
Mapping Regional Deformation with InSAR
Tim J Wright1, Hua Wang1,2, Matt Garthwaite1, Carolina Pagli1,3

(1) School of Earth and Environment, University of Leeds, UK
(2) Dept of Surveying Engineering, Guangdong University of Technology, China
(3) School of Geography, Earth and Environmental Sciences, University of Plymouth, UK



Outline
•  Introduction
•  Measuring slow deformation with InSAR

- Deformation in central Tibet
•  Using InSAR to constrain large scale velocity fields

- Method
- Results from western Tibet

•  Conclusions and Outlook



GPS data from Gan et al., 2007 

• 
• 







GPS data from Gan et al., 2007 
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Wright et al., 2004, Science 

Altyn Tagh Fault: 5±5 mm/yr 
 
Karakoram Fault: 1±3 mm/yr 



Large areas – long swaths or 
multiple tracks 



Biggs et al., 2007; Elliott et al., 2008; Wang et al., 2009,2012. 

Used in this study 
Not used in this study Select interferograms 
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Initial Model based on GPS velocity field 



COMET+ Meeting January 2010 

Deformation across Central Tibet 
LOS Rate Std. Dev. 
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Comparison with block models 

Existing block models do not fit 
the InSAR observations of the 
interseismic velocity field 

Garthwaite et al, JGR 2013 
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England & Molnar, 2005, JGR 
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residuals model observed 



atmosphere orbit velocity 







Slip Rates Along the Karakoram Fault 

 

 

 

 



Velocity Profiles across Western Tibet 



Velocity Profiles across Western Tibet 



Left-Lateral Shear in A-/Descending Data Sets 



Cause: Postseismic transient 



 



GPS Only 

 



 
GPS + InSAR 



GPS data from Gan et al., 2007 
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 Data sets from Western and Central Tibet are 
incompatible with block models. 

 Presence of high strain zones is not predicted by Thin 
Viscous Sheet Models. 

 Velocity field shows long-lived post-seismic strain 
transients. 

  Is it possible to decouple earthquake cycle effects from 
secular strain? 







 Regular acquisitions from Sentinel-1 will allow us to 
measure line of sight deformation for all deforming zones. 

 Velocity field methods are one way of combining these 
data into a global, easy-to-understand product. 

 Additional information from InSAR is most valuable 
where there is limited GPS data. 

 We are funded to build a processing system for 
Sentinel-1 for the Alpine-Himalayan Belt and East African 
Rift. Results will be made available to the community. 



residuals fitted obs atm orb velocity 



residuals fitted obs 



atm orb velocity 



residuals fitted obs 



residuals fitted obs atm orb velocity 



residuals fitted obs 



atm orb velocity 



residuals fitted obs 



atm orb velocity 



Fault map from Taylor & Yin, 2009 



1. Microplate or block models 
 
2. Continuum models 

Slip rate along the full length of the 
ATF ordered by publication date (from 
Elliott, 2009)  

Fault slip rate: key evidence 
to distinguish these models 



Wang, Wright and Biggs, GRL 2009 

Interseismic Slip Rate of the Xianshuihe Fault (SE Tibet) from InSAR 



Interseismic Slip Rate of the Xianshuihe Fault (SE Tibet) from InSAR 



Interseismic Slip Rate of the Altyn Tagh Fault (Elliott et al, GRL 2008) 
 



Interseismic Slip Rate of the Altyn Tagh Fault (Elliott et al, GRL 2008) 
 

Slip rate = 11 ± 5 mm/yr  



offset 

?? 

Geological slip rate at Cherchen He 
(figure from Zhang et al., 2007) 




