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Climate-resilient intact rock glaciers and coarse-blocky permafrost are seen as frozen water 
stores in semi-arid high-mountain regions, potentially playing a significant stabilising effect amid 
a rapidly changing hydrological cycle in the high-mountain cryosphere under climate change. 
However, this idea has been contested as insufficiently supported by field data. This PhD thesis 
estimates seasonal ground ice turnover and heat fluxes at the Murtèl rock glacier in the Engadin 
(southeastern Swiss Alps) based on unprecedently comprehensive in-situ hydro-meteorological 
measurements. They include below-ground heat fluxes, stake measurements of the ground-ice 
table, and discharge and isotopic signature (𝛿𝛿18O) of the outflow at the rock glacier springs. 

The results indicate substantial ground ice turnover. Up to one third of the snowfall was 
seasonally stored as ground ice in the coarse-blocky active layer (AL) and slowly released 
during summer. The meltwater infiltrated deeper into the permafrost body and could not be 
tracked at the rock glacier springs. Most meltwater originated from seasonal AL ice, while the 
perennially frozen rock-glacier core remained almost inert thanks to protecting AL ice. Rock 
glaciers cannot offset the declining contribution from glacier meltwater but play an increasingly 
important role as robust cryospheric water-buffering landforms that potentially recharge 
groundwater. The calculated surface energy balance (SEB) and AL energy budget not only 
tracked the water entering as precipitation and leaving as meltwater, but also provided detailed 
quantitative insights into the so-called undercooling effect. Convective-turbulent heat export and 
the seasonal ice turnover create a cool and stable microclimate inside the AL that renders these 
coarse-blocky permafrost landforms resilient (robust) against climate change.  

This Phd thesis refines our quantitative process understanding of the undercooling effect and 
advances SEB modelling on ventilated coarse-blocky landforms situated in complex mountain 
terrain. Thermal parameters derived from field measurements improve heat transfer models of 
highly permeable coarse debris. The tested instrumentation and heat transfer concepts of this 
single-site case study may promote similar undertakings elsewhere, particularly in water-
stressed high-mountain regions such as Central Asia or the Dry Andes.  
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