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INTRODUCTION

PREFACE CONFERENCE PROCEEDINGS

Global warming and its massive impact on natural disasters is one
of the main challenges of our era. Extreme weather events and
associated natural disasters are increasing both in alpine regions and
generally globally. Traditional concepts of hazard prevention and
disaster management need to be evaluated because climate change

requires sustainable adaptation processes of the protection system.

The international conference INTERPRAEVENT 2024 addresses this
topic: “Natural hazards in a changing climate — How to manage
risks under global warming?” and takes place for the first time in
Vienna. The conference connects science and practice and provides
a platform for the exchange of experiences and possible solutions.
The outstanding conference program is divided into six thematic
sessions, with new natural hazard processes such as forest fires also

being intensively discussed at the conference:

Climate Change: Drivers, Triggers and Consequences

Risk Governance, Policies and Resilience

From Observations and Experiments to Modelling and Simulations
Hazard and Risk Assessment

Structural and Non-Structural Mitigation Measures

S e

Emergency Management and Recovery

238 papers with 19 papers for the Student Award were submitted for
INTERPRAEVENT 2024. The majority of submissions came from the
host country Austria with around 44%, followed by Switzerland with
around 16%, Japan with around 10% and Germany with around 7%.
Further submissions came from Australia, Canada, Czech Republic,

France, Italy, Korea, Norway, Slovakia, Slovenia, Sweden and Taiwan.

All submissions were double peer reviewed and over 211 papers

were accepted. The Scientific and Technical Advisory Board of

INTERPRAEVENT selected 46 inspiring and trailblazing papers for
oral presentations and 151 papers are presented as innovative and
exciting posters. At this IP 2024 conference, lectures and posters
are presented both physically in the conference rooms and are also

offered to participants virtually via streaming.

In order to ensure that the extensive knowledge of the conference
is long-lasting, all presented papers (oral and poster) have been

compiled in this conference proceedings.

INTERPRAEVENT likes to thanks all authors, reviewers and the
Designstudio Kopfsache for their valuable contribution, without
whom this conference proceedings would not have been possible.
Special mention should be made of the perfect work of the editors
and co-editors, members of the the INTERPRAEVENT Science
and Technology Advisory Board (STAB), who made a smooth and
excellent review process possible. Their names are listed on the
next page. Finally, we would like to express our sincere thanks to
the local organizing team (LOC), whose persistent work contributed
to the success of this volume and the conference. They are also

mentioned by name on the next page.

We hope you enjoy reading and thank you for your contribution and

your participation at INTERPRAEVENT 2024.

Yours sincerely,

Editor in chief,

Josef Schneider
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CONTENT

SESSION A:
Climate Change:
Drivers, Triggers and Consequences

The session “Climate Change: Drivers, Triggers and Consequenc-  and magnitude, with a particular focus on new insights gained from

es” explores the link between modern, man-made climate change  high spatiotemporal modelling or datasets highlighting the effects

and its global-to-local impacts on natural hazards and risks such as  of climate change at different timescales. The session aims to bring

floods, debris flows, landslides, snow avalanches and forest fires.  together, amongst others, the atmospheric sciences and natural dis-

This session focuses on the impacts of changing atmospheric condi-  aster communities.

tions on the triggering of natural hazard processes, their frequency

A FRAMEWORK FOR LONG-TERM LANDSLIDE MONITORING EXPLORED AT THREE PERMANENT LANDSLIDE OBSERVATO-
RIES IN LOWER AUSTRIA

A MULTI-STEP FRAMEWORK FOR THE QUANTIFICATION OF CLIMATE CHANGE IMPACTS ON LARGE SCALE AVALANCHE
RISK

AIR TEMPERATURE AND PRECIPITATION SCENARIOS IN SLOVAKIA UNTIL THE END OF THE 21ST CENTURY ACCORDING
TO THE MPI CLIMATE MODEL

ASSESSMENT OF TRIGGERING CONDITIONS FOR DEBRIS FLOW EVENTS IN AUSTRIA BETWEEN 2012 AND 2023

CCAMM — A RESEARCH PROGRAM FOR STUDYING THE IMPACTS OF CLIMATE CHANGE ON MASS MOVEMENTS IN ALPINE
REGIONS

CLIMATE CHANGE IMPACT ON GRAVITATIONAL MASS FLOW OCCURRENCE IN THE ISLAND OF ISCHIA

DESIGN AND INSTALLATION OF A MULTI SENSOR IN-SITU ROCK SLOPE LABORATORY IN HIGH-ALPINE TERRAIN

EFFECTS OF CHANGING HYDROLOGICAL BOUNDARY CONDITIONS ON THE DESIGN OF FLOOD PROTECTION MEASURES
USING THE EXAMPLE OF A TYROLEAN VALLEY

EFFECTS OF CLIMATE CHANGE ON SEDIMENT DISASTERES IN JAPAN

ESTABLISHING CHARACTERISTIC HAZARD TRIGGER PATTERNS FOR IMPACT EVENT OCCURRENCE

EVALUATION OF RADAR-BASED HEAVY RAINFALL HAZARD IN GERMANY FOR ASSESSING THE IMPACT OF EXTREME PRE-
CIPITATION EVENTS

HIGH ALPINE ROCKFALL INVENTORIES ON LOCAL AND REGIONAL SCALE FOR A BETTER UNDERSTANDING OF CLIMATE
CHANGE INDUCED SLOPE INSTABILITIES

INFLUENCE OF PROCESSES LIKE FROST WEATHERING AND HEAVY PRECIPITATION ON THE SEDIMENT REGIME IN THE
HIGH ALPINE CATCHMENT OF GLATZBACH, AUSTRIA

INTEGRATION OF CLIMATE CHANGE PROJECTIONS INTO DEBRIS FLOW HAZARD PLANNING: EXPERIENCES FROM THE
TOVERINO RIVER BASIN, SOUTH TYROL, ITALY

LOCAL CLIMATE CHANGE IMPACTS - NEW INSIGHTS FOR SALZBURG BASED ON HIGH RESOLUTION CLIMATE SIMULA-
TIONS AND DAMAGE ASSESSMENT

MANAGING ALPINE TORRENTS UNDER THE INFLUENCE OF CLIMATE CHANGE: PREVENTION AND PROTECTION STRATE-
GIES WITHIN THE ‘PRO GEWASSER 2030’ PROGAM.

OBSERVED SPATIO-TEMPORAL VARIABILITY OF EXTREME PRECIPITATION IN TRENTINO —
SOUTH TYROL (EASTERN ITALIAN ALPS)

ON THE CHALLENGES OF ASSESSING TRENDS IN TORRENTIAL FLOODING

PAST AND FUTURE CRITICAL RAINFALL FOR TORRENT PROCESSES IN AUSTRIA
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CONTENT

PERMAFROST THAW AND ITS EFFECTS ON THE OCCURRENCE OF NATURAL HAZARDS: THREE LONG-TERM CASE STUDIES
FROM THE HOHE TAUERN RANGE

PREDICTING THE CHANGE OF LANDSLIDE DAMAGED AREA CONSIDERING CLIMATE CHANGE SCENARIOS IN THE CASE
OF THE REPUBLIC OF KOREA

SIMULATING THE NOVEMBER 2021 ATMOSPHERIC RIVER EVENT IN THE COLDWATER RIVER WATERSHED, BRITISH CO-

2 SEDIMENT PROCESSES AND THEIR CONSEQUENCES OF A 100-YEAR FLOOD EVENT
3 LUMBIA, CANADA

4 SPEI DROUGHT INDEX AND SPECIFICS OF ITS CALCULATION
SUPPORTING THE MANAGEMENT OF PROTECTION FORESTS IN A CHANGING CLIMATE

UNDERSTANDING FLOW TRANSITIONS IN MULTI-COMPONENT AVALANCHES
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CONTENT

SESSION B:
Risk Governance, Policies and Resilience

The session is dedicated to the prevailing policy and governance
issues in risk management from a strategic and operative perspec-
tive. In the light of vertiginously proceeding global changes a strong
safety and risk culture seizes hold of the society and stimulates the
demand for new approaches and models to govern and treat risks

of natural catastrophes. Risk governance aims at the strengthening

of societal resilience and fosters regional stakeholder cooperation in
coping with residual risks when governmental structures and man-
agement tools reach its limits (or even fail). The submitted contribu-
tions will open up new vistas to a vivid evolution of good practice
in risk governance and give a comprehensive overview of the most

important policy topics.

BIOSPERE RESERVES IN RISK GOVERNANCE FOR ENCOURAGING THE IMPLEMENTATION OF NATURE-BASED SOLUTIONS

CLIMATE CHANGE ADAPTATION IN THE ALPINE TERRITORIES: RISK PERCEPTION, OBSTACLES AND

ADAPTATION STRATEGIES

CLIMATE RISK MANAGEMENT AT THE LOCAL LEVEL: EXPERIENCES FROM LONGYEARBYEN

DEALING WITH CLIMATE CHANGE IN THE FIELD OF GRAVITATIONAL NATURAL HAZARDS IN SWITZERLAND

“GUIDE TO AN ACCEPTED RISK” (RAR)

IMPROVING AWARENESS OF FLASH-FLOOD RISKS BY SIMULATING DISASTERS THROUGH MIXED REALITY TOOLS

MIND THE STRATEGY-PRACTICE GAP. OPPORTUNITIES AND BARRIERS TO EFFECTIVE RISK DIALOGUE

MORTALITY RATES FOR FATALITIES FROM GRAVITATIONAL NATURAL HAZARDS AND HEATWAVES -

UPDATED BASE DATA

NATURAL HAZARDS DEMONSTRATION MODEL “WASSERERLEBNIS OBLARN®

PRECAUTIONARY CHECK ON NATURAL HAZARDS IN CLIMATE CHANGE — INSIGHTS OF THREE YEARS OF AWARENESS

RAISING IN STYRIA

PROPOSAL FOR EFFICIENT MANAGEMENT OF SEDIMENT-RELATED DISASTER WARNING AREAS USING DIGITAL TECH-
NOLOGY ACCORDING TO REGIONAL CHARACTERISTICS

REMOTE MONITORING OF FLEXIBLE PROTECTION SYSTEMS

RESILIENCE TO FLOOD DISASTERS THROUGH ADAPTED SPATIAL PLANNING AND LAND USE MANAGEMENT

“SCHUTZ VOR NATURGEFAHREN” — A COLLABORATIVE INITIATIVE TO ENHANCE RISK AWARENESS AND RESILIENCE IN

SWITZERLAND

SUPPORT FOR THE PERSONS REQUIRING ASSISTANCE DURING EVACUATIONS CONCERNING THE SEDIMENT DISASTER

THE FRENCH TERRITORIAL STRATEGY FOR THE PREVENTION OF MOUNTAIN RISKS (STEPRIM). AN INTEGRATED METH-
ODOLOGICAL FRAMEWORK FOR OPERATIONAL IMPLEMENTATION.

THE IDENTIFICATION OF FORESTED AREAS PRONE TO EROSION IN THE CATCHMENTS OF TORRENTS IN SLOVENIA

THE PROTECTIVE FOREST HUB - A COOPERATION TO STRENGTHEN THE IMPORTANCE OF THE PROTECTIVE FOREST

IN AUSTRIA

THE ROLE OF VULNERABLE GROUPS IN AUSTRIAN EMERGENCY AND CONTINGENCY PLANS

CONFERENCE PROCEEDINGS | INTERPRAEVENT 2024 7
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H?[] TOWARDS AN ASSESSMENT OF THE ECONOMIC BENEFITS OF PROTECTIVE FORESTS
TRANSDISCIPLINARY APPROACHES FOR IMPROVING RISK GOVERNANCE TOWARDS MORE RESILIENT
MOUNTAIN SOCIETIES

H?? WALDATLAS - THE GEODATA PLATFORM FOR THE FOREST, NATURAL HAZARDS AND BIODIVERSITY
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CONTENT

SESSION C:
From Observations and Experiments to Modelling
and Simulations

This session is devoted to natural hazards and particularly gravita-
tional mass flows that potentially interact with, and therefore endan-
ger human assets. How far the natural hazard process propagates
and how destructive it is are important questions for predicting such
hazards and their damage potential. Observations, modelling and

simulations are also used for forecasting and mitigating natural haz-

ards. Contributions may include, but are not limited to, modelling
& simulation approaches as well as observations & experiments on
different scales. Particular emphasis is given to the interconnection
and feedback between computational and experimental efforts in

research, development and operational application.

