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Elevation retrieval from CryoSat-2: data filtering approach

After the application of Eq. (1) to our selected CryoSat-2 dataset, we apply a series of quality filters to remove unrealistic
elevation estimates from poorly constrained model fits. In order to identify these unrealistic elevation estimates, we introduce
constraints based upon (i) data availability, (ii) data quality and (iii) physical plausibility (Table S1). Controls on data availability include a minimum number of data points, and length of the elevation time series within each grid cell. In each case,
threshold values have been tested and found to be optimal. A minimum of 15 data points, and time series length of at least 2
years ensures that each model fit is constrained by sufficient data. We remove poorly constrained fits by introducing thresholds
on the goodness of fit, with maximum values of the root mean squared difference of the elevation residuals from the model fit,
and 1-sigma uncertainty in the elevation rate being 10 m and 0.4 m yr−1 , respectively. Finally, we remove any estimates that are
not physically plausible. Maximum rates of elevation change have been reported to be 9 m yr−1 in Antarctica (McMillan et al.,
2014), so we remove any elevation rate estimate with a magnitude exceeding 10 m yr−1 . In addition, we impose a maximum
quadratic surface slope value of 5 ◦ to maintain physically plausible glacier driving stresses — averaged over the grid cell
resolution — which are controlled by the slope.
After data filtering, the model fit provides an elevation estimate for 60 %, 91 % and 94 % of grid cells within the Antarctic
ice sheet at resolutions of 1 km, 2 km and 5 km, respectively. For the Antarctic ice shelves, 75 % and 98 % of grid cells at
resolutions of 1 km and 2 km, respectively, contain an elevation estimate from our model fit approach after quality filtering has
been applied.
Table S1. Selection criteria used to remove elevation estimates resulting from poorly constrained model fits.
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Parameter

Selection criteria

Number of data points
Time series length (yrs)
Root mean squared difference of elevation residuals from model fit (m)
1-sigma uncertainty in dh/dt (m yr−1 )
dh/dt (m yr−1 )
Surface slope (◦ )

≤ 15
≤2
≥ 10
≥ 0.4
≥ 10
≥5

Backscatter correction to elevation change time series

We correct for temporally correlated fluctuations in changes in elevation and radar backscatter, known to introduce spurious
signals in time series of elevation obtained using satellite radar altimetry (Wingham et al., 1998; Davis and Ferguson, 2004;
Khvorostovsky, 2012). To apply this correction (Eq. (S1)), we first compute the correlation gradient in elevation as a function
of power, dh
dp , using a linear fit in each grid cell over a 60-month time window. We then multiply time series of changes
in backscattered power dp by this gradient to estimate the backscatter correction term, which we remove from our original
elevation change time series dh.

dhcorrected = dh − (dp

dh
)
dp

(S1)
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DEM difference maps

Figure S1. Maps of differences calculated between the new CryoSat-2 DEM described in this manuscript, and the three publicly available
DEMs used in Figure 8 (Bamber et al., 2009; Fretwell et al,. 2013; Helm et al., 2014). In each case the previously published DEM is
resampled to the posting of the new CryoSat-2 DEM, and differences calculated as the resampled DEM subtracted from the new CryoSat-2
DEM.
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Product format
– DEM and supplementary grids (slope, grid cell data composition, uncertainty, smoothed DEM) available in netcdf and
geotiff formats
– Projection: Polar Stereographic
– Ellipsoid: WGS-84
– Standard latitude: -71 °
– Central meridian: 0 °
– Minimum x value: -2819500 m
– Minimum y value: -2419500 m
– Grid spacing: 1000 m
– Coordinate convention: Grid coordinate values relate to the centre of each grid cell
– Number of rows: 4840
– Number of columns: 5640
– DEM units: metres
– Data format: big-endian IEEE 4-byte floating point format, no data value is NaN
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