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Phenomena

length changes

glacier floods

ice avalanches

debris flows

rock avalanches

combined events!

Goals

overview

priorities

responsibilities

risk acceptance

observing system

Assessing hazards in high-mountain areas

• Systematic overview

• Illustrative cases

• Principal challenges

focus on lakes

special emphasis
on rock avalanches



Systematic overview

1. Lake types
2. Dam characteristics 
3. Outburst mechanisms 
4. Downvalley processes
5. Process chains



1. Lake types

en/subglacial

proglacial

supraglacial

ice-marginal

periglacial

(artificial)



2. Dam characteristics

moraine: frozen
unfrozen
consolidated
loose

landslide

rock glacier

dead ice

broken ice

solid ice

bedrock

slow mass
movement



moraine breaching 

slope failure 
retrogressive erosion
piping

Qmax < V/1000 sec

Qmax < 46 (V/106) 0.66

3. Outburst mechanisms impuls wave from 
ice/rock avalanches*

or moraine slides 

progressive 
enlargement
of basal ice 
channels

sudden rupture

Qmax < 2V/1000 sec

F (m/h, tan φ, tan β−1)

Ic = (γ-1)/(1+n)

overtopping



* Special on ice/rock avalanches 

ice
ice/
rock

rock
on
ice



Noetzli and Gruber

Matterhorn: critical temperature
+ critical slope



Matterhorn: critical temperature
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Matterhorn: critical temperature
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4. Downvalley processes

flood wave

debris flow

lahar



5. Process chains
snow avalanche

trigger

glacier
erosion

impact
wave

series
of lakes

river
damming

flow
transformation



http://www.gletschersee.ch/index.cfm/treeID/42

Lower Grindelwald glacier

Illustrative cases



Debris flows from
degrading permafrost  

Lower
Grindelwald
glacier

Rock instability following
glacier shrinkage

Lake formation on
debris-covered glacier

Ice avalanches from steep hanging glaciers

Rock falls from permafrrost onto glaciers

Process chains?

Ice avalanches from
hanging glacier
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LAKE 2100
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DEBFLOW
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• Complex situations to be assessed -
check list of processes and phenomena

• Interactions and process chains to be considered -
integrated and comprehensive approach

• Evolution beyond empirical historical/Holocene knowledge basis -
future-oriented scenario calculation

• Policy-oriented work
understandable language

Primary challenges
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