A DEEP-SEATED GRAVITATIONAL SLOPE DEFORMATION AFFECTING A HIGHWAY BRIDGE: FROM LONG-TERM MONI-

TORING TOWARDS A GEOMECHANICAL MODEL

A NEW DX APPROACH of LANDSCAPE USING SLAM TECHNOLOGY in KAMIKOCHI NATIONAL PARK, JAPAN

ABOUT THE APPLICATION OF MACROSCALE HYDROLOGY AND HYDRAULICS SIMULATIONS IN SMALL CATCHMENTS

ADOPTED RAINFALL-RUNOFF CALCULATION IN TORRENTIAL CATCHMENTS - INSIGHTS FOR THE DESIGN PRACTICE

ADVANCED MODELLING OF SHALLOW LANDSLIDE SUSCEPTIBILITY FOR LIECHTENSTEIN

ADVANCEMENTS IN GIS-BASED VISUALIZATION AND ANALYSIS OF 3D DEPTH-RESOLVED MPM SIMULATIONS OF ALPINE

MASS MOVEMENTS

AN EXCEPTIONAL DEBRIS FLOW IN A STEEP TALUS SLOPE

ANALYSING THE INFLUENCE OF WOODY DEBRIS ON DEBRIS-FLOW IMPACT FORCES ON BRIDGE SUPERSTRUCTURES

ANALYSIS AND EVALUATION OF BEDLOAD MANAGEMENT MEASURES USING THE NUMERICAL MODELS TOMSED AND

FLO2D AT TEUCHLBACH

ANALYSIS OF A LARGE DEBRIS FLOW EVENT IN HORLACHTAL, TYROL

APPLYING THE PHYSICAL WILDFIRE SPREAD MODEL PHYFIRE TO SOUTHERN AND CENTRAL EUROPE

ASSESSING THE IMPACT OF GRAVITATIONAL MASS MOVEMENTS ON ALPINE INFRASTRUCTURE MANAGEMENT

THROUGH EARTH OBSERVATION

BEDLOAD DEPOSITION AND DELAYED REMOBILISATION

BEDLOAD TRANSPORT EFFECT ON FLOOD RISK IN THE SAVA DOLINKA RIVER BASIN

BLIND PREDICTION OF THE BRIENZ ROCK AVALANCHE RUNOUT USING A 3D MATERIAL POINT METHOD

CALIBRATING A SIMPLE PREDICTIVE EROSIVE DEBRIS-FLOW MODEL FOR THE NORTHERN CALCAREOUS ALPS

CENTRIFUGE MODEL TESTS FOR THE INFLUENCE OF TREE ROOTS ON SLOPE STABILITY DURING RAINFALL

CLASSIFICATION OF AVALANCHE TERRAIN: AN OPEN-SOURCE MODEL CHAIN
FOR THE AVALANCHE TERRAIN EXPOSURE SCALES

CULVERTS FOR DRAINING TORRENT-SYSTEMS DURING FLASH FLOODS —
CURRENT STATE AND IDEAS FOR IMPROVEMENTS

CONFERENCE PROCEEDINGS | INTERPRAEVENT 2024 9



CONTENT SESSION C:

From Observations and Experiments to Modelling
and Simulations

ESTIMATION OF PEAK DISCHARGES FOR DEBRIS FLOWS BASED ON QUANTILE REGRESSION

EVALUATION OF THROW-DISTANCE APPROACHES FOR THE HYDRAULIC DESIGN OF TORRENT BARRIERS
WITH MONITORING DATA AND 3D-NUMERICAL MODELLING RESULTS

EXPERIMENTAL STUDY OF THE VARIABILITY OF SEDIMENT TRANSPORT PROCESSES UNDER OUTBURST FLOOD CONDI-
TIONS IN MOUNTAIN STREAMS

FLUIDIZATION OF THE KURUMIZAWA LANDSLIDE IN NIIGATA PREFECTURE, JAPAN IN MARCH 2021

FOUNDATIONS FOR ROCKFALL PROTECTION NETS: NEW ASPECTS FOR DESIGN AND DIMENSIONING

HYDRAULIC MODELING OF DEBRIS FLOWS FOR THE MURENBACH (REUTTE, AUSTRIA)

INTEGRATIVE MONITORED BEDLOAD TRANSPORT YIELD IN DIFFERENT CATCHMENT AREAS IN AUSTRIA

INVESTIGATING THE IMPACT OF VEGETATION ON SLOPE EROSION IN RESPONSE TO CLIMATE CHANGE-INDUCED
CHALLENGES IN FLOOD CONTROL SAFETY

LABORATORY EXPERIMENTS ON EFFECTS OF DIFFERENT GROYNE DESIGNS ON BED AND BANK STABILITY
IN A TORRENT

LANDSCAPE EVOLUTION MODEL: CONTRIBUTING TO A BETTER UNDERSTANDING OF MOUNTAIN HAZARDS
INTERACTIONS AND ADDRESSING RISK MANAGEMENT OPTIONS IN COUPLED HUMAN-LANDSCAPE SYSTEMS

LANDSLIDE DISPLACEMENT AND ROTATION MONITORING BASED ON PERIODICAL DGNSS MEASUREMENTS AND A
COMBINED LOW-COST RTK DGNSS AND MEMS ACCELEROMETER

LAYERED SLIDES, SLOW FLOWS, AND VIRTUAL REALITY: RECENT ENHANCEMENTS OF THE r.avaflow MASS
FLOW SIMULATION TOOL

LONG-TERM RECORDS OF INTEGRATIVE MEASURED BEDLOAD DATA AS A MEANS OF EVAULATING THE PERFORMANCE
OF TRANSPORT EQUATIONS: CASE STUDY URSLAU

MEANINGFUL BLOCK SIZES FOR ROCK FALL MODELLING FROM SYNTHETIC ROCK MASS MODELS

MECHANISM OF COLLAPSE DETERRENT EFFECT BY BAMBOO’S RHIZOME

MODELING OF HILLSLOPE DEBRIS FLOWS AND DEBRIS FLOWS ALONG THE ENTIRE RAILWAY NETWORK OF GERMANY

MODELLING OF SLOW-MOVING LANDSLIDES TRIGGERED BY RAINFALL

MONITORING AND SIMULATIONS OF ICE AVALANCHES FROM THE PLANPINCIEUX GLACIER (AOSTA VALLEY —
MONT BLANC MASSIF)

NOVEMBER 2019 LANDSLIDES IN THE GASTEIN VALLEY, AUSTRIA: AN EXAMANITION OF INFLUENCING FACTORS

NUMERICAL ANALYSIS OF GROUNDWATER VARIATION WITHIN THE LANDSLIDE DAM BREACHING EXPERIMENT

PATH TO WILDFIRE RESILIENCE: AVDANCED MODELING FOR FIRE DANGER RISK ALONG RAILWAY INFRASTRUCTURE

PLANNING OF CONTROL MEASURES USING WATER QUALITIES AND EVALUATION OF THEIR EFFECTS IN A LARGE-SCALE
LANDSLIDE AREA

PREDICTING THE SNOW AVALANCHE WARNING LEVEL ON A 1km GRID

CONFERENCE PROCEEDINGS | INTERPRAEVENT 2024 10



CONTENT SESSION C:

From Observations and Experiments to Modelling
and Simulations

ROCK-AVALANCHE FLUCHTHORN: BACK-CALCULATION OF THE EVENT WITH THE OPEN SOURCE MODEL AVAFRAME

SCALABILITY INVESTIGATION OF PHYSICAL DEBRIS FLOW EXPERIMENTS USING A MODEL SERIES

SCENARIO BUILDING AND RUNOUT MODELLING FOR DEBRIS-FLOWS HAZARDS IN PRO- AND PERIGLACIAL CATCH-
MENTS: APPLICATION OF A MULTI-METHODS APPROACH

SMALL-SCALE STUDY OF DEBRIS-FLOW INTERACTIONS WITH A LATERAL DEBRIS BASIN AND CROSSINGS:
THE MANIVAL TORRENT CASE STUDY

SPATIO-TEMPORAL ANALYSIS OF SLOPE DEFORMATIONS TO ESTABLISH AN EFFECTIVE LONG-TERM MONITORING
OF A SLOW-MOVING LANDSLIDE

THE AVAFRAME DIGITIAL TOOLBOX FOR AVALANCHES AS A COMPONENT OF NATURAL HAZARD RISK ASSESSMENT

THE NEW OPERATIONAL BEDLOAD MONITORING STATION IN THE SULDEN/SOLDA RIVER (SOUTH TYROL, ITALY):
INNOVATIVE ASPECTS AND PRELIMINARY OBSERVATIONS

TORRENT PROCESSES AND CURVE SUPERELEVATION - APPROACHES IN PRACTICE FOR HAZARD ZONE AND PROJECT
PLANNING IN ALPINE CATCHMENTS IN AUSTRIA

TOWARDS OBSERVATORY FOR ROCKFALLS IN SLOVENIA

USE OF MULTISENSOR LIDAR/RGB UAS IN RESTORATION MONITORING OF PROTECTIVE FORESTS

USING AN ARTIFICIAL INTELLIGENCE MODEL TO DEVELOP A REAL-TIME PREDICTION TECHNOLOGY FOR LANDSLIDES

WITHIN THE WAVE PATTERN OF THREE NATURAL DEBRIS FLOWS

OPTIMISING FRICTION PARAMETERS FOR AVALANCHE SIMULATIONS IN INNERALPINE HIGH MOUNTAIN VALLEYS
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CONTENT

This session invites to submit contributions on innovative technolo-  contingency maps). Particularly welcome are studies on vulnerabil-
gies and methodologies (tools & methods) dedicated to the assess- ity assessment of humans, built environment and the environment,
ment of all natural risks covered by the conference, including anal-  especially considering known and unknown uncertainties, as well

yses of their effectiveness: well-documented case studies with their  as their qualitative and quantitative analyses; and risk consequences

focus on practical field implementation and lessons learned (i.e.,  in general.

