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Ice avalanches

Data concerning glacial hazards in the Alpine Space

The last catastrophe due to a glacier in the Alpsumed in 1965, in Switzerland. The

terminal part of the Allallin glacier tongue broke#f and devastated the Mattmark dam
building site (Swiss Valais). As few glacier cataphes occurred during the second half of
the 2¢" century, the attention given to this hazard hasefsed. However, some potentially
dangerous situations have existed in the Alps duhie last few years, such as the pro-glacial
Arsine lake (Hautes Alpes, France), the supra-gldake on the Rochemelon glacier (Savoie,
France) or the Laggo Effimero on the Belvedereigta@iemonte, Italy).

The GLACIORISK program (2001-2003) aimed to propasehomogeneous database
concerning glacial hazards in Europe. This datalpaseides data forms for 166 alpine
glaciers considered as “hazardous” and locatedande, Switzerland, Austria and Italy.

The glaciers characteristics (length, altitudegtygurface, slope, orientation and localisation)
are detailed as well as known glacial events tbatiwed in the past. However all the glacial

events are not reported and the data quality idvaotogeneous for all the events; some have
been provided by technical services observers,rothe quite old and based on various
historical documents. Thus although this databaseunique for glacial hazards, it does not
allow for assessments of glacial hazard evolution.

Up till now, glacial water pockets have been imgassto observe and despite some attempts
using remote sensing, there are no data for tassaf glacial hazard.

Glacial lakes and ice avalanches are observed paihctby research institutes (e.g. the
French LGGE or the Swiss VAW) at experimental sifefich can also correspond to

hazardous areas threatening human stakes). Thestugliobservations enable scientists to
develop models (especially an ice avalanche p@visiodel with a precision of 1-2 weeks

range) and trends for some specific sites alth@egieral trends cannot be proposed.



Glacial Lake Outburst Flooding

Definition
As a glacier front advances or recedes, some natanas (mainly moraines) can be created,
leading to glacial lake formation. As these natulains are made of heterogeneous materials
with limited cohesion, they can burst easily, legdio significant inundations and debris
flows in the valleys downstream. These lakes caltobated at the glacier front (proglacial
lakes), above the glacier (supraglacial lakes)yveen the glacier and the slopes (gutter lakes)

or between two glaciers (confluence lakes). The @@L OF (Glacial Lake Outburst Flooding)
is used to name the hazard linked to glacial lakes.

GLOF sensitivity and links with climate

Climatic conditions and glacier dynamics explaiasd | Rochemelon lake (Savoi
lake formations. Pro-glacial lake occurrence iselp
linked to glacier retreat with different possible
typologies. When a glacier retreats, moraines ¢an
become dams, creating pro-glacial lakes. These dams
are often constituted with unstable materials aed/ v
low cohesion (some of these moraines can also| be
partially frozen).

Furthermore, the over-digging ice-free basin follogv
the glacier retreat can be filled with liquid prgtation
and water released during glacier and snow coyer
melting, eventually becoming a pro-glacial lakg.
Finally, pro-glacial lakes can appear behind glaga
rock bolts, e.g. at the Rhone glacier (Swiss Valdfs
dike bursting is a threat for the first two casess far
less plausible for lakes behind a rock bolt.

D

Supra-glacial lakes can also be the consequenagaofer dynamics, as supposed at the
Belvedere glacier (Piemonte, Italy) in 2002. Tlakd is thought to be the consequence of the
strong advance of this glacier since 2b@limatic conditions can also lead to the formatio
and extension of supra-glacial lakes. These tydekkes needs further study to better
understand the conditions that lead to their coeadis well as the method of safe drainage of
the lakes (there were uncertainties during the Bmelon Lake draining concerning the ice
channel behaviour during the operation).

Ice avalanches in glacial lakes can also createesvéas the 50 centimetre wave observed at
the Arsine pro-glacial lake on the™ 4f September, 1996), which can potentially catikesd

to burst. Research on the stability of morainesctvhact as natural dikes for glacial lakes
needs to be developed.

! Even if glacier retreat is general, some particglaciers can be advancing.



Observed impacts of climate change on GLOF

No observed impacts of climate change on GlacidekaOutburst Flooding are currently
available in the referenced literature.

Potential impacts of climate change on GLOF

Some hypotheses propose that climate warming @atielerated glacier retreat and increased
heavy precipitation at high altitude) may lead teotential increase in glacial lake formation,
without distinction. These conjectures are baseweak arguments because the influence of
climatic conditions on supra-glacial, peri-glacigytter and confluence lakes is not clear.
Only the evolution of pro-glacial lakes is cleadahere would be a multiplication of these
lakes with strong glacier retreat.

