s by
WLV (Austrian Federal Service in Torrent and Avalanche Control) and BFW (Federal
Research and Training Centre for Forests, Natural Hazards and Landscape), for design
flood estimation in alpine catchments. A code of practice for practitioners has been written
by Markart et al. (2014). Peak runoff is well predicted by this model, but this is not always
true for secondary peaks. It was concluded that subsurface flow was not sufficiently
accounted for. Consequently, a method of using geological data in P/R-models was
developed, and a pilot study of the Eastern Tyrol conducted, by H. Pirkl (2016). The
method is based on a qualitative classification of contributing areas, including type, depth,
and relative impact of subsurface flow. In the current project HYGENOT, we extend this
approach to the entire Northern Tyrol of Austria, and want to improve on it by considering
flow systems and quantifying their contribution.

Methods
Two kinds of information were required: (1) the temporary and perennial stream network;
(2) the contributing areas in all catchments, classified according to hydro-geological
properties.
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(1) The stream network, for the most part, has first been calculated in SAGA GIS (Flow
Accumulation - Channel Network method), then manually modified. Springs are mapped
extensively, and used for separating temporary and perennial stream lines.
(2) Runoff type mapping basically distinguishes between the 7 classes of Pirkl (2016);
some have subdivisions according to extent, fracturing, karstification, and storage
capacity. Types are delineated on top of the DEM (1m terrain model; hillshade and
topographic openness overlays for emphasis of bedrock and structural features), while
additional information is derived from topographic and geological maps (1:50.000), incl.
a special report on the Northern Calcareous Alps (NCA) by the Austrian Geological
Survey, ortho-images, digital inventories (landslides, glaciers, rock glaciers, springs,
lakes), case studies (e.g. MSc theses), and localized field work.
Given the size and complexity of the area, an efficient workflow had to be set up in order
to complete the study in reasonable time. In a first step, all relevant information from
maps, inventories, etc., was transformed directly into generalized subsurface flow types
(e.g. landslides = predominantly deep-seated). Available geological maps typically
differentiate bedrock rather than softrock, so the map from the first step required a major
overhaul, which has to be done manually for each catchment.
Groundwater flow in typical slope sections is calculated using SEEP/W (Geoslope), as a
plausibility check on subsurface flow routing speeds; and finally the entire workflow is
tested in a sub-catchment of the Ötz valley.

Results and discussion
Pilot tests in the Eastern Tyrol have shown that the manually mapped stream network is
too sparse. In comparison, our semi-automatic method, despite all the editing, leads to a
more consistent network of high density. It is important to include the temporary streams,
which appear above the spring lines following extreme precipitation.
All of the Northern Tyrol has been mapped (example Figure 1). Pirkl’s (2016)
classification turned out to be readily usable in all areas where crystalline rocks
predominate, while sub-classes had to be added for the NCA. The descriptive parts were
refined by hydro-geological information and mapping criteria. First attempts at
implementing subsurface flow in ZEMOKOST indicate a sizable but plausible impact on
the results. A detailed description of the workflow is planned to make the method
available for other regions and operators.
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Figure 1: Example of mapped subsurface flow types in the Northern Tyrol. a) Subsurface flow types in
the Ötz valley (ca. 900 km²). b) Detail on top of hillshade image. Colors represent different subsurface
flow types.
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Introduction
A national consortium is currently working towards developing a national course on
geohazards in Norway. The course will give an introduction to various types of geohazards,
their potential consequences, and what can be done to prevent natural disasters. The target
group will be advanced BSc and early MSc students. During the course, students will learn
about the geological and physical processes driving geohazards, how society is affected by
and can cope with geohazards, and the mitigation measures that can be implemented to
prevent disasters. Students will develop an understanding of the link between nature and
society, and how this link affects the potential consequences of an event. The course will
be taught for the first time during the autumn semester 2020 at the universities of Bergen,
Oslo and Tromsø.

