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Abstract The Ice Sheet Model Intercomparison Project for CMIP6 (ISMIP6) is the primary effort of
CMIP6 (Coupled Model Intercomparison Project–Phase 6) focusing on ice sheets, designed to provide an
ensemble of process‐based projections of the ice‐sheet contribution to sea‐level rise over the twenty‐first
century. However, the behavior of the Antarctic Ice Sheet beyond 2100 remains largely unknown: several
instability mechanisms can develop on longer time scales, potentially destabilizing large parts of Antarctica.
Projections of Antarctic Ice Sheet evolution until 2300 are presented here, using an ensemble of 16 ice‐flow
models and forcing from global climate models. Under high‐emission scenarios, the Antarctic sea‐level
contribution is limited to less than 30 cm sea‐level equivalent (SLE) by 2100, but increases rapidly thereafter to
reach up to 4.4 m SLE by 2300. Simulations including ice‐shelf collapse lead to an additional 1.1 m SLE on
average by 2300, and can reach 6.9 m SLE. Widespread retreat is observed on that timescale in most West
Antarctic basins, leading to a collapse of large sectors of West Antarctica by 2300 in 30%–40% of the ensemble.
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Key Points:
• Antarctic Ice Sheet mass loss and

associated uncertainty increase sharply
after 2100

• Ice streams feeding the Ross and
Ronne ice shelves experience
considerable and consistent grounding
line retreat for all ice sheet models

• On multi‐centennial timescales, un-
certainty in mass loss remains domi-
nated by the choice of ice flow model,
followed by the climate forcing
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While the onset date of retreat varies among ice models, the rate of upstream propagation is highly consistent
once retreat begins. Calculations of sea‐level contribution including water density corrections lead to an
additional ∼10% sea level and up to 50% for contributions accounting for bedrock uplift in response to ice
loading. Overall, these results highlight large sea‐level contributions from Antarctica and suggest that the choice
of ice sheet model remains the leading source of uncertainty in multi‐century projections.

Plain Language Summary Numerical models simulating the evolution of the Antarctic Ice Sheet
have mostly focused on the twenty‐first century. How the ice sheet will evolve after 2100 remains highly
uncertain, as several instability mechanisms could develop and destabilize vast regions of Antarctica. We
investigate here the behavior of the Antarctic Ice Sheet until 2300 using an ensemble of 16 different ice flow
models. The results show that the Antarctic contribution to sea‐level rise remains limited until 2100 but
increases rapidly afterward. The ice retreats in most basins of the West Antarctic Ice Sheet, and some numerical
experiments suggest a near‐complete collapse of this region by 2300. The time when these glaciers start
retreating varies depending on the choice of ice flow model, but the speed at which they retreat is consistent
among the models once the retreat begins. On a multi‐century timescale, the choice of ice sheet model remains a
leading source of uncertainties.

1. Introduction
The Antarctic Ice Sheet has undergone rapid acceleration, thinning, and grounding‐line retreat over the past few
decades, raising global mean sea level by 14 mm during 1979–2017 (Rignot et al., 2019; Shepherd et al., 2019).
Estimates of the Antarctic Ice Sheet contribution to sea‐level over the twenty‐first century vary from a few
millimeters to more than 1 m sea‐level equivalent (SLE, see Table A1 for the list of all acronyms used in the text,
tables and figures) and is the largest source of uncertainty in sea level projections (Cornford et al., 2016; DeConto
& Pollard, 2016; DeConto et al., 2021; Edwards et al., 2021; Ritz et al., 2015; Schlegel et al., 2018). Simulations
from the Ice Sheet Model Intercomparison Project for CMIP6 (Coupled Model Intercomparison Project–phase 6)
(Nowicki et al., 2016, 2020) suggested a sea‐level contribution from the Antarctic Ice Sheet between −5 and
43 cm SLE by 2100 in addition to the current background trend in response to past climate warming (Payne
et al., 2021; Seroussi et al., 2020). This projection was based on an ensemble of runs using 13 different ice sheet
models, all forced with similar oceanic and atmospheric conditions derived from the Coupled Model Inter-
comparison Project–phase 5 (CMIP5) and CMIP6 simulations (Barthel et al., 2020; Jourdain et al., 2020; Payne
et al., 2021). The results suggested that the large uncertainty in Antarctic evolution to 2100 is dominated by the
choice of ice‐flow models, the parameters they use, and initialization methods, but that the impact of the climate
forcing increases steadily until the end of the century (Seroussi et al., 2023). Rapid mass loss associated with
potential instability mechanisms, such as the Marine Ice Sheet Instability (Schoof, 2007; Thomas & Bent-
ley, 1978; Weertman, 1974) and the Marine Ice Cliff Instability (DeConto & Pollard, 2016; Pollard et al., 2015),
do not play a major role through 2100, but have been suggested to possibly happen after 2100 (DeConto
et al., 2021).

