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INTRODUCTION Large-scale rock slope instabilities are widespread in alpine regions, and accurate assessment of their surface displacement is necessary to interpret the associated hazard potential. Satellite SAR interferometry (InSAR) is 
an attractive and popular technology, which has been widely applied using C-band Sentinel-1 data. The inherent limitations related to the high frequency, however, result in a limited performance in vegetated and fast-moving areas and 
call for the use of lower frequency sensors such as L-band. Within the MODULATE project, we explore the potential and limitations of satellite and terrestrial L-band radar for specific use in alpine landslide monitoring. In preparation for 
the upcoming Copernicus Sentinel-1 Expansion mission ROSE-L, we aim to define guidelines on the use of multi-frequency and multi-platform radar products to interpret slope deformation in different phases of monitoring.

DATA + METHODS We consider spaceborne L-band ALOS-2 PALSAR-2 and SAOCOM-1 data from ascending and descending orbits since 2014. In addition, we use terrestrial L-band measurements acquired with the carborne GAMMA L-
band SAR (GLSAR) instrument. The radar data is analysed using Differential InSAR methods including Persistent Scatterer Interferometry (PSI), stacking and Small Baseline Subset (SBAS) interferometry as well as wrapped differential 
interferograms. The results are compared to existing C-band Sentinel-1 data (e.g., the European Ground Motion Service, EGMS) and are currently being validated with ground-truth.

Valle Spluga, Regione Lombardia, Italy
Comparison between ALOS-2 PALSAR-2 and Sentinel-1 data:
L-band PSI results enable the detection of large landslides that are not 
visible in C-band data (EGMS). The lower frequency detects surface 
motion in vegetated areas as well as high displacement rates.

Val Canaria, Ticino, Switzerland
Comparison between low and high temporal sampling rate:
SAOCOM-1 increases the point density compared to ALOS-2 PALSAR-2 
due to its shorter acquisition intervals. The main landslide of interest 
remains undetected in PSI due to high velocities and requires use of 
alternative methods such as SBAS. The high temporal sampling rate 
enables the detection of non-linear motion on the order of several 
centimetres per year. L-band thus shows relevant potential for 
monitoring of inter-annual changes in landslide displacement.  

Brienz/Brinzauls, Grisons, Switzerland
Comparison between PSI and stacking and use of terrestrial data:
The landslide displacement is clearly too fast to be resolved with PSI even at L-band 
and requires alternative methods such as stacking. The upper parts of the landslide 
move too fast at the given temporal baselines and remain unresolved. 

Ą L-band data significantly enhances information on surface motion in 
alpine regions and is a crucial addition to C-band data.

Ą Terrestrial L-band measurements with the GSL-1 provide additional information 
on fast-moving areas and highlight the need for multi-platform analyses.

Ą L-band data enables detection of non-linear motion of landslides and 
shows potential for use in monitoring programmes. 

KEY MESSAGE Our findings highlight that a multi-frequency and multi-platform approach coupled with the use of multiple InSAR techniques enables the best coverage and extraction of ground displacement information in alpine regions. 
Our results can support the efficient planning and utilisation of future L-band SAR missions (e.g., ROSE-L) in services for landslide monitoring. 

Terrestrial Gamma L-band SAR (GLSAR) results 
show good capabilities to detect fast motion 
and enable better identification of the 
different landslide compartments. 
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