Methods
The course will focus on student-active learning and will be taught through a series of
thematical “teaching packages” to be developed by the leading research environments for
each theme. Most of the teaching will take place in a “flipped classroom”, where students
familiarize themselves with the theoretical basis before class, and teaching time is spent on
discussion and group activities. Preparatory materials will consist of textbook chapters,
relevant research papers or web sites, and short educational videos. Class activities can
include structured discussions or work on cases in smaller groups. The main aim of these
sessions is to develop the analytical skills of the students and a deeper understanding of the
driving factors for geohazard disasters.
The “teaching packages” will be supplemented by practical exercises where students will
develop more practical skills. Such exercises may include, e.g., work on spatial data in a
GIS system or simple calculation of landslide-runout.
In order to develop a hands-on experience with geohazards in the local environment, the
course will include an excursion where students can observe various geohazards and
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mitigation measures in the field (Figure 1). Here, students will also be trained in identifying
previous or potential geohazards in the field.
The course will be evaluated through a course portfolio, where students will develop a
series of products to be jointly evaluated. Portfolio elements may include posters describing
small student-research projects, individual term papers or group reports.

Figure 1. Students from University of Bergen visiting Jølster after the intense rainfall event on 31. July
2019, causing several large landslides. Students from the UiB course GEOV217 – Geohazards visited
Jølster in September, guided by staff from NVE.

Results and discussion
Developing a national course on geohazards makes it possible for us to link geohazards
education in Norway directly to potential employers of students, by involving these groups
in the teaching. We expect to be able to provide teaching materials of higher quality, since
topical experts will be responsible for the teaching materials in each topic. We also expect
the course to facilitate better networking among both students and teachers at a national
scale.
The teaching will be performed locally at the individual institutions, for logistical reasons.
However, if funding allows, it is highly desirable to establish an annual gathering for
students in the course, for example to present small research projects developed as part of
the course work.

Conclusion
A new, national university course on geohazards will be taught at the universities of
Bergen, Oslo and Trondheim from the autumn semester 2020. The course will give a broad
introduction to geohazards, their consequences and potential mitigation measures. It will
be taught using student-active methods and evaluated based on a course portfolio. The
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course will contribute to training a new generation of geoscientists with the necessary skills
to tackle future societal challenges in a changing climate.
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Introduction
The Drau River is intensively used for hydroelectric power production. In Austria, within
a river length of 132 km 10 hydroelectric power plants were constructed. Each of them is
generally located at the head of the reservoir of the next hydroelectric power plant
downstream (power plant chain). Close to the Austrian-Slovenian border, the city of
Lavamünd is located at the estuary of the tributary Lavant River into the Drau River. The
current technical flood protection measures protect the city centre, which is surrounded by
these two rivers, from flood events with a return period between 5 to 10 years (HQ5 to
HQ10).
In 2012, a flood event flooded the city centre of Lavamünd. In 2018 a further flood event
occurred. This time, a close cooperation between the local government, the state agencies
and the power plant operator was established and prevented further damage in Lavamünd.

Methods
In this case example, the spatial focus is on the flood protection measures for the city of
Lavamünd. In 2012, the weir operating regulation of the power plant chain at the Drau
River didn’t envisage a lowering of the water level in the reservoirs based on a flood
forecast. Due to the fast rise of the flood flow and to ensure the facility safety, the power
plant operator had to quickly lower the water level in the reservoirs at the same time as the
peak discharge emerged. The natural flood flow of this event therefore grew from a return
period of about 30 years to a return period of about 100 years.
The analysis of the flood consequences led to a considerable improvement of the weir
operating regulations. From that time on an operating of the power plants without effects
on the flood flow is ensured. A further reduction of the peak discharge through an event1
2

DI, Amt der Kärntner Landesregierung, Austria,
Dr., Amt der Kärntner Landesregierung, Austria, (reinhold.totschnig@ktn.gv.at)