Some previous studies of multi‐century ice‐sheet evolution suggest that the Antarctic Ice Sheet could contribute
as much as 10 m SLE by 2300 under high‐emission scenarios (DeConto & Pollard, 2016; DeConto et al., 2021),
while others suggest a contribution of no more than 4 m SLE (Bindschadler et al., 2013; Chambers et al., 2022;
Coulon et al., 2023; Golledge et al., 2015; Greve et al., 2023; Klose et al., 2023; Lipscomb et al., 2021; Lowry
et al., 2021). The impact of the climate scenario, as represented by the choice of Representative Concentration
Pathways, is limited during the twenty‐first century, but starts to emerge around 2150 and quickly becomes an
important driver of the Antarctic Ice Sheet sea‐level contribution. Simulations from Lowry et al. (2021) point to a
multi‐meter gap between emission scenarios by 2300, from a mean of 1.0 m for the low‐emission scenario
RCP2.6 to 3.7 m for the high‐emission scenario RCP8.5. However, the climate forcing in these previous ex-
periments was not based on conditions simulated by climate models for the entire period, but rather on conditions
simulated for the twenty‐first century and then extended beyond 2100. The forcing after 2100 was either held
constant at conditions from the end of the twenty‐first century (Bindschadler et al., 2013; Chambers et al., 2022;
Lipscomb et al., 2021; Lowry et al., 2021), held at constant values after a certain atmospheric temperature
threshold was reached (DeConto et al., 2021), or extrapolated based on the twenty‐first century climate combined
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with indices from climate models run until 2300 (Greve et al., 2023). As the atmosphere and Southern Ocean
respond differently and on different time scales to climate warming, such extensions likely introduce short-
comings in the applied forcings. A number of global climate models with oceanic and atmospheric components
have been run until 2300 under low‐ and high‐emission scenarios as part of CMIP5 and CMIP6 (Tebaldi
et al., 2021), creating an opportunity to use consistent forcing for ice‐flow models over this longer period.

The extension of the shared socio‐economic pathway scenarios beyond 2100 is described in Meinshausen
et al. (2020). Under SSP5‐8.5, the emissions of greenhouse gases increase until the second half of the twenty‐first
century, then decrease linearly from 2100 to zero or very low values in 2250. The extended RCP8.5 (Repre-
sentative Concentration Pathway) scenario is similar in terms of carbon emissions, but keeps higher values of
other greenhouse gases until 2300. The extended SSP1‐2.6 and RCP2.6 scenarios correspond to emissions that
stabilize to very low values after 2100. Under the extended SSP5‐8.5 scenario, the Antarctic climate is much
warmer than today in 2300, with almost no sea ice remaining and annual surface air temperatures up to 20°C
warmer in some models (Mathiot & Jourdain, 2023).

In this study, we investigate the Antarctic Ice Sheet response to warming climate conditions until 2300 from an
ensemble of 16 ice‐flow models, using atmospheric and oceanic forcings derived from global climate model
simulations performed for CMIP5 and CMIP6 (Barthel et al., 2020; Eyring et al., 2016; Knutti et al., 2013) in a
framework similar to previous ISMIP6 studies (Goelzer, Nowicki, et al., 2020; Payne et al., 2021; Seroussi
et al., 2020). We refer to the previous Antarctic Ice Sheet model ensemble (Seroussi et al., 2020) as “ISMIP6
Antarctica 2100” and the new ensemble as “ISMIP6 Antarctica 2300.” Some experiments in the new ensemble are
based on climate forcing derived from simulations run until 2300, while others are based on 2080–2100 con-
ditions maintained beyond 2100, to compare the results with previous studies and investigate the impact of this
choice. Most experiments are based on high‐emission scenarios to assess vulnerable basins and provide upper
bounds on sea level contributions. Several experiments are also designed to investigate the impact of ice‐shelf
collapse and low‐emission scenarios. We describe the climate forcings and experimental protocol in Section 2
and list the ice flow simulations and model characteristics in Section 3. We analyze and discuss the resulting
large‐scale and local ice sheet changes and SLE contribution in Sections 4 and 5. We finish with general con-
clusions and implications for future research.

