A history-matching analysis of the Antarctic Ice
interglacial — Part 1: Ice sheet evolution
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Figure S1: AntICE2 observational constraint database used to history match the Glacial Systems Model. a - f) are the site locations and
identification numbers for past ice thickness data (paleoH), past ice extent data (paleoExt), ice core borehole temperature profiles
(ICbore) and names, present-day uplift rates (rdotGPS), and past relative sea level data (paleoRSL) respectively.



Boundary + initial
conditions

Boundary + initial
conditions

Climate System

Atmospheric forcing
Glacial index scheme
Fully parametrized climate
mean PMIP3 climate + EOFs
Energy balance model

lce Sheet System

Ice dynamics
Hybrid ice physics (SIA+SSA)
Glen's flow law
Subgrid GL migration scheme
Subgrid pinning points

Basal environment:
Bedrock cubic power law
Parameter controlled high order till
power law deformation
Basal hydrology
Subglacial sediment produc-
tion/transport/deposition

]

!

Ice thermodynamics
Vertical + horizontal advection
Vertical diffusion
Arrhenius relation
Surface thermodynamics
Bed thermodynamics
Permafrost

Boundary + initial
conditions

Blending forcings together via parametersj
N\,

Oceanic forcing
Ocean temperatures TraCE-21ka
Far-field sea-level change

Surface mass balance
Positive degree day with variable degree day factors

Sub-ice-shelf mass balance
Ocean temperature dependent SSM scheme
Ocean temperature melt enhancement from

meltwater drainage

Iceberg calving
Strain rate divergence crevasse propagation

Hydrofracture
L ice cliff failure )
Ice geometry chan ges
Orographic changes
Albedo changes

QOcean channel changes
Meltwater routing
Surface load changes

Solid Earth System

Glacial isostatic adjustment
Bedrock displacement
Spherically symmetric visco-elastic Earth
First-order geoid correction
Full graviationally self-consistent calculations in post

Near-field sea-level change )
L

Geothermal heat flux

Seimic and magnetic inferences

Figure S2: Diagram summarizing major components of the Glacial Systems Model (GSM).
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Figure S3: Distribution of output metrics and scores for the full ensemble (blue), not-ruled-out-yet (NROY) AN3sig sub-ensemble
(orange), and NROY sub-ensemble high variance subset (red).
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Figure S4: Distribution of output metrics, scores, and ensemble parameters (detailed in Table 1) for the full ensemble (blue), not-ruled-
out-yet (NROY) AN3sig sub-ensemble (orange), and NROY sub-ensemble high variance subset (red).
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Figure S5: Distribution of ensemble parameters (detailed in Table 1) for the full ensemble (blue), not-ruled-out-yet (NROY) AN3sig sub-
ensemble (orange), and NROY sub-ensemble high variance subset (red).
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Figure S6: Distribution of ensemble parameters (detailed in Table 1) for the full ensemble (blue), not-ruled-out-yet (NROY) AN3sig sub-
ensemble (orange), and NROY sub-ensemble high variance subset (red).



0.08
a0 —— NROY AN3sig HVSS 3.0 —— NROY AN3sig HVSS —— NROY AN3sig HVSS
. === AN Full Ensemble WS AN Full Ensemble 0.07  www AN Full Ensemble
. I NROY AN3sig subensemble 25 NROY AN3sig subensemble 008 NROY AN3sig subensemble
2.0
220 = 5,005 I
2 2.5 = ] 2 008
815 a mpl 8
003
10 1.0
III 0.02
05 05 l
’ .II- L I 0.01
]
0.0 “I. !! 0.0 I-------- 0.00
1.0 1.5 2.0 25 3.0 35 4.0 45 X 0.2 0.4 0.8 0.8 1.0 60 80 100 120 140
rHhpO rToceanWrm earthLT
200 —— NROY AN3sig HVSS ~—— NROY AN3sig HVSS
175 ™ ANFullEnsemble 012w AN Full Ensemble
) NROY AN3sig subensemble I NROY AN3sig subensemble
1.50 0,10
z1.25 20,08
2 I Z
3100 & 0.06
0.75
0.04
0.50 | |
0.25 i 002 !I I I
0.00 000 W= =
1 2 3 4 5 0 20 40 60 80
earthUV sarthLV

Figure S7: Distribution of ensemble parameters (detailed in Table 1) for the full ensemble (blue), not-ruled-out-yet (NROY) AN3sig sub-
ensemble (orange), and NROY sub-ensemble high variance subset (red).
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Table S1: The thresholds imposed on the AntICE2 data-model scores in the history matching analysis. The thresholds to define the
AN4sig and AN3sig sub-ensembles are based on internal/external discrepancy bias corrections plus 4 or 3 multiples of the standard
deviations, respectively.

Constraint datatype Score Bias Standard deviation
Present-day WAIS H RMS (waisRMS) 0 161
Present-day EAIS H RMS (eaisRMS) 16 135
Present-day Floating ice H RMS (fltRMS) 34 65
Present-day Ice shelf score (ShSc) 0 1
Present-day PD grounding line score (GLscor) 0 1

Borehole temp Borehole ice temp score (Tbm) 0 1
Borehole temp Ice core site H diff score (Hc) 0 1
Paleo extent Marine extent score (Mar) 0.14 1.04
Paleo ice thickness Deglaciated no ice score (nolce) 0.22 1.02
Paleo ice thickness Glaciation ice score (Ice) 0.15 1
Paleo RSL RSL score (RSL) -0.1 1.01
GPS Uplift rate score (Rdot) -0.02/0.06 1.06
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Figure S9: High variance subset (HVSS; N=18) of simulations in the not-ruled-out-yet (NROY) AN3sig sub-ensemble.
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Figure $10: Metric/score-parameter correlation heat map of not-ruled-out-yet (NROY) AN3sig sub-ensemble.
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Figure S11: NROY AN3sig sub-ensemble deglacial ice thickness difference for the interval of a-c) 16-14 ka d-f) 14-12 ka g-i) 12-10 ka j-
1) 10-8 ka and their respective grounding lines for the ensemble mean (leftmost column), -20 bound (center column), and +20 bound
(rightmost column).
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Figure S12: NROY AN3sig sub-ensemble deglacial ice thickness difference for the interval of a-c) 8-6 ka d-f) 6-4 ka g-i) 4-2 ka j-1) 2-0 ka
and their respective grounding lines for the ensemble mean (leftmost column), -2c bound (center column), and +20 bound (rightmost
column).



