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Methodology for ICESat-2 and the ArcticDEMs.
The ATL06 ICESat-2 footprints are sampled at 20 m along-track but use a linear fit over an along-track distance of 40 m (Smith et al., 2023). In cross-track the effective footprint appears to be slightly smaller than the pre-launch estimate of 17 m (Magruder et al., 2020) consequently we use a smoothing filter on the ArcticDEM heights with a half-power width of 12 m to approximately match the ICESat-2 footprint to the ArcticDEM data. Height sampling in the smoothed ArcticDEMs is maintained at 2 m in the ESPG 3413 polar stereographic projection. 
To minimize any bias error in the ArcticDEMs we use ICESat-2 data over an area of low slope ice in the middle of the basin and compare that with the smoothed ArcticDEM data interpolated to the positions of the ICESat-2 data. For example, we used ICEat-2 passes from 25 March and 23 April 2020 to correct the ArcticDEM from 13 April 2020. ICESat-2 data with height error estimates greater than 0.25 m were not used. Also, samples with a quality factor set to 1 in the HDF5 file were also removed due to the possibility of a problem in processing which might affect height accuracy (https://nsidc.org/sites/default/files/documents/technical-reference/icesat2_atl06_atbd_v006.pdf). The average difference between the 25 March ICESat-2 data (left beam 3) over the centre of the basin and the ArcticDEM values interpolated to the positions of ICESat-2 data is 0.64 m with a standard deviation of 0.42 m. And the difference between the April ICESat-2 data (left beam 2) over the centre of the basin and the same ArcticDEM is 0.77 m with a standard deviation of 0.38 m. However, these tests do not allow for height biases due to possible geocoding errors for the ArcticDEM or the ICESat-2 data. To check the registration between the two data sets the interpolated heights were compared to the ICESat-2 heights for the test segment over the ice as the position of the segment was moved in x and y. The segment position which yielded the lowest standard deviation of the difference was used as the criterion for the best registration between the two data sets. For the 25 March 2020 ICESat-2 data the best registration was obtained with shifts of 5.1 m and 0.7 m in x and y respectively leading to a revised height bias for the 13 April ArcticDEM of 0.75 m. Similarly, the revised height bias for the 13 April ArcticDEM based on the 23 April ICESat-2 data was 0.80 m. Based on these tests a bias correction of 0.78 m was then added to the 13 April 2020 ArcticDEM and this was then used as the reference DEM. While there is the possibility of a real change in surface height between the acquisition times of the ICESat-2 and the imagery required for the ArcticDEM, the results appeared to be as good as those obtained using a stable reference area. The problem with using a non-ice stable rock surface as a reference area is that in this area there are high slopes which increases the possibility of height errors. Also, the potential height error associated with errors in the geocoding is much larger due to the high slopes. 
When checking summer ArcticDEMs for possible height or geocoding biases an alternate approach was used. In this case the nunatak labelled ‘A’ in Figure 1b (at x = -3.985e5 and y = -7.265e5) was used as a stable reference area. The heights of an area from the nunatak on the corrected ArcticDEM from 13 April 2020 were used as a reference and subtracted from the equivalently masked area of the 13 July 2020 ArcticDEM. If the heights of the two stable test areas were equal and perfectly registered, then both the average difference and the standard deviation of the difference would be zero. If the heights were equal but the geocoding of one or both were in error, then the standard deviation would not be zero. To estimate the best registration between the two DEMs a minimization process was carried out to find the relative position of the test DEM sample with respect to the reference DEM which yielded the smallest standard deviation from the mean difference. In this example the minimum of the two-dimensional matrix describing the standard deviation was obtained with x and y shifts of 1.6 and 1.8 m respectively. The average height difference for the test area at the position of best registration was 5.9 m. This approach was used to illustrate the surface height change between the spring and the summer ArcticDEMs in 2020. This approach was repeated with another stable area with comparable shift and bias results. 
[bookmark: _Hlk197614920]With the exception of Figure 1a, all the images are referenced to the National Snow and Ice Data Center Sea Ice Polar Stereographic North projection (NSIDC EPSG:3413, as used in the ArcticDEMs) and the heights are in relation to the WGS84 ellipsoid.

MCoRDS ice sounder data
The MCoRDS ice sounder data was downloaded in MATLAB format using the following links:
https://data.cresis.ku.edu/data/rds/2014_Greenland_P3/CSARP_standard/20140401_03/Data_img_20140401_03_021.mat for the 2014 data and 
https://data.cresis.ku.edu/data/rds/2017_Greenland_P3/CSARP_standard/20170329_02/Data_img_20170329_02_033.mat for the 2017 data
The waveform data were converted to dB logarithmic form using  where   is the 2-dimensional variable for the sequence of waveforms. The waveforms contain the time delayed returns sampled at 30 MHz and are separated by 15 m in the along-track direction. Figure 5b includes two sets of 20 waveforms both from the centre and deepest part of the two basin transects in 2014 and 2017. Each of the waveforms included in Figure 5b have been referenced to the peak surface return, this means that any return at -20 dB is one hundredth the power returned from the surface and any return at -60 dB is one millionth the power of the surface return. The estimate of maximum ice thickness for the two passes assumes an ice permittivity equal to 3.14.
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