-1.
INTERPRAEVENT 2021 – EXTENDED ABSTRACTS

| 359

based flood management within the reservoirs is actually not the duty of the power plant
operator. Immediately after the flood event in 2012, detailed planning of flood protection
measures for Lavamünd started. The project focused on both the possibilities for technical
protection measures and the possibilities and limitations for flood retention within the
power plant chain. The analyses showed that an event-based flood management within the
reservoirs could reduce the discharge of frequent to mean floods.
In 2018 the construction of technical flood protection measures in Lavamünd has started.
The power plant operator is involved. Due to the complexity and the volume of the
construction works, the full operational capability of the technical flood protection
measures will be given in a couple of years. Two weeks after the construction works started,
the power plant operator published the first forecast of a rare flood event (with a return
period of about 100 years) five days before the event. The corresponding flood event was
part of the storm event Vaia (German) / Adrian (French) at the end of October 2018. The
city council of Lavamünd requested assistance of the state agencies for the coordination of
the disaster operations. Two days later, three days before the event, the crisis committee
convened. At this point, all forecasts were stable in their prediction of a rare flood event at
the Drau River within the next three days. The power plant operator was of course
involved into the decision-making process. Based on the predicted discharge value of
2,400 m3/s (approx. HQ70), the crisis committee expected the Drau River to overflow
the wall on the riverbank in Lavamünd by 0,8 m, followed by a severe flooding of
the city centre. Therefore, different possibilities of temporary flood protection
measures were discussed, such as a temporary elevation of the wall on the riverbank
with mobile elements, an immediate discharge of the reservoirs based on the actual
forecast or to wait until a more precise forecast is available.
Due to the tight time frame, as it needs time to discharge the reservoirs, and the necessary
coordination with the power plant operator in Slovenia, it was decided to immediately start
the maximum discharge of the reservoirs of the power plant chain, regardless the
uncertainty in the actual forecast. Due to the applied procedure no flooding occurred in
Lavamünd as well as no damages downstream were reported. The peak flow was
reduced from estimated 2,050 m3/s by approx. 450 m3/s down to 1,600 m3/s. The
reduction of the peak discharge was also effective for the downstream areas in Slovenia.
The power plant operator lowered the water level in its reservoirs partly more than
actually covered in its weir operating regulations. Therefore, the power plant operator
requested for each ordered, alternative plant management procedure a preliminary
injunction from the responsible state agency. The applied procedure never endangered the
safety of the plant components of the power plant chain, as older weir operating
regulations already envisaged such deeper drawdown levels.
During the phase of reservoir refilling while the peak discharge emerges, the measurements
of discharge and precipitation upstream in connection with the actual forecast were used to
regulate the discharge intensity and the flood retention capacity of the power plants.
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Results and discussion
A situationally adjusted flood management of a power plant chain can reduce the peak
discharge. More precise analyses of the relationship between volume and water level for
different flow rates are now required to evaluate the remaining potential for a further
attenuation of the peak flow. The effectiveness of the presented procedure depends on the
ratio between the theoretically available retention volume in the reservoirs and the amount
of water of the considered flood wave. In the presented case example, the amount of water
of rare floods, especially design events (HQ100), exceeds the potential retention volume in
the reservoirs.
The reliability and the point in time of the forecast is of course essential for an appropriate
and effective flood management. In case the lead-time is too short to effectively discharge
the reservoirs, the risk of increasing the damage due to uncontrolled drawdown and
producing an artificial flood downstream is considerably high.
Apart from the lead-time and the ratio of the volumes, the following influencing factors
have to be considered in the decision-making process:
•

Discharge capacity downstream

•
The facility safety has to be ensured (e.g. altered static load of the weir, driftwood
blocking the weir gates, landslides due to a fast lowering of the water level).
•

Consequences for shipping and harbour facilities in the reservoirs

•

Effects on the generation of energy of the power plant operator

•

Effects on the aquatic ecology (e.g. shallow water areas might fall dry)

•
Security concerns due to the accessibility to areas of the reservoirs, which fall dry
(e.g. aircraft bombs, ammunition, weapons of past wars)