2. Climate Forcings
The forcing for ice sheet models is derived from selected global climate model simulations following the
approach used in ISMIP6 Antarctica 2100 (Barthel et al., 2020; Jourdain et al., 2020; Nowicki et al., 2020;
Seroussi et al., 2020). This forcing includes atmospheric and oceanic forcings, as well as prescribed ice‐shelf
collapse. This section summarizes the generation of these different forcings and the experiments performed
for ISMIP6 Antarctica 2300. More details on the forcing and climate model choices for ISMIP6 Antarctica 2100
can be found in Barthel et al. (2020), Jourdain et al. (2020), and Nowicki et al. (2020).

2.1. Selection of CMIP5 and CMIP6 Climate Models

Four global climate models are used to generate forcings for the ice sheet models: two CMIP5 models, the
Community Climate System Model (CCSM4) and the Hadley Center Global Environment Model (HadGEM2‐
ES), and two CMIP6 models, the Community Earth System Model (CESM2‐WACCM) and the UK Earth System
Model (UKESM1‐0‐LL). These four models were all used for ISMIP6 Antarctica 2100 and were chosen based on
the availability of extended simulations until 2300. One difference is that the extended CESM2 simulation uses
the Whole Atmosphere Community Climate Model (WACCM) atmospheric core that resolves the upper atmo-
sphere, while the CESM2 version used in ISMIP6 Antarctica 2100 was run with the Community Atmosphere
Model (CAM6) atmospheric core that does not resolve the upper atmosphere (Danabasoglu et al., 2020). The non‐
atmospheric CESM2 components are identical in the two cases. Three of these four models (HadGEM2‐ES,
CESM2‐WACCM, and UKESM1‐0‐LL) have equilibrium climate sensitivities, the change in the temperature in
response to a doubling in the atmospheric carbon dioxide concentration, at the upper end of the 90% confidence
interval estimated in the IPCC‐AR6 (Meehl et al., 2020).

These four models form the base of most experiments (Table 1). Two additional experiments are based on the
Norwegian Earth System Model (NorESM1‐M) with repeated forcing until 2300 to allow comparison with
previous results, since this model was a reference in the ISMIP6 Antarctica 2100 ensemble.
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2.2. Atmospheric Forcing

The derivation of the atmospheric forcing is similar to the approach described in Nowicki et al. (2020). It consists
of forcings providing the surface mass balance and temperature anomalies at the surface of the Antarctic Ice Sheet
compared to the reference period of 1995–2014. These files provide annual anomalies for the period 2015–2300.
The surface mass balance anomalies are based on the precipitation, runoff, evaporation, and sublimation
calculated by the global climate models and are provided as water‐equivalent quantities. These anomalies are
added to the reference surface mass balance used during model initialization, which varies among the ice sheet
models. All these global climate model simulations were run with fixed ice sheet topography, although the actual
Antarctic surface mass balance is influenced by changing surface elevation over time (Weertman, 1961). The
inclusion of a surface‐elevation feedback to correct the surface mass balance in response to changing ice sheet
geometry is left to the discretion of modeling groups.

2.3. Oceanic Forcing

The oceanic forcing is derived from global climate model outputs as described in Jourdain et al. (2020) and used in
ISMIP6 Antarctica 2100 (Seroussi et al., 2020). The ocean fields, including temperature and salinity, are first
extrapolated into ice shelf cavities and other areas outside the ocean domains in the global climate models, where
the ocean could advance during the simulations. Annual‐mean forcing files of ocean temperature, salinity, and
thermal forcing are provided for 2015–2300.

Ice flow models typically rely on sub‐shelf melt parameterizations to convert ocean thermal forcing to basal melt.
The choice and calibration of melt parameterization are left to the discretion of the modelers: they can be based on
the parameterizations proposed for ISMIP6 (Jourdain et al., 2020) or any other parameterizations (DeConto &
Pollard, 2016; Lazeroms et al., 2018; Martin et al., 2011; Pelle et al., 2019; Reese et al., 2018). The only constraint
is that these parameterizations must use the ocean conditions provided in ice shelf cavities. Unlike Seroussi
et al. (2020), we make no distinction between the ISMIP6 parameterizations and other approaches (i.e., no
“standard” vs. “open” parameterizations). The choice of sub‐shelf melting parameterization is treated as one of
many modeling decisions left to the discretion of the individual modeling group, similar to calving and sliding
laws.

