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High-mountain areas involve complex systems of mass wasting, where many potential hazardous processes inter-
act. Climate change impacts on these systems and causes fundamental modifications. In the Swiss Alps, 75% of the
area glaciated at the end of the 20th century is expected to be ice-free by the middle of this century due to glacier
retreat. GIS-based models show that numerous overdeepenings are likely to appear in the newly exposed glacier
beds. Based on past observations and experiences, these overdeepenings are assumed to become sites of potential
future lake formation. Many of these lakes will be located underneath oversteepened and destabilized slopes,
and therefore are prone to impacts from mass movements such as rock-avalanches. Approaches to determine the
reach of such events have been developed for many high-mountain regions, but the assessment of slope insta-
bilities based on several controlling factors, and particularly cryospheric factors, is not sufficiently well established.

Here we develop a simple, deterministic model based on a number of factors that influence slope stability
in high-mountain areas, including slope angle, permafrost, recent deglaciation, lithology and topographic
potential. These factors are defined and derived both from slope stability theory and a database of rock slope
failures across the Alps. The model is GIS-based and includes a multi-criteria analysis of the rock slope
instability disposition. The model is applied to the entire Swiss Alps, both for present and for future conditions
where potential future lakes are considered. Results provide indications of different degrees of hazard potential
for different regions, with the biggest hazard potentials found for the area of Grosser Aletsch glacier in the
central Swiss Alps. To validate the model, an independent data base of rock slope failures from the New
Zealand Southern Alps was used. It is found that the model is capable of reproducing the disposition of recent
rock slope stability and provides a feasible tool to assess conditions of slope instability, which is particularly
important in view of numerous new lakes forming in several deglaciating high-mountain regions all over the world.