A BENEFIT-COST APPROACH TO NATURAL HAZARD RISK IS BROUGHT TO YOUR GIS

A CONCEPT FOR ANTICIPATING FUTURE ALPINE HAZARDS AND RISKS RELATED TO EXTREME PRECIPITATION EVENTS
IN THE GARMISCH-PARTENKIRCHEN REGION

A NEW POST-EVENT APPROACH TO DETERMINE WOODY DEBRIS VOLUMES IN TORRENTIAL CATCHMENTS

A SEMI-QUANTITATIVE METHOD FOR ASSESSMENT OF CASCADING LANDSLIDE HAZARDS IN SWEDEN

A STANDARDIZED ASSESSMENT OF THE SPATIAL AND TEMPORAL VARIABILITY OF FLOOD EVENTS IN TYROL OVER THE
LAST DECADE

ADVANCING DATA MANAGEMENT IN MOUNTAIN HAZARD RESEARCH: STRATEGIES FOR ENSURING DATA QUALITY AND
ENHANCING MODELING CAPABILITIES

ALPINE CONFLUENCE MORPHODYNAMICS UNDER INTENSE SEDIMENT LOADS AND GEOMETRIC MODIFICATIONS

AN EXPERIMENTAL MEASUREMENT OF EROSION AND RUNOFF AFTER A WILDFIRE IN A FRENCH MEDITERRANEAN
WATERSHED

ANALYSIS OF DISASTER RISK ASSESSMENT SURVEYS IN BRAZIL BASED ON LITERATURE REVIEW

ANALYSIS OF THE MULTIPLE LANDSLIDE EVENTS TRIGGERED BY THE HANS STORM IN OTTADALEN
(EASTERN NORWAY)

BACK ANALYSIS OF THE EXTREME 1957 EVENTS IN THE UPPER ISERE VALLEY (FRENCH ALPS) USING FLOW-R: LESSONS
LEARNED FOR FUTURE DEBRIS FLOW AND DEBRIS FLOOD SUSCEPTIBILITY MAPPING

IMATE IMPACT ANALYSIS — APPLICATION EXAMPLE ON HILLSLOPE DEBRIS FLOWS AND DEBRIS FLOWS ALONG THE
GERMAN RAILWAY NETWORK

COUPLED 1D SEWER - 2D HYDRODYNAMIC NUMERICAL SIMULATIONS OF PLUVIAL AND FLUVIAL FLOODS ON SMALL-
ER WATERCOURSES IN URBAN CATCHMENT AREAS TO SUPPORT FLOOD RISK MANAGEMENT

DESIGNATING AREAS WITH DEBRIS FLOW POTENTIALS AS SECONDARY EVACUATION ZONES ANTICIPATING MASSIVE
ASH FALLOUT FROM A LARGE VOLCANIC ERUPTION

DIGITAL TRANSFORMATION OF SKI RESORTS AND COMMUNITY AVALANCHE SERVICES - OPERATIONAL EXAMPLES
FROM SWITZERLAND

DYNAMIC HAZARD ASSESSMENT METHOD OF MASS MOVEMENTS IN CONSTANTLY CHANGING ALPINE ENVIRONMENTS

ESTIMATION OF POTENTIAL SNOW AVALANCHE HAZARD PROBABILITY IN AREAS BELOW PROTECTIVE FORESTS IN
AUSTRIA

FLOOD ON THE STREAM "AFRITZER- UND TREFFNER BACH”, JUNE 29, 2022. PROCESSING IN THE CONTEXT OF FLOOD
RISK MANAGEMENT, SEDIMENT MANAGEMENT AND ECOLOGY

HAZARD SUSCEPTIBILITY ASSESSMENT OF DEBRIS-FLOW PROCESSES FOR ALPINE CATCHMENTS IN AUSTRIA

{ o I e IR e S wn— R e R es—" R ws— R s— R wn— R en— R e—" I wn— N en— R w— N wn— R n— R wn— A en— R w—
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CONTENT

SESSION D:
Hazard and Risk Assessment

HYDROBOD UPPER AUSTRIA, GENERATION OF AREA-WIDE HYDROLOGIC SOIL PARAMETERS

INDICATIONS OF MEMORY EFFECTS ON THE OCCURRENCE OF DEBRIS FLOW EVENTS IN ALPINE HEADWATER CATCH-
MENTS

INTEGRATING SOCIAL AND PSYCHOLOGICAL FACTORS IN COST-BENEFIT ANALYSIS FOR FLOOD RISK MANAGEMENT

INVESTIGATING THE EFEECT OF SLOPE TOPOGRAPHY ON LANDSLIDE DEPTH USING AIRBORNE LASER SURVEY DATA

LANDSLIDES DURING EXTREME WEATHER EVENT “HANS” IN EASTERN NORWAY — EVALUATION OF HAZARD ZONES

LONG-TERM MONITORING OF THE ROCK SLOPE DEFORMATION GRADENBACH-EGGERBERG AND REVISED ENGINEER-
ING GEOLOGICAL ASSESSMENT

MITIGATION MEASURES FOR DEBRIS-FLOW HAZARDS AT THE RITIGRABEN CATCHMENT — AN INTEGRATED APPROACH
TO RISK MANAGEMENT

MONITORING OF ROCK SLOPE DEFORMATIONS USING FEATURE TO FEATURE SUPER VOXEL-BASED SPATIAL SMOOTH-
ING AND IMAGE CORRELATION

NATIONAL MULTI-RISK ANALYSIS FOR NATURAL HAZARDS IN NORWAY

ON THE IDENTIFICATION OF SLOPES SUSCEPTIBLE TO GLIDE SNOW AVALANCHES BY DEVELOPING A REGIONAL
SPATIAL SNOW GLIDE MODEL

OVERTOPPING FAILURE OF THE LONG-EXISTING LANDSLIDE DAMS UNDER HEAVY PRECIPITATION AND ITS
CONCEQUENTIAL HAZARDS

PERSISTENCE TABLE AS AN EFFICENT INSTRUMENT TO FORECAST AND TO MANAGE EXTREME NATURAL EVENTS IN
THE JOINT INFORMATION PLATFORM FOR NATURAL HAZARDS (GIN)

POST-WILDFIRE DEBRIS-FLOW ASSESSMENT METHODOLOGY IN BRITISH COLUMBIA, CANADA

PRELIMINARY LANDSLIDE RISK ASSESSMENT: A GLIMPSE IN HAZARD PROBABILITY IN NW CZECH REPUBLIC

PROBABILISTIC EVENT-BASED ROCKFALL MODELLING FOR DERIVING CONTINUOUS INTENSITY-FREQUENCY CURVES
IN THE IMPACT AREA

PROPOSAL FOR A NUMERICAL METHOD TO ASSESS THE RISK OF TOTAL DESTRUCTION AND LOSS OF HOUSES DUE TO
SEDIMENT-LADEN FLOOD.

QUANTIFYING FLOOD RISK UNDER UNCERTAINTIES — OVERVIEW OF A PROBABILISTIC ASSESSMENT APPROACH FOR
THE BAVARIAN DANUBE

QUANTITATIVE ASSESSMENT OF LANDSLIDE RISK IN IVEY LAKE SUBDIVISION, PEMBERTON, BRITISH COLUMBIA

RAINFALL-INDUCED LANDSLIDE TYPES DURING THE RAINSTORM IN AUGUST 2023, IN CARINTHIA (AUSTRIA)

RISK ACCEPTANCE CRITERIA FOR GRAVITY MASS FLOWS IN NORWAY — ARE WE ON THE RIGHT LEVEL?

STORM ALEX — LESSONS LEARNT FROM THE DEBRIS FLOODS THAT OCCURRED ON OCTOBER 2nd 2020
IN THE FRENCH MARITIME ALPS

SURROGATE BEDLOAD MEASUREMENTS IN MOUNTAIN RIVERS: SYSTEM COMPARISON, UNCERTAINTY,
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A FRAMEWORK FOR LONG-TERM LANDSLIDE MONITORING EXPLORED AT
THREE PERMANENT LANDSLIDE OBSERVATORIES IN LOWER AUSTRIA

Philipp Marr, University of Vi : Universitat Wien; Vi , AUSTRIA
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ABSTRACT

In mountainous regions, landslides constitute one of the most prominent natural hazards globally. Besides determining location and di-
mensions, it is also of crucial importance for comprehensive assessments to determine their spatio-temporal dynamics. Related activity is
commonly assessed by continuous landslide monitoring. This contribution focusses on three landslide observatories in Lower Austria, op-
erated by the ENGAGE working group at the University of Vienna. These long-term monitoring sites are equipped with a variety of surface
and underground monitoring devices, to better understand their interaction between different components (e.g., rainfall) and consequently,
to delineate the underlying landslide dynamics. The obtained data are useful to better understand surface and subsurface structures, spa-
tio-temporal changes of a variety of parameters and consequently slope stability. Ultimately, the knowledge of these interactions provides

the basis for future early warning systems.

INTRODUCTION

The complexity and non-uniform spatial and temporal kinematics of slow-moving landslides make it impractical to rely on short-term meas-
ures for assessing landslide processes (Lacroix et al. 2020). Hence, integrating existing historical data with long-term, multi-parameter mon-
itoring approaches becomes crucial for evaluating and mitigating potential landslide hazards (Li et al. 2021). Landslides, triggered primarily
by intense precipitation events leading to changes in pore-water pressure and subsequent slope failure, are prevalent and rank among the
most frequent natural hazards in Lower Austria. The region, situated in a complex geological transition zone with different units, particularly
the Flyschzone, is susceptible to shallow and deep-seated landslides as well as debris flows due to e.g., high clay content and advanced
lithological weathering (Stumvoll et al. 2021). Controlling factors, influencing landslide failure modes, runout distances, and deposition,
play a crucial role in determining potential risks (Glade & Dikau 2001). Additionally, anthropogenic influences such as slope modifications,
drainage and land-use changes further complicate the situation (Promper et al. 2014). Over the past decades, landslides have caused damage
to essential infrastructure (e.g., roads), agricultural land, and buildings (Promper et al. 2015).

In response, the Landslide Monitoring Observatories Lower Austria, comprising three subsites in Hofermiihle, Salcher and Brandstatt, were
established in 2014 by the Geomorphological Systems and Risk Research (ENGAGE) working group of the Department of Geography and
Regional Research at the University of Vienna. Since then, all three systems are operational and continuously expanded since then (see Fig.1
and Marr et al. 2023 for an overview). Especially during irregular activity phases, it is necessary to generate particularly long-term measure-
ment series to effectively correlate surface and subsurface movement changes with preconditioning, triggering, and controlling factors (Cro-
zier, 1986). The three subsites exhibit different environmental characteristics. They feature various landslide types (e.g., earth slide-earth flow
and debris flow - Hofermtihle; earth slide-earth flow - Gresten; deep-seated, complex landslide - Brandstatt) and are embedded in diverse
socioeconomic contexts (residential area - Gresten; pasture, critical infrastructure - Hofermiihle; farmland, critical infrastructure - Brandstatt).
The analysis of correlations between landslide activities and external influencing factors such as precipitation is particularly important in
Austria, especially in the context of climate change and the expected increase in extreme events (Glade et al. 2020). This knowledge is es-

sential for identifying potentially hazardous areas, implementing targeted measures, and assessing risks to the population and infrastructure.
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MANAGING ALPINE TORRENTS UNDER THE INFLUENCE OF
CLIMATE CHANGE: PREVENTION AND PROTECTION STRAT-
EGIES WITHIN THE ‘PRO GEWASSER 2030° PROGAM.

« BAEK T [] [:[] NTE NT Wasserwirtschaftsamt Traunsteillal‘;ag::\iliakrti: EI!::WI\A’I:&

ABSTRACT

A comprehensive analysis of the interplay between climate change dynamics and the management of alpine torrents carried out by the
Bavarian Authorities is given. The recorded and projected temperature shifts alongside the observed changes in precipitation patterns come
with implications for the region’s hydrological regime and particularly the occurrence and intensity of flooding events. To address these
challenges and build a resilient framework, the Bavarian Authorities have adopted a flood damage prevention and a protection strategy.
While the flood damage prevention strategies, including the identification of floodplain areas, do not directly account for climate change,
the protection strategies attempt to incorporate its anticipated impact. When dimensioning flood protection measures currently a climate
change factor of 15 % is added to the flood discharge. Finally, the determination of the floodplain area of the Bergbach catchment in Ber-

chtesgaden is exemplarily presented.