Table 1
List of ISMIP6 Antarctica 2300 Experiments in Tiers 1 and 2, With Forcing Derived From Global Climate Model Simulations
From CMIP5 and CMIP6

Experiment Global climate model Scenario Forcing Ice shelf collapse Tier

Historical None None Free No Tier 1

ctrlAE None None Free No Tier 1

expAE01 NorESM1‐M RCP2.6 Repeat No Tier 1

expAE02 CCSM4 RCP8.5 To 2300 No Tier 1

expAE03 HadGEM2 RCP8.5 To 2300 No Tier 1

expAE04 CESM2 SSP5‐85 To 2300 No Tier 1

expAE05 UKESM SSP5‐85 To 2300 No Tier 1

expAE06 UKESM SSP5‐85 Repeat No Tier 1

expAE07 NorESM1‐M RCP8.5 Repeat No Tier 2

expAE08 HadGEM2 RCP8.5 Repeat No Tier 2

expAE09 CESM2 SSP5‐85 Repeat No Tier 2

expAE10 UKESM SSP1‐26 To 2300 No Tier 2

expAE11 CCSM4 RCP8.5 To 2300 Yes Tier 2

expAE12 HadGEM2 RCP8.5 To 2300 Yes Tier 2

expAE13 CESM2 SSP5‐85 To 2300 Yes Tier 2

expAE14 UKESM SSP5‐85 To 2300 Yes Tier 2
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2.4. Ice Shelf Collapse Forcing

Several experiments include ice shelf collapse due to hydrofracture (Pollard et al., 2015; Trusel et al., 2015). In
order to parameterize this process, regions with more than 72.5 mm of annual liquid water for 10 years or more are
considered prone to hydrofracture and therefore likely to collapse. This threshold is based on observations of
recent ice shelf collapse in the Antarctic Peninsula and simulated conditions from regional climate models in this
area at the time of their collapse (Trusel et al., 2015). It is identical to the condition applied in ISMIP6 Antarctica
2100 (Nowicki et al., 2020). Annual collapse masks are provided to specify the maximum extent of ice shelves at
a given time, based on the amount of liquid precipitation at the ice sheet surface. The amount of liquid water is
calculated based on the surface air temperature simulated by global climate models, using the nonlinear rela-
tionship between surface melting and summer air temperature derived in Trusel et al. (2015). This parameteri-
zation does not take into account the impact of water retention in firn (Donat‐Magnin et al., 2021; van Wessem
et al., 2023) or the required mechanical preconditioning (Lai et al., 2020) but can be easily included in a large
ensemble of ice sheet models (Nowicki et al., 2020).

2.5. List of Experiments

Table 1 lists the experiments included in ISMIP6 Antarctica 2300. There is a historical run, a control run, and 14
projection experiments. The historical run, historical, extends from the model initialization date (typically in the
late twentieth or early twenty‐first century) to the simulation start date of January 2015. Some groups initialize
their simulation to the beginning of 2015 and therefore do not submit a historical run. The other experiments,
including the control, run from January 2015 until the end of 2300. In the control experiment, ctrlAE, climate
conditions are unchanged and remain similar to the 1995–2014 period, with the exact surface mass balance and
ocean conditions left to the discretion of modelers.

The 14 projection experiments, expAE01–expAE14, are divided into Tier 1, with six core mandatory experiments,
and Tier 2, with eight additional experiments (see Table 1). These experiments are based on different global
climate model simulations from CMIP5 and CMIP6 as described above. Most use a high‐emission scenario
(RCP8.5 or SSP5‐8.5), while two experiments use a low‐emission scenario (RCP2.6 or SSP1‐2.6) for comparison.
The majority of experiments are forced with atmospheric and oceanic conditions simulated by global climate
models until 2300, but several experiments apply repeated forcing from years 2080–2100 for the final two
centuries to compare the results with previous studies more easily. In the latter case, years are selected randomly
from 2080 to 2100 to avoid repeating the same 20‐year patterns, and each ice‐flow model uses the same ran-
domized forcing. We refer to these experiments as “repeat‐forcing” experiments, as opposed to the “2300‐
forcing” experiments with global climate model forcing for the full period. Four experiments include ice shelf
collapse as an additional forcing.