Glacial water pockets

Definition
Glacial water pockets can be either intra-gladial, within the glacier or sub-glacial, i.e.
between the glacier and the bedrock (cf. fig. he Tonditions leading to glacial water pocket

formation and bursting are not well known. Howeveseems that sub-glacial water pockets
often occur where there is a morphologic projection

Glacial water pockets sensitivity and links withrolate

The formation and bursting of glacial water pockets Fig. 1 - Glacial water pockets
(both intra-glacial and sub-glacial pockets) rematn

unknown processes. Liquid water flows insigegacier Sub-glacial
glaciers are also quite unknown today. In the Mont water pocke
Blanc massif, some water release and |its

consequences have been observed at the Trient

glacier, at the Mer de Glace and at the Téte Roysse

glaciers (1995).

Bedrock

These observations of liquid water release cannNQfjacier Intra-glacial
yet be linked with clearly identified causes: they water pocke
could be the consequence of accelerated melting of
some part of the glacier, the bursting of small
glacial water pockets, the flow of precipitatign
falling on the glacier or also unknown intra-gldci
liquid water flows.

1002 Ioyiny.a2inos

Bedrock

Observed and potential impacts of climate changegtacial water pockets

Considering the lack of knowledge mentioned abtive evolution of glacial water pockets is
impossible to assess (with or without consideriimate change).



Collapsed ice cavity following bursting of the TétdRousse water pocket in 1892 (Haute-Savoie)

Picture: Vallot

Ice avalanches
Definition
Ice avalanches are large blocks breaking off froenglacier and falling into the downstream

slope, fracturing into smaller blocks. In some exte cases, the whole terminal tongue might
break off.

Ice avalanche sensitivity and links with climate

Ice avalanches are quite a frequent phenomenogléoiers and constitute a part of their
natural ablation process, particularly for hangitagiers. The link with climatic conditions is

mainly indirect because ice avalanches are infledrzy glacier movements and dynamics,
themselves influenced by climatic parameters. Aiglawith a strong dynamic experiences
frequent ice avalanches.

A mean temperature increase would lead to an ablatcrease and an accumulation decrease
(unless the precipitation increase hypothesis igh taltitude is confirmed and is strong
enough to counterbalance the effect of the temperaincrease). This would result in a
negative mass balance and glacier flow should dsetealong with ice avalanche flows. This
evolution should be experienced in the long-term #re evolution of ice avalanches for the
next 20-30 years is quite uncertain.

In some extreme cases, the entire terminal patheflacier tongue that can break off from
the glacier and fall downstream. This kind of phaeaon occurred, for example in 1949 at
the Tour glacier (Haute Savoie) and in 1965 at Allalin glacier. Hanging glaciers can
effectively break off from their anchorage sit¢hé “freezing conditions” at their base are no
longer guaranteed.



Ice avalanche area at the Trift glacier (Switzerlanjl

The switch from a “cold” glacier thermal mode (tijlacier sticks to the bed rock because of
the low ice temperature of its base) to a “temm@grgkacier thermal mode (many liquid flows
can lubricate the glacier at its interface with thed rock) would thus be the main
consequence of climate change affecting hangingiegka and their stability. This is even
more worrying because warming of cold glaciers tledaat high altitudes has already been
highlighted in the Alps (for example at the Colldame du Godter). Some “hazardous” sites
have been identified: Déme du Godlter and Taconmaute Savoie, France) where ice
avalanches on a voluminous snow cover lead to ssm@lanches; Grandes Jorasses (Aosta,
Italy) or Randa/Weisshorn (Swiss Valais).

Observed impacts of climate change on ice avalagh

Ice avalanche localisation:A study carried out at the Monte Rosa (Swiss Valags shown
that more new ice avalanche triggering zones haweldped at higher altitude than were
present before. This is the only source mentiorangpatial shift of the ice avalanche
triggering zones and it is premature to draw gdresnaclusions.

Potential impacts of climate change on ice avalaes

Ice avalanche frequency and intensitylce avalanche frequency should not increase. Téere
few direct observations of this phenomenon and ebhalution of predispositions for this
natural event is mainly hypothetical. Even if adbshort-term increase in ice avalanche
frequency can be extrapolated on some sites, thevatume decrease and general glacier
retreat should attenuate this increase. Howevaneagioned above, the evolution of hanging
glaciers might be critical with a temperature rig¢hese glaciers switch from a cold mode to
a temperate mode, then it is likely that there wWdug an increase in ice avalanche frequency
and also an increase in the volume involved in eaoént, or even the breaking off of
voluminous parts of hanging glaciers.



The Allalin glacier and Mattmark dam construction site (Switzerland) before
and after the glacier break off

Picture: P. Kasser / VAW

Note This synthesis, written bg. Prudent (PGRN) with the contribution froth Vincent
(LGGE), J-M. Vengeon and B. Einhorn (PGRN), is lbbhe® the bibliographic analysis
carried out for the "ClimChAlp Base™:
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