INTRODUCTION

The European Alps, including the Bavarian Alps are among the most densely populated mountainous areas globally. Settlements, tourism
and economic activities are predominantly concentrated in the geographically confined valley floors, which lie within the sphere of in-
fluence of alpine torrents. Alpine flash floods, recognized as devastating natural disasters in mountainous areas, pose a significant threat.
The convergence of high population density with the hazardous potential of these torrents underscores the urgent need for effective flood
mitigation and preparedness measures to protect both residents and the local infrastructure.

Climate change has added a layer of complexity to the management of alpine torrents. Rising temperatures and changing precipitation
patterns influence the frequency and intensity of flash flood events (LfU, 2021). This includes the changes in runoff as well as the potential
mobilized bed load. The expected changes due to climate change pose significant challenges in the management of alpine torrents. Ad-
dressing these challenges demands a proactive and adaptive approach to management, with the “PRO Gewisser 2030” program playing an

important role for Bavarian authorities.

CLIMATE TRENDS IN THE BAVARIAN ALPS

The subsequent chapter offers a short review of observed and projected climate changes for the Bavarian climatic region “Alps” (LfU, 2021).
Discussed effects of global warming include the changes in temperature and precipitation patterns. The underlying climate projections for
Bavaria can be found in LfU (2022a). The Representative Concentration Pathway (RCP) scenarios are used to model future greenhouse gas
concentrations, driving climate change. RCP2.6 represents a stringent mitigation scenario, while RCP8.5 assumes high greenhouse gas emis-

sions and no climate change policies (IPCC, 2014).

TEMPERATURE CHANGES

Since the mid-20th century, a temperature rise by approximately 1.5 °C has been registered in the Bavarian Alps. Depending on the climate
protection measures taken, scenarios show temperature increases ranging from about +1.1°C to 4.1°C expected by 2085 (Figure 1). Summer
days (maximum air temperature > 25°C) are projected to see a substantial increase of +13 up to +33 days, while ice days (max. air temper-

ature < 0°C) are anticipated to decline significantly (-10 to -30 days) in the Bavarian Alps (LfU, 2021).
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PERMAFROST THAW AND ITS EFFECTS ON THE OCCURRENCE OF
NATURAL HAZARDS: THREE LONG-TERM CASE STUDIES FROM THE
HOHE TAUERN RANGE

Ingo Hartmeyer, Dr.; GEORESEARCH Forschungsgesellschaft mbH;

« BACKTO CONTENT Puch bei Hallein, AUSTRIA

Markus Keuschnig; Michael Krautblatter; Jan-Christoph Otto; Gerald Valentin

ABSTRACT

Despite heavy attention towards climate change and its impacts on high-alpine regions the quantitative understanding of permafrost degra-
dation and its effects on the occurrence of natural hazards has remained surprisingly limited. Here we present a summary of decade-long
research activities focusing on warming-related changes in high-alpine permafrost environments in the Hohe Tauern Range (Salzburg, Aus-
tria). We introduce long-term monitoring data from the Odenwinkel, Sattelkar and Kitzsteinhorn, the latter of which represents one of only
two sites in Austria with direct permafrost temperature monitoring. We show recent how permafrost thaw modifies spatiotemporal hazard

patterns and contributes to significantly increased rockfall activity, soil subsidence and creep, and large-scale slope movement.

INTRODUCTION

The European Alps are strongly affected by recent climate warming. Since the late 19th century warming in the Alps has more than dou-
bled the global mean temperature rise (Begert & Frei 2018). As a result, the high-alpine cryosphere ranks among the most heavily affected
geomorphological process domains. The most visible and well-documented changes refer to the significant recession of glaciers in the Alps
and other mountain regions around the globe. Changes related to the warming or thaw of permanent ground ice (permafrost) are less
visible and usually much more complicated to monitor. Long-term time series on permafrost-related changes has therefore remained scarce
and monitoring efforts have remained restricted to relatively few sites. Here we address this gap by presenting a synopsis of more than a
decade of permafrost-related research in three high-alpine study sites in the Hohe Tauern Range and show how permafrost thaw causes an

increased occurrence of natural hazards.

METHODS & STUDY SITES

In this contribution we present long-term monitoring results from three different permafrost-affected study sites in the Hohe Tauern Range
that have been investigated with a wide range of methods. Study site A is located in the summit region of the Kitzsteinhorn (Glockner-
gruppe) and hosts a long-term geoscientific monitoring of atmospheric, surface, and subsurface conditions that investigates climate change
impacts on rock stability in high-alpine environments. Borehole measurements to monitor bedrock temperature, deformation (inclinometer)
and pore water pressure (piezometer) represent the core of the monitoring. Further subsurface measurements include rock anchor load
cells to monitor rock contraction/expansion and geoelectrical measurements to record water flow in fractures. Surface change detection
at the Kitzsteinhorn is based on tiltmeter and crackmeter measurements, as well as extensive remote sensing surveys which include UAV
photogrammetry, terrestrial LIDAR and satellited-based InSAR.

Study site B (Sattelkar, Obersulzbach valley) is a high-alpine cirque occupied by large volumes of sediment including a former rock gla-
cier, which have been incorporated into a large landslide. In recent years, large debris flows were triggered from the Sattelkar, which have
caused significant damage to downstream infrastructure (railway, roads, water lines) and thus pose a serious safety risk. Surface change
detection at the Sattelkar site was performed with UAV-based high-resolution photogrammetry. In addition, a fully automatic webcam and a
passive seismic monitoring system was installed to characterize mass wasting activity. Ground thermal conditions were recorded based on
near-surface temperature measurements at 0.1 m depth. The thickness of the slide was constrained with ERT (electrical resistivity) and GPR
(ground-penetrating radar) measurements.

Results from study site C (Odenwinkel, Stubach valley) are based on airborne and terrestrial LIDAR surveys. From 2008-2019 the rockwalls
next to the Odenwinkelkees were scanned to identify rockfall source areas. The studied rockwalls are primarily north- and west-facing and
consist of schists and gneissic rocks. The rockwalls have an average height of about 500 m and a surface area of around 2 mio. m? while
spanning an elevation range between 2400 and 3500 m a.s.l.. The adjacent Odenwinkelkees has retreated significantly and since 1850 lost

approximately 40 % of its area and 75 % of its volume.
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BIOSPERE RESERVES IN RISK GOVERNANCE FOR ENCOURAGING THE
IMPLEMENTATION OF NATURE-BASED SOLUTIONS

Thomas Thaler, Ph.D.;

University of Natural Resources and Life Sciences Vienna,

( BA[:K T[] [:[] NT[NT International Institute for Applied Systems Analysis, Laxenburg, AUSTRIA
Veronika Gaube; Claudine-Caroline Egger; Peter Fichtinger; Wolfgang Pfefferkorn

ABSTRACT

The paper focuses on the management of multiple hydro-climatic risks in Biosphere Reserves. Biosphere Reserves are highly affected by
extreme weather events, but surprisingly play no role in their management. The paper focuses on the governance of multiple hydro-cli-
matic risks to improve the social-ecological resilience of Biosphere Reserves. Achieving this goal will require changes in risk governance
structures, where Biosphere Reserves can be seen as “real laboratories” in this context. The paper conducted qualitative semi-structured
interviews within seven Biosphere Reserves in the D-A-CH region. The paper shows the potential role of BRs for the implementation of
Nature-based Solutions; to deliver practical results and guidelines for the day-to-day risk management in the involved Biosphere Reserves,

which will be directly used by the involved Biosphere Reserves.

INTRODUCTION

The paper focuses on the holistic governance and management of multiple hydro-climatic risks to improve the social-ecological resilience of
Biosphere Reserves. We understand resilience as “the capacities of people, places, and infrastructure to not only to cope with hazards, but
also the longer-term adjustment and learning processes to adapt to future threats” (Fuchs & Thaler 2018, p. 3). In order to achieve the goal
of resilience the multi-level governance aspects in hydro-climatic risk management need to be included. In addition, the role of multi-level
governance is evident in all phases of climate risk management (CRM), including risk mitigation, preparedness, response and recovery
(Thaler et al. 2023). In particular, Biosphere Reserves are affected by various types of natural hazards, but are surprisingly excluded from
the ‘classical’ risk management system. Biosphere Reserves need to adapt to extreme hydro-climatic events. This requires innovative risk
governance concepts to create innovative solutions in terms of Nature-based Solutions to improve biodiversity and individual well-being as
well as reducing the risks of hydro-metrological events. We define Nature-based Solutions as “working with and enhancing nature to help
address societal challenges. They encompass a wide range of actions, such as the protection and management of natural and semi-natural
ecosystems, the incorporation of green and blue infrastructure in urban areas, and the application of ecosystem-based principles to agricul-

tural systems” (Seddon et al. 2020, p. 2).

METHODS
Seven Biosphere Reserves are involved in this presented project, mainly Wienerwald, Unteres Murtal, Salzburger Lungau, Kirntner Nock-
berge and Grofdes Walsertal in Austria, Schwarzwald in Germany and Biosphere Reserve Val Mistair in Switzerland (Fig. 1). In particular,

most involved BPs are located in peripheral spaces, which are often particularly vulnerable to climate change.

Deutschland
BP Wienerwald

BP Schwarzwald

Osterreich

BP Salzburger
Lungau

BP Kérntner BP Unteres

Schweiz ‘Nockberge Murtal

BP Val Mustair

200 km

Fig 1. Localisation of the five Austrian Biosphere Reserves, Engiadina Val Mistair (CH) and Schwarzwald (D)
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CLIMATE CHANGE ADAPTATION IN THE ALPINE TERRITORIES: RISK
PERCEPTION, OBSTACLES AND ADAPTATION STRATEGIES

{ BAEK m [:[] NTENT Ivo Baselt, Dr.; University of the Bundeswehr Munich; Neubiberg, GERMANY

ABSTRACT

Climate change-induced extreme events and natural hazards present growing risks to the Alpine region. Climate change affects risk percep-
tions, awareness, and behaviour, thereby influencing public responses to hazards. Effective risk management is essential to reduce damages
during extreme events, but challenges in public risk perception persist. This article presents the initial findings of the AdaptNow project,
which seeks to enhance adaptive capacity through climate adaptation and risk mitigation tools. Overcoming barriers to adaptation requires
addressing risk perception, public awareness, and the lack of skilled personnel. To achieve this, it is recommended to have data-based dis-
cussions, participatory decision-making, and improved communication. The Alpine region urgently needs to address complex risk factors
in a multidisciplinary way. Territories should intensify efforts to adapt to climate change, emphasising active stakeholder involvement and

cautious public engagement.

INTRODUCTION

Extreme events and natural hazards have always been a part of life in the Alpine region. The people and their possessions are inherently
exposed to risk from geological, hydrological, and meteorological hazards. These hazards include river floods, torrents, rockfalls, avalanch-
es, heavy rain, landslides, heatwaves, forest fires, and storms. In 2014, the IPCC (Field, 2014) confirmed that certain areas of the Alps are
already experiencing altered meteorological conditions, which are affecting local communities. There is increasing evidence to suggest that
temperatures are rising more rapidly at higher elevations. This leads to faster changes in mountain ecosystems and their hydrological systems
(Baselt, 2021; Schneiderbauer, 2021). It also affects low-lying areas that rely on the processes occurring in the alpine catchment in various
ways. The ARG Synthesis Report on Climate Change 2023 confirms that certain ecosystems, including mountain areas, are approaching irre-
versibility in terms of the impacts of climate change.

Although public risk management measures aim to prevent hazards up to a certain level of design and reduce the impact of extreme events
beyond that level, it is important for the population and stakeholders to participate in taking their own precautions. However, successful
implementation of protective measures and effective response during extreme events requires enhanced awareness and sensitization to
natural hazards in the future. Therefore, it is crucial to maintain objectivity and avoid subjective evaluations when discussing climate change.
It is important to note that 'climate' refers to the average weather and its fluctuations over a 30-year period, expressed statistically in terms
of the mean and variability of relevant variables. Detecting changes in climate conditions can be challenging due to the subjective nature
of individual experience. However, society is already experiencing the consequences of climate change and related natural disasters and

must prepare for future events.

