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S1 Estimation of the inconsistency in the elastic effect

There is an inconsistency in the applied methodology when taking into account elastic deformations that occur

due to contemporary changes in ice mass (i.e. changes in uplift). One of the results of the data combination

is a smoothed IMC. However, the spatial resolution of the smoothed IMC is insufficient to account for the

true elastic effects observed with GNSS on bedrock. The true elastic effects would be underestimated, e.g.

in the vicinity of high-magnitude IMC at small spatial scales. For this reason, we determine a high-spatial

resolution elastic effect from the surface elevation changes and the FAC changes directly (Sect. 3). To do so,

we use the GIA result from the data combination to correct the altimetry data for GIA. However, this GIA

estimate is already based on the mentioned data sets, which is inconsistent. Figure S1 illustrates the elastic

effect that we calculate from the (smooth) IMC from the data combination. The figure additionally shows

the high-resolution elastic effect and a Gaussian smoothed variant of the high-resolution variant using the

Gaussian filter of the optimal result (135 km half-response width). The difference between the elastic effect

based on the smooth IMC of the data combination and the smoothed high-resolution elastic effect highlights

this inconsistency. It is less than 0.5 mm/a in magnitude at maximum and less elsewhere. From this, we

conclude that for investigations in this region it is only a relative minor effect that we can ignore. In regions

where signals with small magnitudes are present, iterations of the data combination as shown by Sasgen et al.

(2017) could minimize this inconsistency.

Figure S1: Comparison of the elastic-related bedrock motion: (a) a high resolution elastic bedrock motion based on
altimetry data that was corrected for GIA resulting from the data combination. (b) the same as in (a) but the Gaussian
smoother of the optimal result is applied (135 km half-response width). (c) A low resolution elastic effect that is estimated
directly from the IMC resulting from the data combination. (d) The difference (b−c) of these two variants. Note the
different value range in (d) to highlight the differences.
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S2 Supplemental figures

3400 3700 4000
effective GIA density in kg m 3

Figure S2: Map of the effective GIA density (Eq. 7), i.e. the ratio of GIA-induced surface density changes and GIA-
induced bedrock motion generated according to Riva et al. (2009).

(a) (b)

100 50 0 50 100
mm a 1

0.0 2.5 5.0 7.5 10.0
mm a 1

Figure S3: (a) Map of the smoothed rate of firn air content (FAC), i.e. a smoothed variant of Fig. 1c and (b) map of the
2-σ-FAC-uncertainty, FAC covariances are obtained from Willen et al. (2022).
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Figure S4: Mean rates with 2-σ-uncertainties from smoothed input data and the optimal data combination result (135 km
half-width Gaussian smoothing) along a transect through the Amundsen Sea Embayment, indicated with the red line in
the lower right corner inset. The transect start distance of 0 km (horizontal axis) corresponds to the black dot in the inset.
Surface density changes and surface elevation changes, i.e. mass changes and volume changes, are indicated with (m) and
(v), respectively, within the legend and refer to the left and right vertical axis, respectively.
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Figure S5: Comparison of bedrock motion at GNSS sites similar as illustrated in Figure 2c but showing the GIA-related
part only. Additionally we include the modelled GIA-related bedrock motion from Barletta et al. (2018) that best fits
GNSS data. For GNSS-sites with more than three years of continuous data the names are given in upper case.
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Figure S6: Comparison on time-series level of bedrock motion with 2-σ-uncertainties derived from the data combination
(blue) and from GNSS measurements (red) at all GNSS sites (Table 1).
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