In summary, the projection experiments include:

• eight 2300‐forcing experiments based on high‐emission scenarios: four with ice‐shelf collapse and four
without collapse;

• four repeat‐forcing experiments based on high‐emission scenarios;
• two experiments based on low‐emission scenarios, one with repeat forcing and one with 2300 forcing.

3. Ice Flow Models
3.1. Model Set‐Up

Similar to the philosophy adopted for initMIP‐Antarctica (Seroussi et al., 2019) and ISMIP6 Antarctica 2100
(Seroussi et al., 2020), there are no constraints on the methods or data sets used to initialize ice sheet models or the
way physical processes are parameterized. The initialization date is also left to the discretion of each group to
accommodate different modeling and initialization approaches, and allow the use of data sets registered to
different observational periods. The only requirements are the ability to simulate ice shelves and grounding‐line
evolution (regardless of the numerical scheme used to do so) and to apply the climate forcing provided. The
resulting ensemble includes a variety of model resolutions, stress‐balance approximations, initialization methods,
sliding and calving laws, and sub‐ice‐shelf melt parameterizations, representing the diversity of current ice sheet
models.

Earth's Future 10.1029/2024EF004561

SEROUSSI ET AL. 5 of 44

�����������������������������������������'�R
�Z

�Q
�O

�R
�D

�G
�H

�G
���I�U

�R
�P

���K
�W

�W
�S

�V
�������D

�J�X
�S

�X
�E

�V
���R

�Q
�O

�L�Q
�H

�O
�L�E

�U
�D

�U
�\���Z

�L�O
�H

�\���F
�R

�P
���G

�R
�L���������������������������(�)���������������E

�\���8�Q
�L�Y

�H
�U

�V
�L�W

�\���2�I���/�D
�S

�O
�D

�Q
�G

�����:�L�O
�H

�\���2�Q
�O

�L�Q
�H

���/�L�E
�U

�D
�U

�\���R
�Q

���>
���������������������@

�����6�H
�H

���W
�K

�H
���7�H

�U
�P

�V
���D

�Q
�G

���&
�R

�Q
�G

�L�W
�L�R

�Q
�V

�����K
�W

�W
�S

�V
�������R

�Q
�O

�L�Q
�H

�O
�L�E

�U
�D

�U
�\���Z

�L�O
�H

�\���F
�R

�P
���W

�H
�U

�P
�V

���D
�Q

�G
���F

�R
�Q

�G
�L�W

�L�R
�Q

�V
�����R

�Q
���:�L�O

�H
�\���2�Q

�O
�L�Q

�H
���/�L�E

�U
�D

�U
�\���I�R

�U
���U

�X
�O

�H
�V

���R
�I���X

�V
�H

�����2�$���D
�U

�W
�L�F

�O
�H

�V
���D

�U
�H

���J�R
�Y

�H
�U

�Q
�H

�G
���E

�\���W
�K

�H
���D

�S
�S

�O
�L�F

�D
�E

�O
�H

���&
�U

�H
�D

�W
�L�Y

�H
���&

�R
�P

�P
�R

�Q
�V

���/�L�F
�H

�Q
�V

�H



3.2. Participating Models

Table 2 lists the 16 modeling groups and ice sheet modelers who submitted simulations to ISMIP6 Antarctica
2300. The ensemble includes 12 different ice flow models, a range of model resolutions, and various stress‐
balance approximations, basal sliding laws, and sub‐ice‐shelf melt parameterizations.

Table 3 summarizes the main characteristics of the ice flow models, and Appendix C describes the models and
initialization methods (including the differences among ensemble members for a given model) in more detail.
Each group submitted between 1 and 11 sets of simulations, resulting in an ensemble of 43 sets of simulations.
The models are initialized using a combination of long spin‐ups, steady‐state conditions, Data Assimilation (DA),
and relaxation, with initialization years ranging from 1850 to 2015. The stress‐balance approximations include
combinations of the shallow Ice Approximation (SIA) and Shallow Shelf Approximation (SSA) (Bueler &
Brown, 2009), as well as higher‐order models (Blatter, 1995; Pattyn, 2003), and several depth‐integrated models
(Goldberg, 2011; Hindmarsh, 2004). The spatial resolution varies from 4 to 32 km for models with uniform grids.
For models with spatially varying resolutions, the resolution can be as fine as 0.5 km near grounding lines and in
shear margins, and as coarse as 200 km in the ice sheet interior. The sub‐ice‐shelf melt parameterizations include
linear dependence on thermal forcing (Martin et al., 2011), plume models (Lazeroms et al., 2018), the Potsdam
Ice‐shelf Cavity mOdel (PICO) (Reese et al., 2018), the Potsdam Ice‐shelf Cavity mOdel with plume (PICOP)
(Pelle et al., 2019), and quadratic local and non‐local ISMIP6 parameterizations (Jourdain et al., 2020). Various
schemes were used to adjust melt rates near grounding lines (Leguy et al., 2021; Seroussi & Morlighem, 2018).
Ice‐front evolution was based on a minimum thickness condition, a retreat‐only condition, strain rate (Levermann
et al., 2012), or von Mises stress (Morlighem et al., 2016). Several models kept their ice front fixed except when
prescribed by ice shelf collapse.

