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Climatic extreme events combine with impacts of gradual climate change:
recent evidence from the Andes and the Alps
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In high-mountain areas climatic extreme events can combine with effects of gradual climate change to form
cascading processes, occasionally resulting in major disasters. Heavy precipitation events thereby evolve into
mass movement processes such as landslides, avalanches and debris flows that can devastate urban areas at the
foot of mountains.

The transformation and interaction of processes are complex and often not sufficiently understood or difficult to
predict, and thus more research is needed. Of particular concern are landslide impacts into existing or new glacier
lakes from destabilized mountain flanks in relation with glacier retreat and permafrost degradation.

Here we analyze a number of recent events in the Andes of Peru and compare them with observations in the
Alps in Europe. In southern Peru debris flow events that were among the largest recent ones worldwide remained
largely unstudied although they destroyed entire towns and important traffic and energy infrastructure. We used a
combination of field work, satellite images, satellite rainfall data and available meteorological stations as well as
numerical modeling to reconstruct origin, type and effect of these events. Large sediment deposits resulting from
deglaciation processes represent a key factor, and were mobilized by heavy rainfall events. Tens of millions of
m3 sediment were transported downstream in single events, with compound effects on downstream river systems
causing destruction and inundation.

Other recent events in Peru underline the importance of a cascade of process interaction, with ice avalanches
impacting glacier lakes, triggering flood waves and debris flows that travel downstream and eventually impact
urban areas.

In the Alps recent observations indicate an increase of occurrence of complex compound processes with
short-term climatic events overprinting on longer-term effects of gradual climate change (e.g. from glacier retreat
and permafrost degradation). Especially important are threshold effects that can tip climatic-geomorphological
systems in a way that results in hazards and risks of no historical precedence. We show here methods how to
analyze such events in data-scarce mountain areas, and how to numerically model process interactions to support
hazard and risk assessments.



