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ABSTRACT

According to various projections, climate change will alter the disposition for alpine mass movements, as well as their dynamics and the
interaction of gravitational processes in process cascades. This will change the risks that people living in mountain regions are exposed to.
The research program CCAMM - Climate Change Impacts on Alpine Mass Movements — initiated by the Swiss Federal Institute for Forest,
Snow and Landscape Research WSL, fosters inter- and transdisciplinary research and thus addresses a socially relevant question and provides
an important contribution to climate change adaptation of society. In this contribution, we provide an overview of the 22 projects and the

envisioned outreach activities in 2025.

WHY INVEST IN A RESEARCH PROGRAM SUCH AS CCAMM?

Air temperatures have risen significantly since records began. The latest available Swiss climate scenarios CH2018 show that the mean annual
air temperature in Switzerland could increase by 0.6 °C to 1.9 °C (RCP 2.6), and 3.3 °C to 5.4 °C (RCP 8.5), respectively, by the end of the
21st century (2045 - 2074) compared to the reference period 1981-2010 (CH2018, 2018).

This warming will lead to rapid changes in high mountain areas, which are already evident through shrinking glaciers, changing snow cover,
thawing permafrost, large sediment accumulations or damage to forests. While many changes due to rising air temperatures are well known
and have been observed in recent decades, changes due to precipitation and related extreme events are less well known. Changes in precip-
itation patterns are particularly important as they have an impact on the frequency, magnitude and severity of alpine mass movements such
as rockfall, debris flows, landslides and avalanches. In particular, the combination of different processes — so-called cascading events — is
less well understood. In addition to these changes in physical and/or mechanical processes, forest disturbances such as windthrow, insect
outbreaks or forest fires undermine the protective function of forests.

In 2018, the Swiss Federal Institute for Forest, Snow and Landscape Research WSL initiated the research program “Climate Change Impacts
on Alpine Mass Movements CCAMM”, which aims to investigate the interaction of the processes mentioned above to assess risks and develop

adaptation strategies for society (SLE, 2023).
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Figure 1: Overview of the CCAMM waork packages with key research question and related tasks (research projects).

WORK PACKAGES, PROJECTS, AND STUDY SITES

An international team of around 50 scientists from various research groups at WSL and the WSL Institute for Snow and Avalanche Research
SLF, the Swiss Federal Institute of Technology Zurich ETHZ, the Ecole polytechnique fédérale de Lausanne EPFL and the Technical Universi-
ty of Munich TUM is collaborating in the work packages (WP) Hazard Disposition (WP1), Dynamics (WP2) and Risk and Adaptation (WP3)
and since 2022, in the two additional work packages Cascading Processes (WP4) and Early Warning (WP5). For each of the five WPs, a
guiding research question provides the thematic orientation for the projects therein (Figure 1).

Within these five work packages, CCAMM places an emphasis on process understanding of snow avalanches, ice and rock avalanches,
rockfall, debris flows and landslides, including the interactions of these types of mass movements in 22 research projects (Figure 1). These
research projects range from the downscaling of hourly gridded data based on the CH2018-scenarios to hourly station data from the In-
tercantonal Measurement and Information System (IMIS) weather stations, the development, adaptation and application of models such as
the Material Point Method, RAMMS or thermo-mechanical models to the development of a framework for modelling hazard and risks at a
regional or national scale. In the social science part of CCAMM, projects aim to find out how different groups of stakeholders, managers and
researchers perceive the problem of climate-related mass movement risks.

Research in CCAMM is carried out at 33 different study sites in the Swiss Alps, carefully selected for defining disposition scenarios, conduct-
ing process studies using various measurement techniques, and to investigate socio-economic aspects by questionnaires and workshops.
To link the different research topics and to study cascading processes with the aim of gaining a holistic perspective, CCAMM has focused
on two key study areas in the second phase of the program. A large, deep-seated rock slope instability, the so-called "Spitze Stei" above the
Oeschinensee in the region of Kandersteg, is the focus of the research in WP4 “Cascading Processes” and WP5 “Early Warning” (Figure 2). At
the other key study site in the area of Davos (Canton of Grisons), the focus is set on the impact of disturbances on the protection function

of forests and its influence on the risk to buildings and infrastructure (Task 2.5).
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Figure 2: Overview of the CCAMM sites in Switzerland including the two key study regions Kandersteg and Davos.

2025 -THE CCAMM OUTREACH YEAR

In addition to the five research work packages, we focused WP6 on outreach to ensure effective and well-coordinated communication of
the results to various target audiences (Figure 1). WP6 was developed in an iterative and transdisciplinary process involving some of our
key stakeholders at the federal, cantonal and municipal levels. The main outreach product will be the CCAMM Synthesis, which is aimed at
cantonal, federal and municipal authorities, infrastructure operators such as the Swiss Federal Railways (SBB), and engineering and consult-
ing companies. It will consist of an attractively prepared, easily understandable, and compactly written synthesis report and project report
documenting the main results of all projects. Other planned outreach products will be the "Tour de CCAMM" - a rolling event to bring the
main results of the program to practitioners, as well as scientific papers to peer-reviewed journals and conferences, social media contribu-
tions and events for the general public. While scientific publications are appearing continuously, all other outreach products will be available

towards the end of the program in 2025.

CONCLUSIONS

With the results of the WSL research program CCAMM, we contribute to a better in-depth understanding on how climate change will af-
fect the disposition and the dynamics of mass movements as well as the formation of cascading events and their consequences for society
in mountain regions. Thereby, the efforts of society to adapt to the consequences of climate change in mountain regions will be further

strengthened.
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