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Results & Discussion 

 

The most critical influencing factor for rock glacier size and 

frequency is the combination of lithology and precipitation 

(fig.5). In wet sedimentary rock areas rock glaciers are nearly 

absent, whereas dry crystalline/Metamorphic (C/M) areas are 

most favorable. M/C rock active layer → larger grain sizes 

→ better insulation → better resistance to erosion → delayed 

closed snow cover. Sed. rock active layer → smaller grain 

sizes → higher conductive heat transfer → higher water 

content, thus delayed winter freezing → prone to erosion. 

The strong interaction of precipitation and lithology might be 

caused by hydrological erosion. 

Applying a wind sheltering index for the main wind directions 

in the Albula Alps, wind-driven snow redistribution was 

modeled for the Albula Alps (fig.3). For the potential rock 

glacier area larger snow deposits were found in eastern 

slopes. Rock glaciers occur significantly more frequently in 

western slopes. 

Relict rock glaciers had a shorter active phase in the Albula 

Alps than their active neigbours, as shown by dating studies. 

Nevertheless they became clearly larger relative to their 

headwalls (fig. 7). This indicates the strong influence of high 

erosion rates during the postglacial warming for rock glacier 

sizes and consequently also for their lower boundaries.  

No sharp border in mean annual air temperature could be 

found for rock glacier occurrence, rock glaciers tolerate a 

MAAT interval of more than 5°C (fig.6). Compared with the 

Albula Alps, estimated 10% less rock glaciers occur in the 

Glarner Alps due to strong glaciation (fig. 3). The insolation 

controlled rock glacier ratio between Northern and Southern 

slopes is about 3:1 (fig. 4). Rock glacier creep forms do not 

occur in slopes over 30° (fig. 3). 

Details & References in: Kenner, R; Magnuson, J; Estimating the effect of different influencing factors on rock glacier development in two contrasting regions in the Swiss Alps. Permafrost & Periglacial Processes (in review) 
 

 

Study aims 

 

This study uses a GIS based approach to estimate 

the effect of different influencing factors (fig.2) on 

rock glacier distribution. A rock glacier inventory 

was created for two partially contrasting regions in 

the Swiss Alps: the Albula Alps and the Glarner 

Alps (fig.1). The spatial environment characteristics 

within the mountain regions were identified by 

adding topographical and meteorological data to 

the GIS. Taking into account the interaction of the 

different influences, the effect of each factor on 

rock glacier occurrence and characteristics was 

determined. The aim of this study is to improve the 

understanding of the environmental conditions 

leading to rock glacier development. This 

knowledge is important as it affects the 

interpretation and conclusions which can be made 

from current rock glacier observations. Current 

rock glacier accelerations or the pattern of their 

spatial distribution can only be interpreted correctly 

if the crucial influencing factors are known.  
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Total area [km2] 
Albula > 2000 m a.s.l./ 
Glarner Alps > 2000 m a.s.l  715.847 189.390 526.457 361.025 275.879 85.146 361.025 

Number of rock glaciers 40 29 11 124 101 23 75 

Rock glacier surface (absolute) [km2] 2.1 1.7 0.3 13.6 11.8 1.8 14.1 

Rock glacier surface  
(relative to total area) [%] 0.30 0.99 0.05 3.75 4.27 2.07 3.91 

Mean size of rock glaciers [m2] 53500 64400 24900 109300 116700 76600 188100 

Largest rock glacier [m2] 185701 185701 53912 658859 658859 216212.35 975709 

Rock glacier surface relative to 
Headwall [%]       130     175 

Mean precipitation [mm] 1764 1677 1783 950 961 904 - 

Mean precipitation rock glacier [mm] 1720 - - 971 - - - 

Spatial average of MAAT  
(reduced to mean elevation of MAAT 
Grid Glarner Alps) [°C]  1.9 - - 0.7 (1.4) - - - 

Mean elevation of the region  
[m a.s.l.] 2380 2409 2370 2482 2490 2456 2482 

Elevational belt of rock glaciers 
(mean) [m a.s.l.] 

2030 - 2780 
(2500) 

2180 - 2780 
(2540) 

2030 - 2720 
(2260) 

2260 - 3110 
(2650) 

2260 - 3110 
(2650) 

2350 - 2920 
(2640) 

2070 - 2910 
(2456) 

Elevational belt of rock glaciers S-
Aspect (mean) [m a.s.l.] 

2030 - 2780 
(2560) - - 

2319 - 3110 
(2747) - - - 

Elevational belt of rock glaciers N-
Aspect (mean) [m a.s.l.] 

2050 - 2760 
(2465) - - 

2260 - 3030 
(2620) - - - 

Rock glacier area in aspect W-N  
[% of total rock glacier area] 29 - - 46 - - - 

Rock glacier area in aspect N -E  
[% of total rock glacier area] 14 - - 29 - - - 

Rock glacier area in aspect E-S  
[% of total rock glacier area] 36 - - 10 - - - 

Rock glacier area in aspect S-W  
[% of total rock glacier area] 21 - - 14 - - - 

Rock glacier area in aspect W-N [% of 
potential rock glacier area in W-N] 1.340 - - 15.6 - - - 

Rock glacier area in aspect N –E [% of 
potential rock glacier area in N-E ] 0.493 - - 9.6 - - - 

Rock glacier area in aspect E-S [% of 
potential rock glacier area in E-S]  0.622 - - 3.5 - - - 

Rock glacier area in aspect S-W [% of 
potential rock glacier area in S-W ] 0.587 - - 5.1 - - - 

Potential rock glacier area: Slope < 
30° and no glacier and  
Albula > 2300 m a.s.l. / Glarner Alps > 
2100 m a.s.l. [% total area] 38 -     - 38 - - - 

Potential rock glacier area in aspect 
W-N [% of potential rock glacier area] 15 - - 25 - - - 

Potential rock glacier area  in aspect 
N-E [% of potential rock glacier area] 20 - - 26 - - - 

Potential rock glacier area in aspect E-
S [% of potential rock glacier area] 40 - - 25 - - - 

Potential rock glacier area in aspect S-
W [% of potential rock glacier area] 25 - - 24 - - - 

Glacier surface [km2] (% total area) 
62.841 
(17.4) - - 8.602 (1.2) - - - 

Glacier surface [% of slope < 30° and 
elevation > 2100/2300 m a.s.l.] 13 - - 5 - - - 

Slope of 95% of rock glacier surface 
without front/side walls and without 
scree slope below the headwall 
(mean) [°] 0 - 27 (18) 0 - 27 (18) 0 - 27 (18) 0 - 28 (18) 0 - 28 (18) 0 - 28 (18) - 

Slopes <30°/30°-40°/>40°  
[% of total area line 1]  53/25/22   55/32/13   