RISK PERCEPTION IN A CHANGING CLIMATE

Risk perception is the intuitive evaluation of risks carried out by individuals and groups when presented with uncertain and restricted data.
It can manifest in various ways, including awareness, concern, and preparedness (Raaijmakers, 2008). When individuals have a specific un-
derstanding of a particular threat, their risk perception is their personal interpretation of the level of risk associated with the perceived object.
Risk awareness and risk perception are two distinct concepts. Risk awareness refers to the level of acknowledgement regarding potential
hazards, such as those associated with climate change. On the other hand, risk perception concerns the subjective evaluation of these risks
(Lechowska, 2018). It is important to note that increased risk awareness and perception have been identified as factors that promote public
support for management policies and the adoption of precautionary measures for disaster reduction.

Dominicis et al. (2015) argue that risk perception is influenced by environmental and psychological processes. The impact of extreme
weather conditions caused by climate change raises questions about the public's response to modifying risk and resulting behaviour during
a hazard event from a social-psychological perspective. Individuals are generally more willing to act against a hazard when they perceive a
greater risk. Currently, scholars acknowledge the importance of examining the social, political, and cultural contexts in which risk is inter-
twined. They also recognize the connections between individuals, their risk perceptions, and the specific locations where they encounter
risk (Cardwell and Elliott, 2019).

Besides the public's individual perception of risk, the risk governance approach focuses on the effective cooperation of different stake-
holders in dealing with natural hazards and the consequences of climate change. The risk governance approach aims to achieve a shared

risk agenda through diverse protection options and their implementation by stakeholders. In the context of risk governance, it is crucial
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TOWARDS AN ASSESSMENT OF THE ECONOMIC BENEFITS OF
PROTECTIVE FORESTS

F Sinabell; WIFO; Vi , AUSTRIA
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ABSTRACT

The protective function of forests is facing increasing threats. At the same time, demand for the services provided by them increased. We
present preliminary results of the ongoing interdisciplinary research project to assess the economic benefits of protective forests. Within
this project, so-called potentially protected areas were modelled by the Austrian Research Centre for Forests. Forests with a (direct) ob-
ject-protective function are based on the map of “Protective forest cover in Austria”. The occurrence probability of potential hazards such as
rockfalls, landslides, and avalanches was estimated, as well. These maps facilitate the identification of potentially protected economic assets
such as infrastructure, houses, and workplaces. This information enables us to make an assessment of the economic benefits protective for-

ests provide. In follow-up analyses, this will enable us to design cost-effective measures to maintain protective services of forests in Austria.

INTRODUCTION

In Austria, the imperative for the formulation of a distinct action programme for protective forests (BMNT, 2019) arose from two significant
developments. The protective efficacy of these forests faces growing threats associated with climate change, encompassing challenges such
as bark beetle infestations, forest fires, intensified storm events, and deficiencies in game management in some regions. Simultaneously, the
demand for services rendered by protective forests has surged in parallel with the expansion of both the economy and the population. The
action program aims to ensure that by the mid-century, protective forests are climate-resilient and stable, providing sustainable protection
against natural hazards, and are economically viable. In 2019 the Austrian federal government decided to invest in research and the devel-
opment of planning tools, to support cross-sector policy coordination, to streamline administrative procedures for forest owners, to align

funding policies for protective forests, and to raise awareness about natural hazards and protective forests in Austria.

This research endeavours to present the findings of an ongoing comprehensive interdisciplinary initiative aimed at elucidating the means to
assess the economic benefits derived from protective forests. Within the ongoing research project OKO-SCHU-WA (BML, 2023a), so-called
potentially protected areas (PPAs) were modelled by the Austrian Research Centre for Forests (BFW). PPAs are areas that are potentially
protected by forests with a (direct) object-protective function according to the map of “Protective forest cover in Austria” (Starsich and Perzl,
2022). A data-based runout model for gravitational mass flows was used to model PPAs for the natural hazard processes rockfall, shallow
landslides and snow avalanches to provide estimates for the hazard occurrence probability in these areas (Perzl et al., submitted). These
model results are used in combination with other geospatial maps on topography, urban zones and infrastructure to assess the economic

benefits of forests with (direct) object-protective function.

To achieve this, a series of maps has been meticulously crafted, leveraging geospatial data pertaining to topography, urban zones, and
infrastructure, as well as the occurrence probability of potential hazards such as rockfall, snow avalanches, and shallow landslides. These
maps facilitate the identification of vulnerable assets, including residences and key infrastructure, sheltered by the protective umbrella of
these forests. Subsequently, this information empowers us to furnish estimations of the economic advantages conferred by protective forests.
The monetary valuation of benefits of eco-system services of forests is an elusive challenge in economics (Kumar, 2012). Such valuations
are useful in the context of supporting decisions of policy makers who need to make assessments of costs and benefits of public goods
provision. There are various ways to evaluate the benefits of eco-system services, among them willingness to pay estimates or estimates of
losses avoided. Each of these approaches has advantages but as for a starting point, there needs to be a well-founded and empirically valid
descriptions of the current status. In the remainder of the text we use the term “potentially protected areas” which should be understood as
areas which benefit from protective capacities provided by forests. The benefit is a smaller exposure to certain risks compared to a situation

where forests would not be in place.

The map “Protective forest cover in Austria” (Starsich and Perzl, 2022) is publicly available and shows the location of forests with (direct)
object-protective function (BML, 2023b). However, the beneficiaries of these protective eco-system services have not been identified so far.
In our paper we focus on persons and man-made objects that are potentially protected by forests against specific hazards such as rockfall,
shallow landslides and snow avalanches. How to attain this information and ways to assess the economic benefits is presented in the fol-

lowing sections. For the sake of brevity, we report only results on persons, objects that are potentially protected against shallow landslides.
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A DEEP-SEATED GRAVITATIONAL SLOPE DEFORMATION AFFECTING
A HIGHWAY BRIDGE: FROM LONG-TERM MONITORING TOWARDS A
GEOMECHANICAL MODEL

« BACKTO CONTENT

ABSTRACT

Detailed investigations of deep-seated gravitational slope deformations (DSGSDs) are of particular importance where system-relevant infra-
structure is involved. This study presents a geological-geophysical characterisation and long-term monitoring of the Padauner Berg DSGSD,
which affects a motorway bridge located at the Brenner Pass near the Austrian-Italian border. Inclinometer measurements, geodetic surveys
and InSAR data indicate that the DSGSD creeps at circa 10 mm/year along several shear planes with seasonal variation in velocity. The
InSAR derived velocity changes correlate only partly with changes in inclinometer deformation rates most likely explained by the complex

internal structure of the DSGSD.

INTRODUCTION

Deep seated gravitational slope deformations (DSGSD) are widespread in the European Alps (Crosta et al. 2013) and our knowledge on their
future behaviour due to changing climate conditions is limited. Detailed research on parameters accelerating a DSGSD is especially required
when human settlements or system-relevant infrastructure are affected (e.g. Pfeiffer et al., 2021; Zangerl et al., 2010).

In this study, we present the results of long-term monitoring and detailed geological observations of a DSGSD affecting the abutment of
a motorway bridge (Lueg Bridge) at the Brenner pass near the Austrian-Italian border. The so called Padauner Berg DSGSD originates in
densely foliated calcareous schists and calcareous phyllites (“Biindnerschiefer”, Venediger Nappe System), dipping towards the Northwest.
The DSGSD developed from a catastrophic rock slope failure between 6,200 — 6,500 calibrated years before present (Ostermann & Sanders,
2017), which dammed a backwater lake, the Lake Brenner (Shafieiganjeh et al., 2022).

The Lueg Bridge itself was built in 1966-1969 and measures 1.804 m in length. Already then, the civil engineers were aware of the creep
deformation of the slope a the Padaunerberg towards the valley and thus installed a special foundation at the bridge’s southern abutment,

which is capable of compensating the DSGSD’s movement (Stratowa & Vilanek, 1972).

o
Geology 7/ Wolfendom nappe —romal fautt "\ DSGSD (Padauner Berg)
1y talus deposits 7% steinach nappe ——— nappe boundary ——— watercourse
" quartemary deposits (undift.) 7777 Biindnerschiefer unit, Matreier-& Nordrahmen-zone  =r=r- 5carp 0 250 500 m
7/ Modereck nappe —  fault (ungir) [ Lueg bridge )
[ motorway

Figure 1. Simplified geological-geomorphological map of the Padauner Berg region (modified after Rockenschaub & Nowotny, 2009).
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A NEW DX APPROACH OF LANDSCAPE USING SLAM TECHNOLOGY
IN KAMIKOCHI NATIONAL PARK, JAPAN
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ABSTRACT

Kamikochi, one of Japan's leading mountain tourist destinations, is designated as a Special Place of Scenic Beauty, a Special Natural Mon-
ument, and a Special Protection Area.In designing Sabo facilities in the Kamisenjosawa stream, which has a high risk of debris flows, we
conducted a landscape study using handheld Lidar SLAM (Simultaneous Localization and Mapping).

The colour point cloud data obtained from the SLAM measurements with the CIM model of the planned Sabo facilities, we were able to
confirm the landscape after the Sabo works were completed from various viewpoints, such as along the prefectural road and the Kamisen-
josawa stream, etc. Furthermore, the data could be effectively used to identify the impact on the landscape caused by the cutting of trees,
and obstacles (trees, power lines, etc.) for the Sabo works.

Through these studies, we were able to confirm that this technology is provides the planning basis for the siteeffective for efficient construc-

tion and reducing the impact on the environment and landscape.

INTRODUCTION

Kamikochi is one of Japan's major mountain tourist attractions, visited by more than 1 million people each year. Kamikochi was designated
as a Special Place of Scenic Beauty and a Special Natural Monument in 1952 under the Law for Protection of Cultural Properties. It was also
designated as a Special Protection Area in Chubu-Sangaku National Park (designated in 1934). When changing nature through Sabo works,
it is necessary to obtain prior approval from the relevant agencies (Agency for Cultural Affairs, Ministry of Environment, etc.) by explaining
in detail the impact of the works and changes in the environment and landscape. Rigorous evaluations will be conducted by academic
committee members from various fields, in order to ensure minimal impact on the environment and landscape. Therefore, it is important
to visualize the landscape during construction and after completion of the works, and also important to evaluate the impact and changes
while the design phase of Sabo facilities.

Until now, landscape studies have been conducted mainly by means of illustrations and photomontages, but they have been limited to
images of the landscape from specific viewpoints. Although aircraft and UAVs are commonly used to measure ground data on slopes and
streams, it is difficult to obtain detailed information on the riverbed and forested areas of streams that are mostly covered with trees, such
as the watershed in this study.

In this study, we attempted to study landscapes using colour point cloud data obtained by Lidar SLAM (Simultaneous Localization and
Mapping). SLAM is a technology that simultaneously maps point clouds and estimates self-positions and has been used in recent years.1)
This paper describes the effectiveness of combining the colour point cloud data obtained from SLAM measurements with a CIM model of a

planned Sabo facility to create a more detailed landscape simulation.