Unlike ISMIP6 Antarctica 2100, in which all simulations held the bedrock topography and ocean bathymetry
fixed, several models adjusted the bathymetry and bedrock in response to the evolving ice load. Bedrock uplift can
slow the retreat and mass loss of Antarctic ice streams and is important over a range of timescales (Adhikari
et al., 2014; Barletta et al., 2018; Gomez et al., 2010; Han et al., 2022; Larour et al., 2019). It also has implications
on how the sea‐level contributions are calculated (Adhikari et al., 2020; Goelzer, Coulon, et al., 2020). This
adjustment was based on either a viscoelastic deformable Earth model (Bueler et al., 2007; Lingle & Clark, 1985)
or an elastic‐lithosphere‐relaxing‐asthenosphere model (Le Meur & Huybrechts, 1996).

3.3. Model Outputs and Processing

Simulation results were submitted on a regular grid with a resolution of 4, 8, 16, or 32 km to be close to the
models' native resolution. Outputs included annual values of two‐dimensional fields and scalar quantities that
capture the geometric evolution, ice flow, and forcings, similar to previous ISMIP6 Antarctic efforts (Seroussi
et al., 2019, 2020). Scalar quantities (such as ice volume, ice volume above floatation, and ocean‐induced melt)
capturing the overall ice‐sheet evolution were reprocessed based on the two‐dimensional outputs for consistency
between models. Scalar values were also calculated separately for the West Antarctic Ice Sheet, East Antarctic Ice
Sheet, and Antarctic Peninsula using the Ice sheet Mass Balance Inter‐comparison Exercise 2 (IMBIE2) basins
(Shepherd et al., 2018).

4. Results
The results presented below are based directly on outputs from each experiment unless noted otherwise. Unlike
what was done in previous ISMIP6 publications (Goelzer, Nowicki, et al., 2020; Payne et al., 2021; Seroussi
et al., 2020, 2023), we do not subtract results of the control run. Since the forcing and changes until 2300 are large,
the trend in the control run contributes only a relatively small fraction of the changes, and we are focusing mostly
on substantial evolutions.

Many ice sheet modeling groups submitted several sets of experiments (e.g., 11 sets of experiments from
NORCE) with different model settings, in which case they were asked to identify one submission as their
“primary submission.” This decision was made by the modeling groups submitting several sets of experiments,
based on the differences between these submissions, the ability of the submissions to capture recent changes, and
their expertise. To assess the full range of uncertainty from the ensemble without giving too much weight to one
model, we present results in two forms: (a) using the primary submission from each group to provide an equal
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Table 2
Contributors, Modeling Groups, and Ice Flow Models for ISMIP6 Antarctica 2300 Projections

Contributors Group Ice flow model Institutions

Jake Twarog DC ISSM Dartmouth College, Hanover, NH, USA

Hélène Seroussi

Holly Kyeore Han DOE MALI U.S. Department of Energy, Los Alamos National Laboratory, Los Alamos,
NM, USA

Trevor Hillebrand

Matthew Hoffman

Justine Caillet IGE Elmer/Ice Institut des Géosciences de l'Environnement, Grenoble, France

Fabien Gillet‐Chaulet

Pierre Mathiot

Benoit Urruty

Nicolas Jourdain

Ralf Greve ILTS SICOPOLIS Institute of Low Temperature Science, Hokkaido University, Sapporo, Japan

Constantijn Berends IMAU UFEMISM Institute for Marine and Atmospheric research Utrecht, Utrecht University, The
Netherlands

Jorge Bernales

Roderik van de Wal

Christophe Dumas LSCE Grisli Laboratoire des Sciences du Climat et de l'Environnement, Université Paris‐Saclay,
France

Aurélien Quiquet

Gunter Leguy NCAR CISM NSF National Center for Atmospheric Research, Boulder, CO, USA

