
The height of ambiguity is denoted as ℎ𝑎. As in [5] the decorrelation factors are: γ𝐴𝑚𝑏, γ𝑅𝑔, γ𝐴𝑧 = 0.98,

γ𝑇𝑒𝑚𝑝 = 1.0 and γ𝑄𝑢𝑎𝑛𝑡 from a lookup table.

The 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. It becomes significant in the low
backscatter areas of the glacier (Fig. 4).
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Assessing the TanDEM-X elevation bias due to SAR signal penetration for glacier mass balance measurements

Introduction
The elevation bias due to signal penetration in InSAR DEMs is recognized as a main error source together with
co-registration for estimating glacier mass balance with the DEM differencing method. For TanDEM-X DEMs,
the elevation processed from X-band (9.65 GHz) SAR data can lie up to 4-8m lower than the actual snow/ice
surface in alpine accumulation areas (Fig. 1) [1]. However, this bias can often be mitigated by differencing
TanDEM-X acquisitions from the same season with unchanged SAR geometry, reducing penetration
differences between DEMs. The relative importance of SAR signal penetration for accurate mass balance
measurements also reduces with the length of the observation period.

γ𝑣𝑜𝑙 =
γ𝑇𝑜𝑡

γ𝑆𝑁𝑅 γ𝑄𝑢𝑎𝑛𝑡 γ𝐴𝑚𝑏 γ𝑅𝑔 γ𝐴𝑧 γ𝑇𝑒𝑚𝑝
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Method
Common methods to correct for SAR signal penetration bias include estimating volumetric coherence and
inverting a simple physical model [2] or predicting penetration corrections from an empirical model [3,4]. We
use the former, which allows estimating the penetration bias directly from the measured InSAR coherence, by
assuming a uniform lossy scattering volume (Fig. 2).

Results & Conclusion
In this alpine test case over the Aletsch glacier, the applied correction based on volumetric coherence generally
reduces the elevation bias due to SAR signal penetration and partly reduces the trend with elevation (Fig. 3&7).
However, performance varies with elevation and terrain. 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. Conversely, in the lower glacier regions
below 2300 m, where the scattering scenario likely deviates strongly from the model assumptions, the
correction tends to overestimate the elevation bias, leading to overcorrection. Additionally, areas with steep
slopes yield unrealistic penetration correction values, likely due to geometric distortions or decorrelation
effects (Fig. 5&8). DLR Project
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Here we validate the resulting penetration correction Δℎ, from inversion of volumetric coherence γ𝑣𝑜𝑙 across
an entire TanDEM-X scene (30 March 2021 , 5:45 CET) of Aletsch glacier with a coincident DEM acquisition
from Pléiades optical imagery (30 March 2021 , 10:40 CET) [1].