OUTLINE OF THE TARGET STREAM

The target stream is Kamisenjosawa, a left branch of Azusa River. The catchment area of Kamisenjosawa stream is 0.53km2 and highest alti-
tude of the catchment is about 2,500m (Fig.1). The only access road (Nagano prefectural road) to Kamikochi runs near the valley outlet of
Kamisenjosawa stream. The water from Kamisenjosawa stream flows into the Tashiro wetland located downstream. A wooden path has been
installed in the Tashiro wetland, and many tourists visit the wetland to enjoy the rare wetland vegetation and beautiful mountain scenery.
On the other hand, debris flows have frequently occurred in the Kamisenjosawa stream and other streams that cross the prefectural road,
cutting off the road. Therefore, several Sabo facilities have been constructed to protect the prefectural road and control sediment runoff into
the downstream river, furthermore, it is necessary to construct erosion control facilities based on the recently revised estimated sediment

discharge as soon as possible.
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ESTIMATION OF PEAK DISCHARGES FOR DEBRIS FLOWS
BASED ON QUANTILE REGRESSION

Johannes Hiibl, Dipl.-Ing. Dr.
{( B A[:K T[] [:[] NTENT University of Natural Resources and Life Sciences Vienna, AUSTRIA
Bernhard Spangl, Dipl.-Ing. Dr.; Roland Kaitna, Dipl.-Ing. Dr.

ABSTRACT

Various approaches for determining peak discharges of debris flows can be found in the literature. In this contribution the data basis for a
better estimation of peak discharges is extended by results from measurements of debris flows at the monitoring stations “Lattenbach” and
“Gadria”, where more than 150 data sets are analyzed based on the evaluation of individual debris-flow surges for the first time. Because
of the weak relationship between the means of peak discharge and total volume Quantile regression is subsequently used to analyze these
data sets. The calculated 9th decile appears as a statistically validated value for the rapid estimation of peak discharges of debris flows.

It should be noted that it is challenging to use the total load of a debris flow as an independent variable in estimating of peak discharge.

INTRODUCTION

A reliable estimation of peak discharges from debris flows (QDF) is essential for hazard analysis in torrential catchments. In principle, two
empirical approaches can be found in the literature. One method is based on multiplying a hypothetical runoff of an event (QW) by a factor
that depends on the solids concentration (cv). In addition, further coefficients can be added as multipliers (e.g. blocking coefficient DO).

The formula from Gong et al. (2021) is cited here as an example:

1
= \——)-D
Qpr = Qw <1 _ Cv> C
Equation 1

In application, this means that either only the peak discharge of a pure water hydrograph is multiplied by a factor or that the peak value is
increased using a triangular hydrograph, which also increases the volume of the discharge if the duration of the direct runoff is not changed.

However, as can be seen in Figure 1, this approach greatly overestimates the volume of the debris flow.

-
Ll

discharge

\\\/ hypothetical triangular debris flow hydrograph
<

real debris flow hydrograph

[

time

Figure 1: Sketch of the difference between triangular and real debris flow hydrographs

The second method is based on an empirical correlation between peak discharge and the total load of a debris flow (VDF). Rickenmann
(1999) provides a theoretical justification for this based on Froud's law of similarity. Rickenmann (1999) recommends a value of 0.1 for the
coefficient a. This approach is similar to the one proposed by Ikeda et al. (2019), which sets the coefficient a in the value range from 0.01
to 1.
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EVALUATION OF THROW-DISTANCE APPROACHES FOR THE HYDRAULIC
DESIGN OF TORRENT BARRIERS WITH MONITORING DATA AND
3D-NUMERICAL MODELLING RESULTS
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ABSTRACT

The hydraulic design is a fundamental task within the planning process of torrent barriers. Relating to the specific type and purpose of the
structure in terms of sediment management and the decrease of process intensities, hydraulically relevant elements of the barriers have to
fulfil specific requirements, ensuring consistent structural stability even during extreme hazard scenarios. The present study focuses on the
local hydraulic conditions at the spillway section of torrent barriers, particularly on the throw distance in the scour protection zone down-
stream of the barrier. Data from continuous monitoring at three barriers together with 3D-numerical simulations were used to evaluate the
applicability of the empirical throw-parabola equation. This study illustrates initial results while monitoring and further numerical simula-

tions are ongoing.

INTRODUCTION

Among the many mitigation measures against torrential hazards and related risks, torrent barriers represent the most relevant technical meas-
ures, actively aiming to permanently mitigate or decrease the hazard potential. A large number of different types of barriers exist, each with
a specific construction, static system, building material, arrangement of openings in the structure and effects on the movement of sediments
and process intensities (Bergmeister et al., 2008; ASI, 2009a; Piton and Recking, 2016a and 2016b). The design of torrent barriers requires a
comprehensive analysis of all relevant processes and local topographic conditions, which requires an interdisciplinary approach involving
different disciplines such as geomorphologists, geotechnics, hydraulics and statics. Using the probabilistic scenario-based approach with
a well-defined type of process (bedload transport, debris flood, debris flow; Rickenmann, 2014) and return period, the hydraulic design
of torrent barriers requires the proof of performance of the spillway section, a suitable arrangement and dimensioning of openings in the
barrier, a proper constructive design of the barrier side walls, and the design of the counter dam including as well the scour protection zone
(ASI, 2009a, 2009b and 2013; Piton and Recking, 2016a). Empirical equations and approaches together with the comprehensive experts’
experience and knowledge from historic events were traditionally used for the proof of hydraulic design. They are still highly relevant,
even though innovative and more complex models such as numerical software applications or experiments have become more frequently

applied.

To define the minimum required length of the scour protection zone between the main barrier and counter dam, knowledge about the
throw distance under design-scenario conditions is required. The physics-based description of the throw parabola, assuming horizontally
approaching clear water flow at the barrier, is one of several common approaches (Angerholzer, 1913; Aigner and Bollrich, 2015). Gener-
ally, it represents the trajectory described by a body during a throw in a homogeneous gravitational field, if the influence of air resistance
is neglected (Aigner and Bollrich, 2015). Concerning the throw distance of torrential processes, there are further major uncertainties with
this approach, due to differences in these processes compared to clear water, the complex and spatially heterogeneous characteristics of
the approaching flow, and the general influence of sediments in the flow mixture. This study aims to contribute to the discussion on ro-
bustly estimating throw distances at torrent barriers by comparing results from applying the throw-parabola equation with (i) continuous
monitoring data at three barriers in Tyrol and Vorarlberg, and with (i) results from 3D-numerical modelling of a large set of scenarios in
a standardized set-up applying the software Flow3D. The provided data represent the first results while still ongoing monitoring aims to

observe and document potential future high-intensity events.

METHODS FOR MONITORING AND MODELLING

The monitoring of the hydraulic conditions in the vicinity of the spillways of the considered torrent barriers is carried out with a robust
camera (IP Cam HikVision DS-2CD2623G0-1ZS), which is mounted on a pole approximately 10-20 m below the dam. It is connected via
a control unit to a measuring system, which is mounted on a beam directly above the dam crest and allows for the continuous (1 Hz),
non-contact recording of the flow depth (OTT RLS radar sensor) and surface flow velocities (OTT SVR 100) in the middle of the spillway
section. The operation or the recordings of the camera are process-controlled, i.e. only in those periods in which a defined alarm value of
the flow depth is reached or exceeded during the continuous measurements. The camera documents the flow processes using photos in
a high temporal resolution (1 Hz). The monitoring system is self-sufficient and maintenance-free, thus enabling continuous measurements

even at dam structures that are difficult to access. The energy supply is from a solar panel which is installed together with the control unit
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ROCK-AVALANCHE FLUCHTHORN: BACK-CALCULATION OF
THE EVENT WITH THE OPEN SOURCE MODEL AVAFRAME

Michael Moelk, Mag.
( B A[:K m [:[] NTENT Torrent and avalanche control Austria; Innshruck, AUSTRIA
Christian Tollinger, Mag.; Felix Oesterle, Mag.

ABSTRACT

A rock-avalanche with a solid rock-volume of approximately 1 million cubic meters took place in the Silvretta range in the community of
Galtur, Tyrol, Austria, on June 11th 2023. The rock-avalanche was witnessed and filmed by persons near the Jamtal hut. A high-resolution
survey using airborne laser scanning was executed by the local government in the week after the event and provides high resolution data
regarding detached mass, position, thickness of deposits and reach of the rock-avalanche.

Using the AvaFrame module com1DFA, first simulations of the event were executed after the event within a few days (Noel 2023).

A significant congruence of the model results and the surveyed processes of the rock-avalanche in the field is achieved. With the parameter
sets derived from the back-calculation it is possible to conduct preliminary assessments of potentially endangered areas of similar processes
in the future. An adaption and extension of the model for a more detailed and better forecasting of similar failures and the affected area is

intended.

INTRODUCTION

In the afternoon of June 11th 2023, a rock-avalanche at the southern peak of Fluchthorn in the Silvretta range in Tyrol, Austria took place.
Approximately 100 m of the original height of the peak with an altitude of about 3.400 m detached and slid down the slope in a highly dy-
namic rock-avalanche. A significant amount of snow and water from a lake was incorporated in the rock-mass with a primary solid volume
of around 1 Million cubic meters. Fortunately, no persons or infrastructure except hiking trails were affected by the rock-avalanche. Initial
surveys by the local government revealed significant ice-surfaces on the failure plane of the slope pointing to an involvement of permafrost
processes.

One day after the event, the first model calculations were presented by F. Noél (NGU.no) on 12.6.2023 using AvaFrame-com1DFA (terrain
model resolution of 10 m) with a preliminary estimated volume of 2 million cubic metres.

On June 13th 2023, just two days after the event the Tyrolean regional government (Amt der Tiroler Landesregierung, Abteilung Geoinfor-
mation 2023) organised a high-resolution survey using airborne laser-scanning and on June 23rd 2023.provided the digital terrain models
before and after the event.

The Centre for Geology and Avalanches (Torrent and Avalanche Control Austria) carried out parameter studies and model calculations of
the rock-avalanche with the simulation module AvaFrame-com1DFA (terrain model resolution: 3 m). Among other things, the parameter-sets
were based on findings from research conducted by the Austrian Torrent and Avalanche Control, Centre for Geology in cooperation with

the Vienna University of Technology during the course of ex-post-modelling of rock-avalanches on existing snow cover (Preh et al. 2016).

METHODS

Estimation of cubature

Based on the two high-resolution digital terrain models from 2018 and 2023 (before and immediately after the rock-avalanche), the cuba-
ture of the detached rock-mass, erosion in the trajectory (entrainment), deposits along the rock-avalanche-path, eroded snow thicknesses,

surface dimensions of alpine lakes etc. were quantified using the respective digital elevation models (DEM).

Table 1: cubature derived from analyses of digital elevation models 2018 and 2023
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A BENEFIT-COST APPROACH TO NATURAL HAZARD RISK IS BROUGHT
TO YOUR GIS

« BACKTO CONTENT

ABSTRACT

In 2008, the Swiss Federal Office for the Environment (FOEN) commissioned EconoMe, an online tool to help them distribute subsidies for
natural hazard mitigation projects. Consequently, an interdisciplinary team developed a method to assess mitigation projects concerning
their effectiveness to reduce risk and their economic efficiency. Today, fifteen years later, this tool is a significant pillar and reference in
Switzerland’s natural hazards field. It is continuously being developed further, relying on the feedback and support from the natural hazard
community. The newest feature is an interface which allows users to draw on information and calculations from EconoMe while working

in their GIS software.

