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Ritigraben rock glacier is located above Grächen
in the southwestern Swiss Alps and it creeps into
the top of the steep Ritigraben gully, where debris
flows have been triggered in the past (Stoffel et al.
2005). Borehole temperature measurements carried
out since 2002 in this ice-rich permafrost feature show
that an intra-permafrost seasonal talik has formed
regularly since 2006 at a depth of 11-12 m, caused
by snow melt and precipitation flowing through the
ice-rich permafrost in summer (Zenklusen Mutter and
Phillips, 2012).
We used terrestrial laser scanning, mono-plotting

of time-lapse photography, an in-situ GPS device
and satellite SAR interferometry (InSAR) to invest-
igate the dynamics of the rock glacier and possible
influences of the seasonal talik. These measurement
systems complement one another in terms of temporal
and spatial resolution, as well as accuracy.

Terrestrial laser scanning (TLS) provided high res-
olution and high accuracy 3D creep velocities on an
annual basis for the whole rock glacier (Kenner et al.,
2014, see right part of fig. 1). This dataset is appropri-
ate to determine the exact behaviour of this creeping
permafrost feature at time scales relevant for long
term monitoring and to draw conclusions for natural
hazard safety or tourist infrastructure projects.
An L1 in-situ GPS sensor with integrated inclino-

meter (Wirz et al. 2013) provides data with a much
higher temporal resolution exposing significant creep
velocity variations albeit for a single point only. It
provides information on the seasonal or even intra-

seasonal creep behaviour and allows to determine
whether rock glacier creep is coupled with environ-
mental influences such as precipitation.

Time-lapse photography is less dependent on meas-
urement redundancy than GPS and can therefore
potentially provide even higher temporal resolutions,
depending on the creep velocities. A 2D creep vec-
tor field in global coordinates has been generated by
mono-plotting the creep rates obtained by time-lapse
photography onto the TLS digital elevation model
(left part of fig. 1). Depending on the image geometry,
the accuracy of the velocities obtained varies more
strongly at the point scale than that obtained with
GPS. However time-lapse photography mono-plotting
provides area-wide information with a high temporal
resolution. This is not only of interest for research
purposes but also for practitioners, as short term
local accelerations or rock falls from the rock glacier
tongue can be captured and easily interpreted using
the image information.

Satellite InSAR provides rock glacier surface velo-
city measurements during summer when the slopes are
not snow covered. With TerraSAR-X satellite data
the creep of the entire rock glacier can be mapped
at a spatial resolution of about 10 metres and with
a temporal resolution of 11 days, depending on data
availability. The InSAR measurements complement
the other velocity measurements and support the de-
tection of monthly, seasonal and yearly creep velocity
variations.
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Figure 1: Creep rates of rock glacier Ritigraben calculated from time lapse photography (left) and laser scan (right).
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