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Timelapse of Crane Glacier 2015 - 2024
A timelapse image series was obtained from the Copernicus Browser (https://browser.dataspace.copernicus.eu) comprised of monthly Sentinel-1 images between January 2015 and January 2024. The timelapse illustrates the advance of Crane’s ice front up to the time of the sea ice disintegration in January 2022, followed by rapid retreat and subsequent calving events thereafter. 


Movie S1. Timelapse video showing the evolution of Crane Glacier between January 2015 and January 2024.
Monthly Averaged Ice Flow Velocities 2022


Movie S2. The left-hand panel shows the monthly averaged 2D velocity field over the near terminus region of Crane and ambient sea ice throughout 2022. The right-hand panel shows the change in velocity from the labelled date compared to the average velocity from the corresponding month from when the sea ice remained intact (2015-2021). The percentage change in velocities across both the terminus and grounding line locations are displayed in the panel sub-title. Velocity data in both panels is overlain on Landsat satellite imagery where available, with the solid black line showing a representative terminus position for the corresponding month. The dashed black line shows the grounding line location based on the input bedrock and ice elevation profiles. 
Sensitivity of Results to Bedrock Elevation Dataset
Large uncertainties are seen between different estimates of Crane’s bedrock elevation profile (Needell & Holschuh, 2023). The bed topography employed in our base case model configuration considered a high-resolution modelled bedrock DEM, constrained by ground based measurements (Huss & Farinotti, 2014) and merged with multibeam swath bathymetry measurements (Rebesco et al, 2014) which covered Crane’s outlet region up to the grounding line location in 2006, the time at which the measurements were taken. Despite this, recent work suggests that the position of Crane’s grounding line shortly before the sea ice disintegration was several kilometers further upstream (Wallis et al, 2024). We therefore assessed the sensitivity of our results to the estimated bedrock profile. Whilst our base case model configuration considers bed geometry most consistent with plausible bedrock elevations estimated from stacked radar data (Needell & Holschuh, 2023), our sensitivity experiment considered a shallower bedrock profile (Morlighem, 2022; Morlighem et al 2020), with the grounding line position closer to recent estimates (Wallis et al, 2024) (Fig. S3).
Our results are not significantly affected by the choice of bedrock elevation dataset (Fig. S4) with no impact on the key findings of the study. Mean buttressing numbers and their deviation from the base case results are given in Table S5. 
[image: ]
Fig. S3. Crane glacier captured by LandSat 9 (13/12/2021). The dashed lines represents the grounding line locations estimated through different modelled (Huss & Farinotti, 2014; Morlighem, 2022) and observational (Wallis et al, 2024) datasets.
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Fig. S4. The buttressing ratio, , was defined at 100m intervals along terminus positions derived from Landsat imagery representing the ice front in December 2021, January 2022, February 2022 and March 2022. Histograms of the buttressing ratios at these intervals for each month's terminus position are shown in panels a) - d) with a normally distributed probability density function overlain in red. The red dotted line shows the mean buttressing ratio. Panel e) shows the buttressing numbers in coloured bubbles along the terminus location with yellow, blue, cyan and red dotted lines showing the terminus location in December 2021, January 2022, February 2022 and March 2022 respectively. The dotted black line shows the grounding line.
Table S5. Mean buttressing numbers calculated across each terminus location considering modelled output from the base case and sensitivity experiments. 
	Terminus ID
	Mean Buttressing Number
	Error (%)

	
	Base Case
	Sensitivity
	

	December 2021
	0.68
	0.69
	2.21

	January 2022
	0.65
	0.71
	7.80

	February 2022
	0.66
	0.66
	0.46

	March 2022
	0.60
	0.60
	0.17


Sensitivity of Results to Measured Velocity Dataset
The buttressing number at a given terminus location is calculated from the horizontal resistive stress normal to the ice-front (Eqn. 4) which is in turn dependent on the rheology rate factor, A, returned from the model inversion. As the rate factor is optimized based on the measured velocity field over Crane and the ambient sea ice, we performed a sensitivity experiment to confirm whether the calculated buttressing numbers were independent of the chosen velocity field. Our base case results avoided the use of the January 2022 monthly averaged velocity dataset, as this partly accounted for time periods both prior to and following the sea ice disintegration thereby adding irregularities to the measured velocity field. We also discounted the use of the December 2021 dataset due to concerns that high errors downstream of the terminus location may influence the findings of the study, however the associated errors made this dataset an interesting sensitivity case to test the model’s capability of returning reliable rate factors across the model domain, independent of the input velocity dataset and error range. 
Our results are not significantly affected by the choice of input velocity dataset (Fig. S6) with no impact on the key findings of the study. Mean buttressing numbers and their deviation from the base case results are given in Table S7. 
[image: ]
Fig. S6. The buttressing ratio, , was defined at 100m intervals along terminus positions derived from Landsat imagery representing the ice front in December 2021, January 2022, February 2022 and March 2022. Histograms of the buttressing ratios at these intervals for each month's terminus position are shown in panels a) - d) with a normally distributed probability density function overlain in red. The red dotted line shows the mean buttressing ratio. Panel e) shows the buttressing numbers in coloured bubbles along the terminus location with yellow, blue, cyan and red dotted lines showing the terminus location in December 2021, January 2022, February 2022 and March 2022 respectively. The dotted black line shows the grounding line.
Table S7. Mean buttressing numbers calculated across each terminus location considering modelled output from the base case and sensitivity experiments. 
	Terminus ID
	Mean Buttressing Number
	Error (%)

	
	Base Case
	Sensitivity
	

	December 2021
	0.68
	0.69
	1.18

	January 2022
	0.65
	0.69
	5.20

	February 2022
	0.66
	0.66
	0.46

	March 2022
	0.60
	0.62
	3.01
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