INTRODUCTION

EconoMe is an online tool developed in 2008 for the Swiss Federal Office for the Environment (hereafter FOEN). The FOEN uses EconoMe
to support decision-making regarding subsidy distribution for protective measures against natural hazards (Briindl et al., 2016). The tool’s
methodology draws on the general risk concept for natural hazards (Briindl et al., 2009, Tobler and Krummenacher, 2013), which not only
looks at what can happen in case of a natural hazard event, but also considers how likely such an outcome is. A proposed mitigation meas-
ure is evaluated using a benefit-cost approach (illustrated in figure 1): Does the mitigation measure save more money by preventing damage
during its service life, than it costs to build and maintain it? Although society may wish to eliminate natural hazard risk completely, this is,
of course, impossible. Thus, it is important to find a balance between reducing risk to an acceptable level and the costs necessary to do so.
The EconoMe approach supports decision-makers in this balancing process and has been widely accepted and supported throughout the
Swiss natural hazard community, from engineers and planners to the authorities on municipal, cantonal and federal levels. While the use
of EconoMe is compulsory if cantons apply for federal subsidies, the approach is frequently also used for projects which do not need the
state’s approval. This broad acceptance of the method has allowed an interdisciplinary team of researchers, engineers and public officials
to continuously advance EconoMe in the last fifteen years. The development has often been triggered by feedback received from the users
of EconoMe regarding their experience with the tool as well as the questions and problems that surfaced through their practical work with
natural hazards. It is this fruitful dialogue which has brought EconoMe to its current version, 5.1, and which has triggered the latest devel-

opment, an interface to bring EconoMe to the users’ GIS software.

The EconoMe Tool
A benefit-cost approach to managing natural hazard risk

Benefit: risk reduction Cost: protective measures

——

— — =

L7 L\

Z® - =0 - =- =0 :+ O
N

Natural hazard Risk if Cost to build Cost to
risk to people protective protective maintain
and assets measures are measures protective
today taken measures

Figure 1: The benefit-cost approach of the EconoMe tool.

METHODS

The users of EconoMe heavily depend on GIS software to prepare, store and visualise the data they collect to assess a natural hazard
risk situation. This data includes several intensity maps of the natural hazard process being studied as well as information concerning the
buildings, people and infrastructure at risk. Much of the GIS based data is needed in EconoMe to estimate damages, deduce risks and

lastly evaluate the cost-efficiency of a mitigation measure. Up until recently, the data transfer from a GIS to EconoMe has been a laborious
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HYDROBOD UPPER AUSTRIA, GENERATION OF AREA-WIDE
HYDROLOGIC SOIL PARAMETERS
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ABSTRACT

Due to the impacts of climate change, damages caused by heavy precipitation are increasing. Identifying vulnerable areas is crucial to ad-

dress this issue. To characterise such areas hydrologically, adequate information on soil hydrological parameters is required. The aim of the
HydroBOD Upper Austria project (HydroBOD OOQ) is to provide such data, namely the dominant runoff process and infiltration capacity
on a regional scale area-wide for Upper Austria. As there are variations in soil data quality, the state's territory has been divided into four
distinct processing areas: agricultural regions, forests, alpine highlands, and urban areas. A machine learning approach has been applied, to

link data from selected points and incorporate independent factors along with pedotransfer functions.

INTRODUCTION

In the context of climate change, the frequency and severity of damages caused by extreme precipitation and resulting runoff events, par-
ticularly pluvial flooding on a local slope scale during convective rainfall, have significantly increased. Basically, damage events are caused
by the combination of heavy rainfall and insufficient infiltration of precipitation into the ground (Zahnt et al. 2017). The spatial distribution of
landscape-forming factors such as soil, geological substrate, vegetation type, and intensity of land use or management significantly influence
the processes of runoff formation. However, quantifying the influence of these factors is challenging.

Various approaches are available to estimate runoff, ranging from simple conceptual methods to complex physically based process models
(Beven 2001). One is the conceptual HydroBOD approach from Klebinder et al. (2012), applied in Lower Austria. Ten years after its initial
development, a revised version has been released to generate comprehensive, homogeneous soil hydrological parameters with appropriate
spatial accuracy and resolution for Upper Austria. The aim was to provide maps with information on dominant runoff processes and infil-

tration capacity for defined precipitation scenarios and system states.

METHODS

The first step was to gain an overview on the available data in Upper Austria and to validate their relevance for the project’s objectives. On
the one hand this included assessing areal data such as geological maps, the digital soil map of Austria for agricultural lands (eBod), the
forest mask, the digital cadastre and more. These datasets were checked regarding their scale, homogeneity, and the extent of area coverage.
On the other hand, we sought soil information at plot scale, namely soil profiles with information on relevant soil properties as soil-type,
bulk density, content of organic matter (OM), soil thickness or coarse skeleton content. Within the project, additionally samples of about 100
soil profiles were collected and analyzed in the laboratory.

For modelling hydrological soil characteristics, a current, spatially and contextually detailed land use map is essential. A compilation of
several geospatial data sources like the digital cadastral map (DCM) of Upper Austria, the INVEKOS data (control system for agricultural
subsidies) and the Austrian Forest Map from the Austrian Forest Inventory, were used to enhance the level of detail. The processing steps
are shown in Fig. 1. Due to variation in availability and quality of available area-wide soil information depending on the type of land use,
the district of Upper Austria was subdivided into four processing areas: i) agricultural areas with the most comprehensive information, ii)
forest areas with moderate data availability, iii) forest-free highlands with limited information on soil properties and iv) settlements and

urban areas, where a different approach was necessary due to soil sealing and building activities.
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THE CADEGLIANO-VICONAGO ACTIVE LANDSLIDE: THE IMPACT OF THE
PLEISTOCENE ALPINE GLACIER SYSTEM AS A KEY FOR THE COMPRE-
HENSION OF THE CURRENT EVOLUTION AND THE FUTURE COLLAPSE

« BACKTO CONTENT

ABSTRACT

The frequent approach to the numerical modelling of stability of large rock slope failure relies on set of information such as field observa-
tions, laboratory and in-situ mechanical tests and study of the historical activity of the phenomenon, overlooking the factors connected to
the millenary climate variation. During the Last Glacial Maximum (LGM), the European Alps presented an ice cover reaching several hun-
dred meters. The glacial retreat is known to be responsible of tensional release that may cause deep damage of the slope. The numerical
modelling of stability of the Cadegliano-Viconago landslide, in the Southern Alps, highlights the influence of the glacial load as key factor
in the development of conditions leading to the slope rupture. The deformation data exposed by the model are consistent with the data
registered by the DMS® monitoring system. The information collected in situ and from stability models allow to perform runout models

useful for the estimation of hazard maps.

INTRODUCTION

The landslide of Cadegliano Viconago located in the central southern Alps has been for over twenty years a danger to the population and
infrastructures along the course of the Tresa river, natural border between Italy and Switzerland. The landslide state of activity is tracked by
annual geodetic monitoring and continuous monitoring through DMS® (Differential Monitoring of Stability) columns and is currently limited
to few centimeters of displacement per year. This deformation pattern can drastically change during heavy rainfall events with opening of
decimeters wide tension cracks. A catastrophic collapse would lead to the partial or total interruption of the road system, a barrage of the

Tresa river with the likely formation of a lake and the destruction of a well field for drinking water use in Switzerland.

THE CADEGLIANO-VICONAGO LANDSLIDE

The Cadegliano-Viconago landslide involve metamorphic scists belonging to the structural domain of the Southalpine called in the area
"Serie dei Laghi". The lithologies observed are mica schists and paragneisses with intercalations of fine-grained orthogneisses. The counter
slope schistosity is typically pervasive, monoclinic with dip between 15° and 35° and dip direction between 240° and 280°. The landslide
body effects the slope from 265 m a.s.l. up to approx. 500 m a.s.l. over a surface of 130°000 m2. The upper limit of the slope is characterized
by a 40 meters scarp while the toe is difficult to identify as it is masked by slope debris (Figure 1).
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A NATURE-BASED ENGINEERING SOLUTION TO CONTROL INVASIVE
JAPANESE KNOTWEED
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ABSTRACT

The invasion of alien species is an increasing threat to native ecosystems and causes structural alterations in watercourses. Japanese knot-
weed is one of the species that affects watercourses in Austria the most and is particularly difficult to control. This article presents the ap-
proach of a nature-based engineering solution to control invasive knotweeds by installing a native riparian forest and restoring ecosystem
function. Four different structures were implemented on a knotweed-infested riverbank on the Schwechat River. The development of the
individual structures was monitored and the knotweed was removed at each of the monitoring. It was found that variants combining the
use of an eco-fleece in combination with soil and water bioengineering techniques developed best. The results show that maintenance
measures are necessary in the initial phase of an intervention. In the long term, however, the dense riparian vegetation should be able to

effectively suppress the knotweed.

INTRODUCTION

The spread of invasive alien species is one of the main causes of ecosystem change, leading to biodiversity loss and affecting various sectors
such as agriculture, forestry and human health. (European Commission, 2013). The extent to which invasive alien plants are already affecting
ecosystem services and how changing conditions such as climate change will exacerbate their impact is largely unknown. Invasive alien
plants have very strong dispersal mechanisms that enable them to take up large areas in a short time and form monocultures. The impor-
tance of the threat of invasive species is reflected in a suite of international, European and national policies and legislations. Amongst them
is the Austrian Action Plan on Invasive Alien Species, the Austrian Strategy for Adaptation to Climate Change, the EU biodiversity strategy,
and the EU regulation 1143/2014 on invasive alien species. In Austria, invasive neophytes particularly invade riverine habitats (softwood
riparian forests, tall herbaceous vegetation, riparian pioneer vegetation) (Essl et al. 2002), thus invading areas that have unique plant com-
munities and an exceptional diversity of environmental processes. One of the most challenging species for landscape managers in Austria
is Japanese knotweed (Fallopia spp.), which is one of the 100 most difficult invasive alien species to control worldwide (Lowe et al. 2000).
Along river courses, where it spreads rapidly, it can have a significant impact, including on hydromorphological characteristics. With heavy
knotweed colonisation in the active channel, water levels and sediment transport are reduced during the growing season as knotweeds
can increase hydraulic roughness, trap and stabilise transported sediment and debris and so cause aggradation. This aggradation leads to
a narrowing of the river channel, stable floodplains and banks, resulting in a loss of aquatic habitats and may increase flooding. In winter,
when the above-ground biomass of the invaders has disappeared, the results are reversed and the floodplain is more susceptible to erosion
(van Oorschot et al. 2017). There is a wide range of control methods that have been applied for different situations including mechanical
measures such as mowing, tarping, grazing and uprooting, chemical methods such as the use of herbicides or biological methods such as
planting competitive native plants. However, there is no standard solution and there are different reports and publications on the success
of each measure. In order to find a suitable control method, various factors must be taken into account, such as the size of the knotweed
stand to be controlled, the site conditions (e.g. climate, slope, hydrological factors) and the practical applicability of the intervention (e.g.
accessibility, available resources, stage of invasion in the catchment). What all measures have in common is that they must be planned for
the long term and usually require monitoring of the area with appropriate maintenance work. This article presents a nature-based engineer-
ing solution designed and implemented with the aim of installing a native riparian forest and restoring ecosystem function on a riverbank
overgrown by knotweed. Different methods of knotweed control are combined to support the native vegetation until it can effectively sup-
press the knotweed through shading and root competition. The presented techniques are based on previous experiments in which soil and
water bioengineering techniques were applied for knotweed control (e.g., Horbinger & Rauch 2019, Dommanget et al. 2015). More detailed
information on the presented experiment can be found in the final report of the project “Nature-based engineering solutions - Management

against invasive alien plants” (Rauch et al. 2022).

