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How can InSAR help landslide studies? 

Detection Mapping/Measuring 

Characterisation Long-term monitoring 



 

Fruneau et al., 1996 



 

Fruneau et al., 1996 



Landslide-related developments 

1996: Fruneau et al. 

1999: Rott et al. 

2001: Ferretti et al. 

2004: Hilley et al. Science 
2005: Strozzi et al.  
2006: Colesanti & Wasowski 
2007: TerraSAR-X and COSMO SkyMed 

2011: SAR sub-pixel offsets for landslides 

2000: Kimura & Yamaguchi  (+ SRTM) 



Landslide-related developments 

  
  

  
SkyMed 
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Limitations of InSAR 

Detection Mapping/Measuring 

Characterisation Long-term monitoring 

Coherence loss 
Bad geometry 

Scale 
 

(landcover, 
landslide speed, 
orientation, size, 
SAR resolution, 
wavelength, 
baseline and 
repeat interval)  

Atmosphere 
Ionosphere 

 
(Rate & scale of 

movement,  
SAR wavelength, 
landslide location)   

1-D sensitivity  



InSAR TS results (Badong, China) 

Liu et al., 2013. International Journal of Applied Earth Observation and Geoinformation 



Landslide Interpretations 

Tomás et al., submitted. Geophysical Journal International  
Liu et al., 2013. International Journal of Applied Earth Observation and Geoinformation 

North: 
 
 
 
 
 
 

Vertical:  

*requires E-W assumption 



Landslide Interpretations 

Tomás et al., submitted. Geophysical Journal International  
Liu et al., 2013. International Journal of Applied Earth Observation and Geoinformation 



Coherence loss and 1-D sensitivity 



Problems of coherence loss 

28th Apr  9th May 2009 9th  20th May 2009 20th  31st May 2009 



The use of corner reflectors  
in vegetated terrain 



The use of corner reflectors  
in vegetated terrain 



Range offsets   Azimuth offsets  

Sensor / Image Mode  
Mean 

difference 
(m)  

RMS 
Error (m)  

Mean 
difference 

(m)  

RMS 
Error (m)  

TSX Spotlight (corner reflectors)   0.012   0.015   0.052   0.057  

TSX Spotlight (natural reflectors)   0.466   0.522   0.662   1.122  

Accuracy assessment 



Vertical North 

Landslide interpretations 



Conclusions 

SAR/InSAR  
 

 
 
Current major limitations: 

Temporal resolution of SAR images (not suitable for early warning systems). 
Availability of highly reflective objects amongst dense vegetation. 

 
 

Comparisons: 

X-band (e.g. TerraSAR-X & CSK) L-band (e.g. ALOS 1-2) 

Shorter repeat interval Higher  displacement gradients 

High resolution Spotlight  mode Greater penetration of vegetation 

Transmission rate affected by rain  More affected by the ionosphere 

Still alive! Quad-Polarisation modes 



 

Systems 
Sentinel-1 satellite(s) 
ALOS 2 
TerraSAR-X2 
Radarsat Constellation 
 
Airborne SAR 
UAV SAR 

 
Ground-based SAR for more frequent monitoring 
 

 
Techniques 

Installation of artificial reflectors for high quality repeat 
measurements 
 
Data processing advancements? 
Automated-processing of global(?), regularly  

   acquired data 
 
 
 
 



Thanks for listening 
 

Comments / Questions? 

Andy Singleton 
a.singleton.1@research.gla.ac.uk 
 




