33.1 Introduction and Motivation

Rockslides have a high socioeconomic and environmental
importance in many countries. Norway is particularly sus-
ceptible to rockslides due to its steep mountains, and it is
therefore very important to identify and monitor potential
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Abstract

Satellite and ground-based interferometric radars have the potential to measure the
displacement of active rockslides. Data describing the spatial- and temporal displacement
patterns of a rockslide are essential contributions to the total understanding of a rockslide.
A better overview of the kinematics will in turn improve the quality of a risk assessment. In
this study we have processed TerraSAR-X satellite data, collected since 2009, from both
ascending and descending satellite tracks together with ground-based interferometric radar
observations of an active rockslide in Northern Norway. Findings show that both the satellite
and the ground-based data delimit the active rockslide area and that the displacement rates are
highest in the upper part of the rockslide. In the lower parts of the rockslide, the displacement
pattern shows a possible compressional toe-zone together with a fast moving lobate shaped
landform.
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unstable rock slopes. The Lyngen region in Troms County
has an unusually high density of large unstable rock slopes
(Blikra et al. 2006; Osmundsen et al. 2009). In this study, we
take the example of an unstable rock slope referred to as
“Gamanjunni3.” (Bunkholt et al. 2011).

In order to fully understand the kinematics and geometric
configurations susceptible for sliding, it is imperative to
obtain precise measurements of deformation taking place in
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potential unstable rock slopes. Geodetic techniques, such as
the use of Global Navigation Satellite Systems (GNSS)
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makes it possible to detect both spatial and temporal dis-
placement patterns related to rockslides (Lauknes et al. 2010;

Geological Survey of Norway, Trondheim, Norway Henderson et al. 2011; Lauknes 2011).
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By using an in situ ground-based radar imaging system,
most of these limitations can be overcome. Ground-based
systems can be installed to optimize imaging geometry,
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Fig. 33.1 Location of
Gamanjunni3 rockslide with Line
of Sight (LOS) of the available
radar datasets

increasing sensitivity to deformation along the line-of-sight
(LOS). The shorter wavelength also provides higher sensi-
tivity to motion. Ground-based interferometric radar systems
are complementary to spaceborne InSAR because data can
be acquired continuously in order to track rapid deformation
and mitigate the effects of temporal decorrelation and
atmospheric phase variability.

33.2 Study Area

The Gamanjunni3 rockslide is situated on the west-facing valley
side of Manndalen, in Troms County in Northern Norway. This
locality is under investigation by the Geological Survey of
Norway and preliminary calculations suggest a maximum col-
lapse volume of 3.8 Mm® (Henderson et al. 2010). The upper
part of the Gamanjunni3 consists of a block, ~300 m in north
direction, ~200 m in east direction and ~200 m in vertical
direction that has moved down an approximately 40 degree
sliding plane. Horizontal displacement is 120 m and vertical
displacement is 100 m. The overall morphology resembles a
complex slide with large moving intact blocks, fast moving
talus lobes, ridges, anti-ridges, benches and more intact bedrock
with congruent cracks opening.

33.3 Methods and Available Data

TLS LiDAR investigations (Bunkholt et al. 2011) have
revealed eight different sets of discontinuities in addition to
the foliation. The most important structures controlling the
wedge-formed geometry are the back-scarp and the south-
east-bounding lateral release surface.

We have processed displacement data from three different
LOS directions (Fig. 33.1). TerraSAR-X satellite stripmap
data in both ascending and descending geometries over the

Lyngen area has been collected since 2009. This radar
operates at X-band (9.6 GHz). The satellite has a repeat
cycle of 11 days. Images have been collected during the
snow-free season.

During six weeks in July and August 2012 we observed
the Gamanjunni3 rockslide using the GPRI (Gamma Por-
table Radar Interferometer) instrument developed by Gamma
Remote Sensing AG (Werner et al. 2008, 2009). This
instrument operates at Ku-band (17.2 GHz) and has mea-
surement sensitivity better than 1 mm. The radar data were
acquired with a temporal sampling as often as every three
minutes. All satellite data have been processed using a
Persistent Scatterer Interferometry (PSI) algorithm imple-
mented in the GSAR software package (Larsen et al. 2006).

33.4 Results and Discussion

Figure 33.2 illustrates some of the results we have obtained.
Figure 33.2a shows the area of the rockslide. Figure 33.2b
shows the LOS deformation calculated from a single, 21-day
interferogram generated from the GPRI data. Negative dis-
placements (red) are towards the instrument. Figure 33.2¢
shows the average LOS velocity over four years calculated
from the ascending TerraSAR-X data. Figure 33.2d shows
the average LOS velocity over four years calculated from the
descending TerraSAR-X data. For the satellite data, negative
values are away from the satellite. The area of movement is
clearly defined in all three datasets.

The displacement maps produced from the satellite and
ground-based interferometric radar data (Fig. 33.2b—d) delimit
the active rockslide area observed in the field and from or-
thophoto. The displacement rates are highest in the upper part
of the slide confirming field observations. In the bottom part
the data show patterns that can originate from a toe-zone. The
lower part of the slide contains a fast moving lobate shaped
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Fig. 33.2 Gamanjunni3 (a)
rockslide. a Area of the rockslide.
b GPRI data from 21-day
interferogram. Red 25 mm
towards radar. Blue 15 mm away
from radar. ¢ Mean descending
TerraSAR-X data (2009-2012).
Red 9,5 mm/y away from radar.
Blue 16 mm/y towards radar.

d Mean descending TerraSAR-X
data (2009-2012) Purple

68,5 mm/y towards radar. Blue

8 mm/y away from radar

landform, visible in the high velocity area in (Fig. 33.2b). It
has the characteristics of a rock glacier with steep front and a
rough surface with large blocks floating on top.

33.5 Summary and Conclusions

Satellite interferometric synthetic aperture radar (InSAR) data
is very useful for detecting, characterizing, and quantifying
the stability of large rockslides. In particular, high-resolution
spaceborne SAR systems such as RADARSAT-2 and Terra-
SAR-X are well suited for monitoring displacements at fine
spatial and temporal scale. However, spaceborne InSAR
systems are constrained by the specific SAR imaging geom-
etry and relatively long revisit times. In the future we will be
able to compute the absolute movement directions in the areas
of overlap by combining the data from all sensors along the
various LOS. This will reveal even more details about the
displacement patterns and kinematics of moving areas.

The next step will be to combine all datasets to find the total
displacement vector. With the help of geometry, the horizontal
and vertical displacement components together with the
direction of the total displacement vector can be found.
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