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Affects: 
Navigation of the marine traffic in 

polar regions 
Interaction between atmosphere, 

ice, and ocean 

Sea ice deformation/stress 

Inhomogeneous drift of sea ice 

Change of sea ice 
concentration  

Change of  sea ice 
thickness 

Opening / closing of 
leads 

Formation of shear- 
 or pressure- ridges 

Causes: Results in: 

Sea Ice Deformation 

Viewgraph prepared by Jakob Griebel, AWI 



Example: Shear 

Sea ice pattern matching algorithms  retrieval of the sea ice drift field 

Detection of Drift- & Deformation 

Sea ice deformation causes temporal variations of recognizable patterns 
Example: Divergence 

Drift-detection algorithm have to take sea ice deformation into account  
Viewgraph prepared by Jakob Griebel, AWI 



Improvement of algorithm through explicitly considering deformation patterns 

Detection of Drift- & Deformation 

A1 – pattern matching, A3 = A1+median filter and reliability assessment,  
A5 = A1+reliability assessment + segmentation of windows around deformation zones 
 

Griebel, J., Dierking, W., A method to improve high-resolution sea ice drift retrievals in 
the presence of deformation zones, Remote Sensing 2017 (under review, minor 
revisions) 



Characteristics of Ice Ridges (1) 

Retrieval of Sea Ice Topography  



Characteristics of Ice Ridges (2) 

Retrieval of Sea Ice Topography  

vertical resolution 0.5 m or better 

horizontal resolution: 5 m or better 

Strub-Klein & Sudom, Cold Regions Science and Technology 82, 2012 



Using Interferometric SAR? 

Retrieval of Sea Ice Topography  

             Across-track and along-track interferometry 
 
- sensitive to topography        - sensitive to movements 
- not sensitive to motion         - not sensitive to topography 

 



InSAR: numbers for different mission scenarios? 

Retrieval of Sea Ice Topography  

Dierking et al., The Cryosphere Discussions, 2017 



Interferometroc Baseline And Height Sensitivity 

Retrieval of Sea Ice Topography  

Favourable conditions for 
retrieval of surface elevation: 

• long baseline Bn 

• short radar wavelength 

• low orbit 

• steep incidence angle 

 

BUT: critical baseline 

=> loss of coherence! 

 



Optimal Baseline (1) 

Retrieval of Sea Ice Topography  



Optimal Baseline (2) 

Retrieval of Sea Ice Topography  



Optimal Baseline (2) 

Retrieval of Sea Ice Topography  

Single satellite platform possible?  
Perhaps Ka-band(?) Otherwise: no way!  
Satellite tandem required! 



Realization of Large Normal Baselines in Space (1) 

Retrieval of Sea Ice Topography  

Krieger et al., Trans. Geoscience and Remote Sensing, Vo. 45, No. 11, 2007 
Krieger et al., presentation Fringe 2009  

Baseline 
changes as a 
function of 
latitude! 



Tandem-X Science Phase: Landfast Ice Surface Topography 

Retrieval of Sea Ice Topography  

Dierking et al.,  
The Cryosphere,  
2017 



Realization of Larger  Normal Baselines in Space (2) 

Retrieval of Sea Ice Topography  

Tandem-X bistatic mode:  
along-track baseline variation between  ±2 x vertical baseline  
Example: VB 300m, ATB 0 at poles, ±600m at equator 
 

Maurer et al., SpaceObs Conference, Korea 2016 



Influence of Along-Track Baseline 

Retrieval of Sea Ice Topography  

Critical ATB causing phase shifts => 0.5m height change 

Movement or topography? 

Dierking et al., The Cryosphere Discussions, 2017 
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