Conclusions
The presented case example can serve as a starting point for further research to be done
and for discussions on the role of hydroelectric power plants in flood management.
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Introduction
Japan is very prone to sediment-related disasters. In recent years, climate change has
intensified natural phenomena; large-scale sediment-related disasters (such as that caused
by heavy rain in July 2018) are becoming more common (Fig. 1). Sabo works (efforts to
improve erosion and sediment control) have been ongoing for centuries in Japan. Many
Sabo facilities, such as masonry check dams, were constructed more than 50 years ago. To
avoid sediment-related disasters, it is very important not only to construct new facilities but
also to maintain and prolong the functions and performance of these existing Sabo facilities
adequately.
To this end, the Erosion and Sediment Control Department of the Ministry of Land,
Infrastructure, Transport and Tourism (MLIT) has ordered all Sabo offices of Japan to
develop plans prolonging the lifespan of Sabo facilities. The Erosion and Sediment Control
Department of the MLIT has delivered manuals to all Sabo offices. The manuals, entitled
"Planning Manual for Maintaining and Prolonging the Lifespan of Sabo Facilities" and
"Inspection Procedure Manual for Sabo Facilities" are aimed at helping facility managers
investigate the soundness of existing facilities and plan lifespan-prolonging maintenance;
all Sabo facilities are currently maintained and managed in line with these plans. To support
these efforts, our organization has been studying methods for evaluating the soundness of
Sabo facilities and measures for prolonging the lifespan of Sabo facilities based on its own
research and analysis.
In March 2019, the manuals mentioned above were revised; the concept of "life cycle cost
(LCC) reduction" was introduced. Also, initiatives to prevent damage to old masonry Sabo
facilities caused by sediment-related disasters commenced. Here, we introduce to reduce
the LCCs of Sabo facilities and to show example to repair/reinforce existing masonry Sabo
structures.
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Initiatives for appropriate future maintenance of
existing SABO facilities
1) Revisions of the Manuals
Reduction of life cycle costs (LCCs) is essential for future maintenance of Japanese Sabo
facilities. Therefore, in March 2019, the Ministry ordered Sabo officers to revise their
prolonging plan for lifespan of Sabo facilities, and to consider reducing LCC and levelling
their annual budget for maintenance of existing Sabo facilities (Fig. 2).
2) Repair and reinforcement of old masonry Sabo facilities.
Many old masonry Sabo facilities were damaged in recent disasters. In response, Ministry
ordered the facility manager to consider the repair and reinforcement of old masonry Sabo
facilities (Fig.3).
In addition, a budget system was established in FY2019 to subsidize part of the
maintenance costs necessary to achieve.

Figure 1: Image of reducing LCCs and leveling annual budget for maintenance.
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Conclusion
Today, the environment surrounding Japan's Sabo works has changed remarkably. To
maintain and improve the safety of the region in the future, it is essential to take appropriate
measures to extend the life of exiting Sabo facilities.
Many old Sabo facilities is still functioning as active disaster prevention facilities. We think
that the essential points in the maintenance of existing Sabo facilities are as follows; to
preserve the functions and performance required for disaster prevention facilities, to widely
communicate the role of Sabo facilities, to examine utilization measures as regional
vitalization resources, and to examine maintenance management in cooperation with the
region.
Our organization will continue to maintain and manage existing Sabo facilities, including
Sabo facilities built in the older ages, utilizing the knowledge and technology accumulated
in previous efforts and new research results.
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Introduction
Landslides pose a serious risk to people and infrastructure worldwide. Globally, more than
55’000 fatalities were reported between 2004 and 2016. In Switzerland, 74 people were
killed by landslides in the period of 1946 – 2015 (Badoux et al. 2016), and total damage
costs of 520 million Euros were estimated for 1972 – 2007 (Hilker et al., 2009).
Regional Landslide early warning systems (LEWS) are cost-efficient and effective
elements of integral risk management to alert people at risk and to move them to safety
(Stähli et al. 2015). Several operational LEWS exist around the world. Many of them are
based on triggering threshold models which empirically relate the occurrence of landslides
to rainfall intensity and duration (Guzzetti et al. 2008). While rainfall measurements are
available in increasing spatial resolution, using rainfall thresholds and rainfall-based
indices for regional LEWS bears specific limitations. A few studies have shown that false
and missed alarms could be significantly reduced if direct measurements of soil wetness,
catchment storage or groundwater levels would be additionally included in LEWS.
Here we present a comprehensive analysis of the added value of soil moisture
measurements for a regional LEWS in Switzerland.

