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Å Study Approach 

Å Study Region and Field Sites 

Å Surface Elevation: ICESat Time Series vs. TanDEM-X DEM 

Å Dh TDM ςCryosat for Ice and Firn Areas  

Å X-band Penetration for Different Firn Morphologies 

Å Relations between Penetration Bias and Interferometric Signals 

    Contents of Presentation 

Satellite Data Base for the Study: 

Å TanDEM-X: Single-pass InSAR (9.6 GHz) 

      CoSSc data and DEMs 2013/14 & Dec 2016 to Feb 2017 

      TDM Global DEM (based on multiple acquisitions 2013/2014) 

Å ICESat: Multiple tracks, 2003 to 2009 

Å CryoSat: (13.8 GHz) L-2 surface elevation (SARIn), 2010-2014 
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Study Approach  

Criteria for Selection of the Study Area 

ÅReference surface defined by precise laser altimetry data ­ ICESat 

ÅStudy area with stationary surfaces (dh/dt º 0 since 2003) 

ÅShould include different snow morphologies and bare ice surfaces 

ÅAvailability of logistic support  

Field Measurements (December 2016) 

Å Snow and firn stratigraphy and structure in snow pits (sites with 
different accumulation rates and wind exposure) 

Data Analysis 

Å Derive elevation difference Dh = hICESat - hTDM along ICESat tracks 

Å Use data over blue ice area as reference for vertical co-registration of 
the ICESat (reference surface) and TDMglob DEMs 

Å For the blue ice area (dominated surface scattering) zero penetration 
for TDM is assumed (penetration bias Dhp = 0)  
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Study Site: Union Glacier (80ϲS, 83ϲW) 



H. Rott                  FRINGE 2017 Workshop                                              7 June 2017 5 

  ALE Base Camp and Runways 
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  ICESat Tracks and Field Sites 

Landsat-8  6 Dec. 2016  

A1 

U4 

U3 

U2 

A3 X1 

Blue ice 
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  TanDEM-X Amplitude Image and Global DEM  
 
 
 

HH & VV 
6 Dec 2016 
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Elevation Change 2011- 2013 by TDX DEM Differencing 

TanDEM-X DEM 

9 June 2011 

processed by 

DLR-IMF 

TanDEM-X scenes 

DV= 4.54 km3/yr  
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Rott et al., GRL  2014  http://glacapi.enveo.at 

Total Change (Basin 1 to 8) 

DV = -4.54  ° 0.39 km3/yr 

DM = -4.21 ° 0.35  Gt/yr 

Reference Surface for Dhp = 0 : Blue Ice 
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  Comparison ICESat ς TanDEM-X / Temporal Stability 

 
 
 
 

Dz (ICESat-TDMglobal) 
Tracks across blue ice field 

DZ0 (ICESat-TDMglobal) blue ice 
     2005  -6.86 m 
     2008  -6.84 m 
     2009  -6.62 m 
Blue ice: no radar signal penetration, Dhp = 0 

Mean offset ICESat - TDMglobal   DZ0 = -6.8 m 

Dz (ICESat-TDMglobal ) 
ICESat tracks across Union Glacier near U4 
Firn area 

04-
2003 

05-
2004 

09-
2005 

11-
2006 

12-
2006 

03-
2007 

12-
2008 

0.10m 0.13 -0.02 0.19 0.09 0.01 0.23 

U4: Mean Dz = 0.10 m  (°0.12 m) 
Dhp= DZ0 - Dz = - 6.9 m  
 Local bias due to radar penetration 

Dz (ICESat-TDMglobal ) for repeat  track  

Dz [m]  Dz [m]  
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   Comparison TDM Global DEM - CryoSat 
 
 UG1 

UG2 

UG3 

Areas for Comparison: 
 
UG1: accumulation rate 
          ba º 200 mm/yr 
 
UG2: accumulation rate 
          ba º 150 mm/yr 
 
UG3: Blue ice 
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   Comparison TDM Global DEM - CryoSat 
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Nr. of Cryosat points 

Mean Dh(TDM ς CS2): 6.03 m 
 
With TDM DZ0 = -6.8 m: 

Dh(TDM ς CS2) = -0.77 m 
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All CS2 points with æDh¼ > 20 m 
excluded. 

UG1: Mean TDM ς CS2: 1.29m 

With TDM DZ0 = -6.8 m: 

 Dh(TDM ς CS2) = -5.51 m 

 
Difference TDM / CS2 due to 
penetration Dhp º -5 m. 

Dh [m] 

Dh [m] 

Nr. of CryoSat points 
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X3 Driscoll Glacier 
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U2 Union Glacier 
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  Differences in Stratigraphy and Penetration 

Dhp = -6.5 m, site on firn plateau Dhp = -4.9 m, firn area on main glacier 

ba º 350 mm/yr ba º 150 mm/yr 
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  Snow Morphology 
 
 
 
 

A1 (heavy wind exposure) 
Solid faceted crystals  

U3 near Camp, 50 cm depth 
Grain size ¢ 1 mm 
   