William Lipscomb

Heiko Goelzer NORCE CISM Norwegian Research Center, Bergen, Norway

Petra Langebroek

David Chandler

Gunter Leguy NSF National Center for Atmospheric Research, Boulder, CO, USA

William Lipscomb

Ann Kristin Klose PIK PISM Potsdam Institute for Climate Impact Research, Germany

Julius Garbe

Torsten Albrecht

Ronja Reese University of Northumbria, United Kingdom

Javier Blasco UCM Yelmo Universidad Complutense de Madrid, Madrid, Spain

Alexander Robinson

Jorge Alvarez‐Solas

Marisa Montoya

Tyler Pelle UCSD ISSM University of California, San Diego, CA, USA

Violaine Coulon ULB Kori Université libre de Bruxelles, Belgium

Frank Pattyn

Sainan Sun University of Northumbria, United Kingdom

Sainan Sun UNN Úa University of Northumbria, United Kingdom

Hilmar Gudmundsson

Chen Zhao UTAS Elmer/Ice University of Tasmania, Australia

Yu Wang

Rupert Gladstone Arctic Center, University of Lapland, Finland

Thomas Zwinger CSC IT Center for Science, Espoo, Finland
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weight to each modeling group and (b) including all the simulations submitted to capture the full range of results.
Table 3 higlights the main submision from each group and Table 4 lists all the simulations submitted.

4.1. Historical Period and Control Run

The historical period covers the time between the model initialization date and the start of the experiments in
January 2015. Since models have different initialization dates, the length of the historical period varies from
0 years (for UTAS_ElmerIce and VUW_PISM) to 175 years (for PIK_PISM). During the historical period, the
mass change varies between −880 and 303 Gt/year, respectively for UNN_Úa and LSCE_GRISLI, equivalent to
a sea‐level contribution between 2.4 and −0.8 mm/year (Figure 1a). The IMBIE2 (Otosaka et al., 2023) estimates
an Antarctic contribution to sea level increasing from 19 ± 39 Gt/year in 1997–2001 to 115 ± 55 Gt/year in 2017–
2020. All models show a relatively linear and monotonic change. The surface mass balance (Figure 1b) is very
similar for most simulations, as it is generally prescribed from regional climate models (Agosta et al., 2019;
Mottram et al., 2021; van Wessem et al., 2018). It shows a large interannual variability in most cases, except for
IMAU_UFEMISM and DOE_MALI, which used a constant surface mass balance over this period. Unlike the
surface mass balance, the sub‐ice‐shelf melt applied to the different models varies widely among the historical
simulations, from 10 to 3,080 Gt/year of melt overall (Figure 1c); observational estimates of sub‐ice‐shelf melt
vary between 700 and 1,500 Gt/year (Paolo et al., 2023; Rignot et al., 2013). The VUW_PISM simulation has
large interannual variations in both melting and refreezing, since basal melt is adjusted to reproduce the overall
Antarctic mass loss.

Figure 2 shows how well the models capture observed ice sheet conditions at the start date of January 2015. We
compare the initial ice thickness and velocity to observations from the BedMachine v2 and MEaSUREs
Antarctica data sets interpolated onto the same regular grid (Morlighem et al., 2020; Rignot et al., 2013). The
results show a root mean square error (RMSE) for ice thickness varying from 72 to 376 m. Models initialized
either with DA of present‐day conditions, or over longer periods but with the present‐day thickness as a target,
have the smallest errors. The RMSE for the ice velocity varies between 26 and 258 m/year. Models that assimilate
present‐day conditions have smaller errors, as expected. This ability to capture present‐day conditions has to be
balanced with the ability to capture recent changes, as representing both accurate ice sheet conditions and trends at
a given time demonstrates the reliability of ice sheet simulations.

In the control run, ice sheets evolve under constant climate forcing. Figure 1a shows the evolution between 2015
and 2300, for the main submissions. By 2300, the ice mass change varies from −7.7 · 104 to 15.9 · 104 Gt,
equivalent to a range from 210 mm of sea level rise to 440 mm of sea‐level drop. Most trends are linear, since the
applied forcing is constant and there is little interannual variability in surface mass balance or ice‐shelf melt
(Figures 1b and 1c). There are, however, large differences among models: the surface mass balance varies from
2050 to 3323 Gt/year and the ice‐shelf melt from 175 to 2040 Gt/year. The very high total surface mass balance
value of UCM_Yelmo comes from the larger ice shelves than present day in the control run; when the observed
present‐day ice extent is used for this calculation, the total surface mass balance for this model is much closer to
the others with a value of 2450 Gt/year. The models initialized with present‐day DA have the largest ice mass
changes; DC_ISSM has the largest loss and UNN_Úa the largest gain. Within an ensemble from the same model,
the mass changes can be either clustered or far apart, depending on the parameters varying between the
simulations.