Data
For this analysis, a comprehensive data base of all long-term soil water content
measurements available for the period 2008-2018 in Switzerland was compiled. In total,
this amounts to 35 sites and 284 soil moisture sensors.
In addition, we extracted a subset of 452 landslides recorded between 2008 and 2018 from
the Swiss flood and landslide damage database (Hilker et al., 2009), which is based on
event descriptions in newspaper and magazine articles. Deep-seated and human induced
landslides were removed.
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Analysis methodology
First, a quality control scheme was applied to the soil water content dataset. The time series
were further homogenized to hourly values and by calculating the effective soil moisture
content for each sensor. The sensors were then grouped by site to ensembles of sensors,
and the mean time series were calculated. Individual infiltration events were identified,
delimited and characterized by specific event properties. Finally, the infiltration events
were classified as “landslide triggering” or “non-triggering” based on the simultaneous
occurrence or non-occurrence of landslides within a specified distance from the site
(“forecast distance”).
The landslide triggering classification was then modelled by fitting a logistic regression
function to the infiltration event properties. Further, a 5-fold cross validation scheme was
applied. Finally, the ability of the model to separate landslide triggering from nontriggering infiltration events was evaluated using receiver operating characteristic (ROC)
analysis.

Results
The statistical analysis revealed that soil moisture time series contain specific information
that can be used to identify the occurrence of landslides. The forecast goodness is highest
for small forecast distances and decreases continuously with increasing distance. The
advantage of considering larger forecast distances is the increasing number of landslide
events in a training data set, and thus a more robust threshold.
Antecedent saturation at the onset of an infiltration event and the change in saturation
during the storm event were found to yield the highest predictive power. Both event
properties are positively correlated with the occurrence of landslide events. The analysis of
different ensembles of sensors showed that the model performance can be improved by
considering shallow sensors (< 30 cm depth) only, or a set of three sensors per site at
different depths.
Finally, we found that subdividing the soil moisture data set according to soil texture or
geographic regions further improved the forecast goodness. While the training error could
be reduced with the grouping of the data set, the validation error partially increased due to
the smaller number of landslide events.

Conclusion
For the first time, a comprehensive data set of long-term measurements of soil water
content in Switzerland was compiled and compared to the occurrence of landslide events.
It could be demonstrated that the time series yield specific information about the occurrence
of landslide events, particularly for short forecast distances.
The network of available soil moisture measurements in Switzerland is heterogeneous, not
very dense and mainly used for drought monitoring. We suggest that a soil-moisture based
regional LEWS has a significant potential to alert people, but require some investment in
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additional soil moisture measurements geared towards the wet range and well-distributed
near the hotspots of landslides.

References
Badoux, A., Andres, N., Techel, F., Hegg, C. (2016). Natural hazard fatalities in
Switzerland from 1946 to 2015. Natural Hazards and Earth System Science 16 (12):
2747-2768.
Guzzetti, F., Peruccacci, S., Rossi, M., Stark, C.P. (2008). The rainfall intensity-duration
control of shallow landslides and debris flows: an update. Landslides 5 (1): 3-17.
Hilker, N., Badoux, A., Hegg, C. (2009). The Swiss flood and landslide damage database
1972-2007. Natural Hazards and Earth System Science 9 (3): 913-925.
Stähli, M., Sättele, M., Huggel, C., McArdell, B.W., et al. (2015). Monitoring and
prediction in early warning systems for rapid mass movements. Natural Hazards and
Earth System Science 15 (4): 905-917.

-3.
INTERPRAEVENT 2021 – EXTENDED ABSTRACTS

| 367

