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Gössnitzkees (Schober Group, Hohe Tauern) –
A heavily debris-covered glacier in the context of climate change

The topic at hand is a current one in glacier and climate research. Due to the current climate and its changes, there are more and more glaciers covered in debris, not only in the Alps, but in all mountain ranges of the world. Mapping these glaciers is significantly more difficult compared to glaciers of the more familiar visual appearance. Deriving glacier-related parameters, such as changes in area and volume, is also more challenging.

The present research was conducted by myself and my colleague Andreas Kellerer-Pirklbauer. Andreas is a recognized expert in mountain permafrost and glaciology. He is also the coordinator of the Austrian Alpine Club's (ÖAV) glacier monitoring service. The glacier monitoring service is based in Graz, not Innsbruck. The Institute of Geography and Regional Science also conducts the annual measurements at the Pasterze. Incidentally, the Pasterze is a prime example of a partially debris-covered glacier. You are all familiar with the view of the Pasterze tongue from the Franz-Josefs-Höhe viewpoint: the orographically right part is covered in debris and is much thicker than the bare ice area on the left. Most visitors only perceive the bare ice area as the glacier tongue.

The Gössnitzkees lies in the Schober Group, south of the Glockner Group. It is the largest glacier in the area, with 30 peaks over 3000 meters, low glaciation, and small glaciers.

Description of the Gössnitzkees: almost completely covered in debris, the exact glacier extent is not visually discernible, even on site. Glacier retreat and permafrost degradation lead to increased rockfall. The Alpine Club trail over the Klammerscharte had to be closed. The photo shows the annual glacier survey using RTK-GNSS (glacier terminus measurement, movement measurement, ice thickness change). The glacier terminus was located at this point in the 1980s.

To support glacier research at the Gössnitzkees, the Graz Working Group for Permafrost and Glacier Research uses various measurement methods: geodetic measurements, terrestrial photogrammetry, TLS, aerial surveying (aircraft, drone), ALS, satellite surveying (optical sensors, RADAR), geophysical measurements (ground-penetrating radar, geoelectrics, hammer-seismics) and climate measurements (meteorology, ground temperature at different depths).

I myself began in 1982, more than 40 years ago, as a young geodesist, conducting glacier measurements in the Schober Group for the Austrian Alpine Club (ÖAV) together with G.K. Lieb from the Institute of Geography and Regional Science, University of Graz. These measurements were taken with measuring tapes. This work then evolved further in my professional career.

This presentation focuses on continuing the glacial history of the Gössnitzkees glacier, using analyses of current aerial photographs and geodetic measurements, and incorporating data from climate monitoring, such as temperature.

The results include changes in area and volume. The most recent aerial photographs are from 2021. The Gössnitzkees has broken up into four sections. Its current area is only a quarter of its 1850 extent (the last maximum extent, recognizable in the landscape by the prominent lateral moraines). The average rate of ice thickness loss is approximately 0.5 meters per year. The debris cover also allows for highly accurate motion measurement, i.e., the determination of 3D displacement vectors, all across the entire area. Therefore, it is possible to deduce the extent of the glaciated surface.

From the annual geodetic measurements (1996-2025, 30 epochs, 30-year climate normal in meteorology), we know of a significant decrease in ice thickness change and a significant decrease in movement rates/velocities. The measured variables are highly volatile. Only over longer periods do we recognize the climate signal, as with temperature. The ice thickness change is correlated with the degree of debris cover, and the velocity with the ice thickness.

How can we now describe the state or change of debris-covered glaciers?

· The Gössnitzkees demonstrates how debris-covered glaciers change under sustained warming: loss of area, fragmentation into smaller bodies, decrease in ice thickness, and sharply decreasing flow velocities.
· Remote sensing methods and geodetic measurements complement each other.
· A significant warming trend is evident in the ground and air temperature series.
· The rate of change in ice thickness is decreasing; the debris protects the ice from melting too quickly.
· Under the given climatic conditions, the formation of new permafrost is unlikely.
In some regions of the Eastern Alps, the disappearance of exposed ice is expected soon; however, radiation-protected, debris-covered remnants could persist for decades.
· Should the presented topic of glaciers have piqued your interest, I would be happy to discuss it in more detail.
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