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Abstract 

The rapid transformation of glacial into periglacial mountain landscapes under conditions of continued global warming 
can cause new and locally severe changes in hazard and risk conditions. A special focus must be on systematically 
increasing risks due to far-reaching flood waves or debris flows caused by rock/ice avalanches into new lakes at the foot 
of steep slopes with decreasing stability due to permafrost degradation and/or glacial de-buttressing. Modeling 
permafrost occurrence and glacier-bed topography provides important information for anticipating critical future 
situations.   
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Under conditions of continued global warming in cold 
mountains, most glaciers tend to disappear within 
decades while the degradation of permafrost on exposed 
slopes can take centuries. Glacial landscapes are 
therefore rapidly and for extended future time periods 
transforming into periglacial landscapes with permafrost 
still existing but in strong thermal disequilibrium. 
Modeling such new landscapes is an important emerging 
research field (Haeberli, 2017). One key aspect relates to 
changing hazard conditions related to decreasing slope 
stability due to permafrost degradation and glacial de-
buttressing, possibly causing impact/flood waves from 
rock/ice avalanches into new lakes (Haeberli et al., 2017). 
Anticipation of critical future situations requires 
permafrost and glacier-bed modeling (Colonia et al., 
2017; Linsbauer et al., 2016; Magnin et al., 2017). Figure 1 
shows an example from an ongoing study in the Mont 
Blanc region. Rock wall temperature was mapped based 
on a statistical model fitted with rock surface 
temperature measurements from the entire Alpine range 
(Boeckli et al., 2012) implemented with high-resolution 
(4 m) topography and local air temperature data (Magnin 
et al., 2015). Glacier-bed topography was calculated using 
the GlabTop model (Linsbauer et al., 2012) with a 20 m 
resolution DEM (upscaled 4 m DEM) and digitized 
branch lines drawn within glacier outlines mapped by 
Gardent et al. (2014). Modeled overdeepenings were 
checked against morphological criteria (slope change, 

crevasse patterns, lateral narrowing; Frey et al., 2010). It 
can be seen that possible future lakes will not only form 
at the foot of large and steep permafrost slopes, for 
instance at Aiguille Verte and Les Droites, but also close 
to oversteepened and glacially de-buttressed lateral 
glacier-bed slopes.  
New lakes exposed to potential rock/ice avalanches are 
multipliers of hazard and risk in the region. Possible 
catastrophic process chains including impact waves and 
secondary phenomena such as far-reaching flood waves 
and debris flows must be considered using 
corresponding sequences of numerical models 
(Schneider et al., 2014, Somos-Valenzuela et al., 2016, 
Worni et al., 2014). The probability of catastrophic 
events cannot be quantified but undoubtedly increases 
with further glacier retreat and related formation of new 
lakes in the valley, and with continued permafrost 
degradation and stability reduction in the surrounding 
icy peaks. Reflection about possible protective measures 
should better start now than later, because simple 
solutions may not exist and major investments and 
efficient engineering work such as retention structures 
may be difficult and take time. Aspects of landscape 
protection and options for hydropower production, 
water supply and tourism should also be considered. A 
matrix-type analyses of potential synergies but also of 
potential conflicts as part of participative planning can 
be recommended (Haeberli et al. 2016). 
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Figure 1: Mer de Glace, Glacier d’Argentière and surroundings 
in the Mont Blanc region, French Alps: Model calculation of 
present rock-wall temperatures, glacier-bed topography with 
oversteepened and overdeepened parts of glacier beds. With 
the vanishing of the glacier ice, the oversteepened parts of the 
glacier beds will become de-buttressed and glacier-bed 
overdeepenings may transform into possible future lakes when 
becoming exposed. 
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