METHODS

A test site was implemented at a Japanese knotweed invaded bank of the Schwechat River in the Wienerwald Biosphere Reserve. The initial
situation before the implementation is shown in Figure 1. Four different types of structures adapted to the terrain were installed. In the flat
upper part, the experimental variant (V1) was installed using eco-fleece and hardwood cuttings. The cuttings were planted in a narrow grid

of 15 x 15 cm. In the area of the bank slope, the two test variants (V2, V3) were installed. Both variants were designed as willow brush
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GLIDE-SNOW RELEASE AREA TRUNCATION WITH GEOTEXTILE MATS

« BACKTO CONTENT

ABSTRACT

Glide-snow avalanches are a growing challenge for hazard and risk management. With extreme snowfall events and rapid warming peri-
ods, full depth glide cracks leading to avalanches pose a common hazard problem. Glide-snow initiation and progression toward failure is
driven by a cohesive snowpack and loss of friction along the snow-ground interface. While the intricate interplay of topography, weather
and snowpack conditions driving glide-snow avalanche release renders their prediction and control particularly challenging. Blasting efforts
remain ineffective due to the high shockwave attenuation in a wet snowpack. And traditional stabilisation methods with wooden tripods
or snow barriers are intrusive to the landscape and block land for agricultural use. This contribution provides an overview of research and
findings into a novel application using geotextile mats designed to truncate glide-snow release areas by early removal of snow. Strategic
placement of low friction geotextile mats removes snow accumulations and truncates the potential release area disrupting snowpack con-

nectivity and large lateral involvement of snow-mass that could result in avalanche.

e X —

# a1

Figure 1: Snow covered slope above a house in Frauenkirch Davos affected by glide-snow activity. The low friction geotextile mats were installed in winter 2022/2023 to the left and induce
early sliding of snow accumulations directing slides away from the house.

INTRODUCTION

Glide snow activity is a result of snowpack creep and basal sliding along the snowpack ground interface and can occur on slopes as shallow
as 25° (Margreth, 2016). Stationary snowpack surrounding the glide snow area provide resistance to the sliding motion. At the crown of the
slide tensional forces must be overcome along with shear forces in the flanking stationary snowpack and compressional forces at the foot of
the slide in the Stauchwall (Holler, 2014 & Lackinger, 1989). Initiation of glide snow activity is indicated by snowpack crack openings at the
crown, referred to as fish mouths or Fischmiuler, exposing the ground surface beneath. Further snowpack gliding leads to shear failures in
the flanking snowpack and in the compression zone of the Stauchwall resulting in gliding snow avalanches. A formulation of the glide-snow
avalanche stability state is presented in Bartelt et al., (2012). Whereby a common factor attributed to driving basal sliding is lubrication due

to liquid water from snow melt or rain on snow infiltration (McClung & Clark, 1987).

Despite the current level of knowledge on mechanisms of gliding snow avalanches, the intricate interplay of topography, weather and snow-

pack leading to glide avalanche release remain poorly understood and pose considerable challenges for science and practice.

Gliding and creeping of the snowpack as well as glide-snow avalanche hazards are gaining importance both within the scientific community
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GREENHOUSE GAS MEASUREMENTS IN A RESTORED FLOODPLAIN
AREA AT THE MORAVA RIVER IN AUSTRIA — A METHOD TO ASSESS THE
CONTRIBUTION TO CLIMATE CHANGE MITIGATION

« BACKTO CONTENT

ABSTRACT

Due to anthropogenic climate change, climate observations over the last decades show an increase of global land and sea surface temper-
ature. This is accompanied by unpredictable consequences like extreme weather events, sea level rise, droughts or flooding, which can
lead to risks for animals and humans in the according region. To reduce the risks of flooding for settlements an area at the Morava River
was restored into a floodplain area including near natural riparian forests, water bodies and diverse meadows. The restoration changed the
ability of the wetland to act as a carbon sink or source. Thus, a quantification of the real performance of such a specific ecosystem will be
conducted. Besides the monitoring of flora and fauna (including the natural grazing by wild horses and temporarily cattle) done by WWF a
new measurement setup to quantify CO2, H20, CH4 fluxes on an ecosystem level based on the Eddy Covariance (EC) method was installed
on a floating platform by researchers from the BOKU in the framework of the Horizon Europe project REWET. This paper gives advices and
points out the challenges of setting up an EC system in regularly flooded areas and in a clear-cut of a forest. Besides the ecological resto-
ration and the reduction of risk of flooding, these measurements aim to investigate the potential of the restored floodplain area to mitigate

climate change in terms of acting as a source or sink for carbon.

INTRODUCTION

Floodplains have been degraded for several centuries across Europe and continue to be degraded, with the main drivers being large scale
drainage for agricultural, forestry, mining of peat and other materials. Moreover, climate warming and changes in rainfall patterns lead to
the drainage of wetlands, contributing to GHG emissions and the occurrence of natural disasters (i.e. flooding). Over the last decades cli-
mate observations show an increase of the global land and sea surface temperature. There is scientific consensus that the primary cause of
global warming is the increase in anthropogenic greenhouse gas (GHG) emissions (IPCC, 2021). Carbon dioxide (CO2) and Methane (CH4),
being two of the most important GHG’s, have been classified as Essential Climate Variables (ECVs) by the Global Climate Observing System
(GCOS). Since the industrial revolution CO2 concentrations in the atmosphere increased rapidly from 280 ppm in 1850 to 417.06 parts per
million (ppm) in 2022 (NOAA). According to climate models this human induced climate change is expected to cause a further increase in
air and sea surface temperature. This is accompanied by unpredictable consequences, for instance extreme weather events, sea level rise,
droughts, floods or a decrease in snow and ice cover (IPCC, 2021; Reuter et al., 2020). These consequences can limit habitats for animals

and humans, leading to losses in biodiversity and can expose humankind to different health risks (Roman-Palacios & Wiens, 2020).

Hence, the conservation, restoration and proper management of these ecosystems will significantly reduce current GHG emissions and
has enormous potential for net carbon sequestration and thus, are essential to meeting EU and global targets on climate, nature and water.
Ecosystems like wetlands play an important role in the global carbon cycle, as they can act as carbon sinks and help to mitigate climate
change (Dusek et al., 2009).

For effective climate change mitigation, it is absolutely essential that the floodplains’ carbon dynamics are better understood, their full se-
questration potential mapped, and the most effective management and restoration measures identified and fostered. This is the background
and the basic idea of an EU — HORIZON research project — REWET - Restoration of Wetlands to minimise emissions and maximise carbon
uptake — a strategy for long term climate mitigation. The REWET project will facilitate the sustainable restoration and conservation of terres-
trial wetlands - freshwater wetlands, peatlands, and floodplains. REWET draws upon the network of carefully selected seven demonstrators
(Open Labs > 2400 ha in total) that cover a range of local conditions, geographic characteristics, governance structures and social/cultur-
al settings to fully understand the wetlands-carbon-climate nexus and provide a replication plan to boost successful wetland restoration
throughout Europe and internationally. The Morava River is one of the selected sites as an open lab (OL) to investigate long term dynamics
of carbon fluxes of the floodplain area, examine the influence of annual flooding events on carbon fluxes, describe seasonal patterns of
carbon fluxes of the floodplain area and study the impact of grazing (horse, cattle) on pasture as a management method. This paper focuses
on a methodical and conceptional approach how to implement and apply a measuring platform and devices taking into account the specific

environmental conditions of the Morava floodplain area.
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THE DEBRIS FLOW EARLY WARNING PROTOTYPE INADEF

« BACKTO CONTENT

ABSTRACT

An increase in the frequency and magnitude of debris flow events due to climate change is likely. Thus, technical protection measures

may no longer be sufficient, early warning systems can be a cost-effective alternative or supplement to existing structures. The presented
approach INADEF can refine general, regional weather warnings into specific warnings for debris flow events at the catchment level. The
approach relies on rainfall forecasts, followed by a precipitation-runoff model and a mudflow model. The evaluation in five test areas across
Italy and Austria showed promising results as well as requirements and limitations. Nevertheless, there remains a gap that needs to be

bridged between the prototype stage and its practical use as a tool.

INTRODUCTION

IPCC stated 2022: “We have to expect more frequent and intense extreme events, which go beyond those caused by natural climate varia-
bility”. Subjective perceptions based on ongoing reports of flood disasters, such as those from IFCR in 2023, underline this, as does most of
the current scientific work. Koltarski et al. 2022 found that heavy precipitation events will likely occur more frequently in the Alpine region
during summers under future climatic conditions. In-depth analysis on changes in extreme precipitation indicated significant increases com-
ing along with distinct reductions in the return periods of heavy events across the entire Alpine region (Rajczak and Schir 2017). Hossein-
zadehtalaei et al. (2020) stated rising intensities with increasing frequency. They anticipate an increase of approximately 25% for 100-year
short-duration rainfall events (RCP 8.5 scenario, 2071-2100).

Consequently, many technical protective measures based on design events are likely to become inadequate. Expanding flow profiles or
retention areas is often impractical from both an economic and technical perspective. Consequently, cost-effective temporary protective
measures can be an alternative (Sittele et al. 2015). However, reliable and timely warnings are necessary for their effectiveness. Thus, a
collaborative effort involving UNIUD, ARPAV, UNIPD, BFW and ZAMG has yielded a prototype of an early warning system (Innovative
Nowcasting-based Early Warning System for Debris Flow Events - INADEF) within INTERREG ITAT3035, spanning from 2019 to 2022 with

support from the WLV-section of the Tyrol. The approach relies on rainfall forecasts and a subsequent model chain.

METHODS

INADEF is based on the combination of existing independent models that are adapted and linked on a web GIS platform (Fig. 1), whereby
the modular design allows the replacement of individual model components with moderate effort.

The spatial and temporal forecasting of precipitation distribution is provided by the external, short-term forecast system INCA (ZAMG 2021).
The new Python version of the well-established precipitation-runoff model ZEMOKOST developed at BFW (Kohl et al. 2014), delivers runoff
hydrographs within seconds. These hydrographs serve as input parameters for a two-part numerical model, developed by Gregoretti et al.
(2016, 2019). This model decides about the initiation of debris flows, based on channel parameters and material properties. Subsequently, it

provides information on peak flows and volumes. Detailed descriptions of the model components can be found in Hagen & Lechner 2021.

Figure 1. Scheme of the early warning system prototype developed within INADEF, in blue the model concerned, in yellow/red the model output.
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4 4 TORRENT AND AVALANCHE CADASTRE
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ABSTRACT

The torrent and avalanche cadastre (Wildbach und Lawinenkataster/WLK) of the Forest Technical Service for Torrent and Avalanche Control
(Wildbach und Lawinenverbauung/WLV) is a digital geoinformation-technical management system for the standardised spatial management
of natural hazard information. The module-based structure of the cadastre follows thereby the essential contents of the core service fields
of the WLV and maps their most important workflows. The WLK can be operated not only on stationary system components but also in a

mobile version.

INTRODUCTION

The implementation of a torrent and avalanche cadastre is defined in §102 Abs 5 lit. d of the Forest Act of 1975 (ForstG 1975). The WLV is
legally obliged to implement protection services throughout Austria and to provide decision and the provision of decision criteria for spatial
development. In this respect, the digital WLK, which has been in operation since 2000, is a tool for managing natural hazard information,
which is intended to ensure that expert data is correctly recorded, processed, catalogued, and analysed. Based on this database, natural
hazard processes and their effects on the residential area can be analysed and evaluated, and the implementation of measures to protect the

population can be planned as part of efficient risk management.

Accordingly, the WLK provides a valuable overview of the areas where natural hazards are likely to occur and the technical as well as mit-
igation measures (meaning that not only technical measures serve to prevent disasters, but also prevention strategies such as appropriate
preparedness or spatial planning approaches) that already exist. It is also a tool that provides information on the maintenance status. This

makes it possible to identify where additional measures need to be taken and to plan them efficiently.

Fig. 1 provides an overview of the municipalities in Austria where a hazard zone map (Gefahrenzonenplan/GZP) already exists. A substan-

tial part of Austria is affected by natural hazards, which also highlights the relevance of the provided data.

[Figure 1: Austrian municipalities with hazard zone maps (GZP)]
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