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Motivation

Nerea Ibarrola Subiza, Remote Sensing Technology Institute (DLR), 24-06-2025

(Piermattei, 2024)

Glacier mass balance from DEM differencing

Unfavorable TanDEM-X scene 

combinations might cause a bias 

in volume change estimates

Aug. 2011 – Jan. 2018

(different season – different 

signal penetration)

Mar. 2013 – Jan. 2018

(similar season – similar 

signal penetration)

differences 

due to signal 

penetration

A penetration bias correction increases the 

potential for TanDEM-X scene combinations 

and leads to increased temporal and spatial 

coverage of the world’s glaciers
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TanDEM-X DEM Change Maps (30m)
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▪ TanDEM-X Mission (bistatic mission started in 2010): 

▪ Global DEMs of unprecedented accuracy and quality

▪ Copernicus DEM derived from TanDEM-X Global DEM 

▪ TanDEM-X DEM Change Maps (Lachaise, 2023):

▪ Global DEM differences between:

▪ global TanDEM-X DEM (average of DEMs from 2010-2014)

▪ time-tagged DEMs from 2016-2022 

▪ Enable global monitoring of height changes over forest, 

glacier melting, etc. 

▪ Freely available for scientific 

and non-commercial usage Southern 

Pantagonian

Ice Field

Kaingoroa Forest 

Plantation,

New Zealand

Open-pit mines, 

Germany



TanDEM-X DEM Change Maps 
Time Series (current developments)
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▪ Shall allow to quantify changes and their volume over time worldwide

▪ Improvements compared to the released DEM Change Maps

▪ Comparison of time-tagged DEM mosaics ➔ precise time knowledge

▪ X-band penetration corrections

January-February 2019

January-March 2018

Childs, Miles, 

Bering Glaciers,

Alaska, USA

(Schweisshelm, 2023)

(Lachaise, 2024)



Methodology
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Interferometric Coherence

TanDEM-X InSAR Measurement

Source:  TanDEM-X Science DLR

Δℎ = −
ℎ𝑎
2π

arctan γ𝑣𝑜𝑙 −2 − 1

γ𝑣𝑜𝑙 =
γ𝑇𝑜𝑡

γ𝑆𝑁𝑅 γ𝑄𝑢𝑎𝑛𝑡 γ𝐴𝑚𝑏 γ𝑅𝑔 γ𝐴𝑧 γ𝑇𝑒𝑚𝑝

Volume Decorrelation

In bistatic radar systems like TanDEM-X, volume decorrelation can be derived from the interferometric 

total coherence by considering various decorrelation sources affecting the overall coherence.

Signal Penetration Correction

Used method to correct for SAR signal penetration bias: estimating volumetric coherence and inverting a 

simple physical model (Dall, 2007). This method allows estimating the penetration bias directly from the 

measured InSAR coherence, by assuming a uniform lossy scattering volume. The height of ambiguity is 

denoted as ℎ𝑎. 

γ𝑆𝑁𝑅 =
1

1 +
1

𝑆𝑁𝑅

𝑆𝑁𝑅 =
β0 − 𝑁𝐸𝐵𝑁

𝑁𝐸𝐵𝑁

(Rizzoli, 2022) 

(Dall, 2007) 

− temporal decorrelation γ𝑇𝑒𝑚𝑝 = 1.0

− decorrelation factors of SAR ambiguities γ𝐴𝑚𝑏, and of range and azimuth effects γ𝑅𝑔 γ𝐴𝑧 are set to 0.98

− decorrelation due to quantization effects γ𝑄𝑢𝑎𝑛𝑡 is provided by a lookup table. (Rizzoli, 2022)

− decorrelation factor resulting from thermal noise γ𝑆𝑁𝑅 is calculated from beta naught β0 and noise

equivalent beta naught 𝑁𝐸𝐵𝑁 annotations of the TanDEM-X DEM product. (Breit, 2010) (Airbus, 2014)
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Aletsch Glacier Test Site
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22 %

22 %

15 %

15 %

9 %
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TanDEM-X Scene Information

r_acquisition_start_time 2021-03-30T05:45:10.957079

r_acquisition_item_id 1772010

r_acquisition_swath stripFar_007

r_interferometric_mode Bistatic

r_itp_version 2.3.1

g_equator_crossing_direction D

g_incidence_angle_center 31.730339050

Volume Decorrelation Computation

Application: Signal Penetration Correction over a Glacier Area

Interferometric Coherence SNR Coherence Quantization Coherence Volumetric Coherence

Volumetric Coherence Signal Penetration

Δℎ = −
ℎ𝑎
2π

arctan γ𝑣𝑜𝑙
−2 − 1

(Dall, 2007) 
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Verification – TanDEM-X vs Pléiades DEMs
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dDEM: TanDEM-X – Pléiades (Bannwart, 2024)

dDEM: TanDEM-X – Pléiades (signal penetration corrected)

Elevation

Slope
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Verification – TanDEM-X vs Pléiades DEMs

A

A’
B

C

D

B’
C’

D’

dDEM dDEM + correction
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avalanche

avalanche
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Conclusions and Next Steps
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▪ A workflow to compute volume decorrelation layer has been implemented → DEM Change Maps Processing chain

▪ Aletsch glacier test site

▪ Overall, the application of the signal penetration correction reduces the difference between TanDEM-X and Pléiades DEMs

▪ Performance varies with elevation and terrain characteristics:

▪ in the lower glacier regions below 2300 m, the correction tends to overestimate the elevation bias, leading to
overcorrection.

▪ In the higher accumulation areas above 3000 m, fresh snow appears to be partially transparent to X-band SAR,
resulting in little to no impact on volumetric coherence and thus in an underestimation of the penetration bias.

▪ areas with steep slopes yield unrealistic penetration correction values, likely due to geometric distortions or
decorrelation effects.

Conclusion

Next Steps

▪ Verification of results in other sites – use of Pléiades Glacier Observatory (Berthier, 2024) and TanDEM-X Science Archive databases

▪ Application of signal penetration correction to DEM pairs → does it improve results when computing the difference?

▪ TanDEM-X DEM Change Map Products - Include a volume decorrelation layer  → Useful to different applications
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dDEM: TanDEM-X – Pléiades 

(signal penetration corrected)
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