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Sect. S1

Figure S1. A comparison between the recent observed evolution of Ryder’s calving front with a simulated front using the Von Mises calving
law. The 2008 position of Ryder’s terminus (black) is sourced from BedMachine v3 (Morlighem et al., 2017) and is taken as the initial ice
front position for our comparison simulation. The 2025 position of Ryder’s terminus (red) is taken from a Sentinel 2 satellite image dated
19-05-2025. The simulated 2025 position of Ryder (dashed orange) uses the Von Mises calving law with a threshold of 300 kPa. Surface
topography and ocean bathymetry are from BedMachine v5 (Morlighem et al., 2022).

Here we test whether the Von Mises calving law with σmax value of 300 kPa (Eq. 4), found to be a suitable tuning value
for the neighbouring Petermann Glacier (Åkesson et al., 2022), reproduces the contemporary evolution of Ryder Glacier’s
terminus. To do this, we run our ice sheet model from 2008 forward to 2025 and compare the position of the ice front to
observations. The initial ice front position and ice geometry are taken from BedMachine v3 which has a nominal date of 2008
(Morlighem et al., 2017). Figure S1 shows the position of the observed front in 2025 against our simulated front using the Von
Mises law with a σmax value of 300 kPa. The calving law reproduces the 2025 position well capturing the overall trend of
glacier advance during the 17 years. Although the centre of the ice tongue terminus is slightly too advanced, its margins, and
their connection to the fjord walls which offer buttressing, terminate in a similar position to that observed in 2025.
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Figure S2. A comparison between the geometry of the present day Ryder Glacier (light blue) and that of the glacier after running a
20,000 year spin-up forced with a YD climate for the differing SMB scenarios: High/Low (red), Low/Low (Orange), High/High (Green)
and Low/High (Blue). Bedrock data and the present day ice surface is from BedMachine v5 (Morlighem et al., 2022).
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Figure S3. Evolution of Ryder Glacier in 2D cross section views along the centre flowline during the Holocene at specific time stamps. Dates
of 10.3 ka (a-d), 8.9 ka (e-h), 3.9 ka (i-l) and 0 ka (m-p), represent specific landmarks in the evolution of Ryder as discussed in O’Regan et al.
(2021). Each row represents a different ocean forcing used in the transient simulation (Table ??), from top down this includes: Reference,
Calving_High, Calving_Low and both extreme High and Low Scenarios. Each plot contains the 4 different SMB scenarios: High/Low (red),
Low/Low (Orange), High/High (Green) and Low/High (Blue).
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Figure S4. Evolution of ice cover in the model domain during the Holocene simulations. Line colour defines the SMB scenario for the
transient runs: High/Low (red), Low/Low (Orange), High/High (Green) and Low/High (Blue). Each subplot represents a different ocean
scenario: (a) Reference, (b) Melt_Low, (c) Melt_High, (d) Calving_Low, (e) Calving_High and (f) both the extreme High and Low ocean
forcings. The dashed black line represent the contemporary percentage of the domain covered with ice, 72%.
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