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Fig. 7: 	 Annual horizontal movement 2012–2013 of Weissenkar rock glacier.

Fig. 8: 	 Mean annual horizontal flow velocity (cm/a) at 
Leibnitzkopf rock glacier for the time period 
2009–2012.

publicly available (governmental) orthophotos. A total 
of 99 rock glaciers were inventoried in the test area 
by Kellerer-Pirklbauer et al. (2012). They classified 
64 rock glaciers as intact and 35 as relict. Orthophotos 
of three different epochs, i.e., 2002, 2009 and 2012, 
were made available. For computational reasons the 
resolution of the original high-resolution orthophotos 
was reduced to obtain a common ground sampling 
distance (GSD) of 50 cm. Change detection was car-
ried out for the time periods 2002–2009 (see Fig. 9) 
and 2009–2012. The significance level of the velocities 
computed depends primarily on the geometric qual-
ity of the orthophotos involved and the associated 

time spans. Good estimations (3σ) are ~20 cm/a for 
2002–2009 and ~30 cm/a for 2009–2012.

The following conclusions can be drawn: (1) About 
12 intact rock glaciers display a maximum horizontal 
flow velocity of more than 50 cm/a. (2) Flow veloci-
ties have significantly increased within the observa-
tion period. Maximum flow velocities of up to 4.4 m/a 
were detected at Hinteres Langtalkar rock glacier. 
(3) The accuracy of the orthophotos available for high 
mountain areas of Austria is limited due to insufficient 
quality/accuracy of the DEMs involved. (4) The latter 
could be easily improved by using ALS-derived DEMs 
or contemporaneous DEMs obtained from the aerial 
photographs of the orthophoto project.

6	 Rock glacier monitoring in the 
	 Hohe Tauern Range: A synopsis

The mean surface velocities of the four rock glaciers 
differ substantially. However, despite the substantial 
differences in absolute movement rates, flow com-
plexity or morphology, the acceleration or deceleration 
over time is rather synchronous. Results of correlation 
analyses between the mean movement rates of the 
four rock glaciers indicate strong and statistically sig-
nificant positive correlations for the rock glaciers with 
longer time series (DOE, HLK, WEI; r=0.80–0.97), and 
strong but partly insignificant correlations for the rock 
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glacier with a shorter time series (LEI; r=0.63–0.99). 
A synchronous movement pattern of rock glaciers in 
the European Alps has already been observed earlier 
based on data from France, Switzerland, Italy and 
Austria (Delaloye et al. 2008). This clearly indicates that 
climatic conditions are the main driver for changes in 
rock glacier velocity.

Changes in the movement rates might cause sub-
stantial changes in the geomorphology and acting 
processes of rock glaciers. Schoeneich et al. (2014) 
pointed out that changes in rock glacier dynamics 
range from moderate velocity variations to strong 
acceleration or even total collapse. In some cases 
downslope areas might be exposed to higher risks, 
including risks to people and infrastructure. The rock 
glaciers considered in our study in most cases pose 
no direct threat to infrastructure but may be a potential 
risk for hikers, e.g. where the trail crosses an unstable 
rock glacier or where rock falls in the nourishment area 
of a rock glacier threaten hikers below (e.g. at DOE).

7	 Conclusion and Outlook

This study gives an overview of different approaches 
for quantifying geomorphic changes and cartographic 

presentations of rock glaciers and their changes. We 
presented results of local-scale studies from four rock 
glaciers and results with a regional focus (test area 
125 km²). All rock glaciers studied are located in a high 
mountain area in central Austria. All rock glaciers – ir-
respective of local or regional scale studies – show 
an increase in movement rates during recent years.

We discussed the advantages and disadvantages 
of the different terrestrial, airborne and spaceborne 
methods currently in use, outlining the roles of total 
stations, GNSS-based positioning, digital photogram-
metry, laser scanning, and differential SAR interfer-
ometry for rock glacier monitoring. It was pointed out 
for instance that dense and area-wide information on 
rock glacier surface deformation can only be provided 
by image-based techniques or laser scanning. A high 
temporal resolution in movement data (despite lacking 
area-wide information) on the other hand can best be 
achieved by GNSS techniques. Ideally, several fixed 
GNSS receivers should continuously monitor rock 
glacier movement, an approach that is a subject of 
current research.

We conclude that appropriate cartographic visualiza-
tion is indispensable for good rock glacier research. 
The various methods of depicting rock glacier surface 
change in particular were discussed. Computer ani-

Fig. 9: 	 Mean flow velocity of active rock glaciers (movement >20cm/a) of the Central Schober Mountains for 
the time period 2002–2009. Indicated rock glaciers with numbers are: 2=HLK, 3=WEI, 4=LEI.
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mations using multi-temporal orthophotos or shaded 
reliefs were identified as powerful means to make the 
invisible visible.

Finally, we showed by a simple statistical analysis that 
the rock glaciers monitored changed their horizontal 
movement rates synchronously in recent years. Warm-
er years caused rock glacier acceleration whereas 
cooler years caused deceleration. This highlights the 
fact that rock glaciers can be regarded as essential 
climate indicators in high-relief terrain influenced by 
permafrost.
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