Table 2
Continued

Contributors Group Ice flow model Institutions

Leopekka Saraste

Benjamin Galton‐Fenzi Australian Antarctic Division, Kingston, Australia

Jonas Van Breedam VUB AISMPALEO Vrije Universiteit Brussel, Belgium

Philippe Huybrechts

Daniel Lowry VUW PISM Antarctic Research Center, Victoria University of Wellington,

Nicholas Golledge and GNS Science, New Zealand

Note. Full model names and descriptions are provided in Appendix C.
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Table 3
Characteristics of Ice Flow Models Contributing to ISMIP6 Antarctica 2300

Ice flow model Numerics
Stress

balance
Resolution

(km)
Initialization

method
Initial
year

Melt in partially
floating cells

Ice
front

Ice shelf melt
parameterization

Bedrock
adjustment

DC_ISSM FE SSA 2–50 DA 2015 Sub‐Grid MH Quad. Non‐local No

DOE_MALI_4km* FE/FV HO 4–20 DA+ 2000 Floating condition RO Quad. Non‐local No

DOE_MALI_8km_Ant95 FE/FV HO 8–30 DA+ 2000 Floating condition RO Quad. Non‐local No

DOE_MALI_8km_AntMean FE/FV HO 8–30 DA+ 2000 Floating condition RO Quad. Non‐local No

IGE_ElmerIce FE SSA 1–50 DA 1995 No Fix PICO No

ILTS_SICOPOLIS FD Hybrid 8 SP+ 1990 Floating condition MH Quad. Non‐local ELRA

IMAU_UFEMISM1* FD/FV Hybrid 30–200 SP+ 2014 Floating condition Fix Quad. Local No

IMAU_UFEMISM2 FD/FV Hybrid 30–200 SP+ 2014 Floating condition Fix Quad. Local No

IMAU_UFEMISM3 FD/FV Hybrid 30–200 SP+ 2014 Floating condition Fix Quad. Local No

IMAU_UFEMISM4 FD/FV Hybrid 30–200 SP+ 2014 Floating condition Fix Quad. Local No

LSCE_GRISLI* FD Hybrid 16 SP+ 1995 Floating condition MH Quad. Non‐local No

LSCE_GRISLI2 FD Hybrid 16 SP+ 1995 No MH Quad. Non‐local No

NCAR_CISM1 FE/FV L1L2 4 SP+ 1995 Sub‐Grid RO Quad. Non‐local No

NCAR_CISM2* FE/FV L1L2 4 SP+ 2015 Sub‐Grid RO Quad. Local No

NORCE_CISM2 FE/FV L1L2 8 SP+ 1995 Floating condition RO Quad. Non‐local Slope No

NORCE_CISM3 FE/FV L1L2 8 SP+ 1995 Floating condition RO Quad. Non‐local Slope No

NORCE_CISM3_nonlocal* FE/FV L1L2 8 SP+ 1995 Floating condition RO Quad. Non‐local No

NORCE_CISM3_local FE/FV L1L2 8 SP+ 1995 Floating condition RO Quad. Local No

NORCE_CISM4 FE/FV L1L2 16 SP+ 1995 Floating condition RO Quad. Non‐local Slope No

NORCE_CISM4_nonlocal FE/FV L1L2 16 SP+ 1995 Floating condition RO Quad. Non‐local No

NORCE_CISM4_Local FE/FV L1L2 16 SP+ 1995 Floating condition RO Quad. Local No

NORCE_CISM4_JRA FE/FV L1L2 16 SP+ 1995 Floating condition RO Quad. Non‐local Slope No

NORCE_CISM5 FE/FV L1L2 32 SP+ 1995 Floating condition RO Quad. Non‐local Slope No

NORCE_CISM5_nonlocal FE/FV L1L2 32 SP+ 1995 Floating condition RO Quad. Non‐local No

NORCE_CISM5_local FE/FV L1L2 32 SP+ 1995 Floating condition RO Quad. Local No

PIK_PISM FD Hybrid 8 SP 1850 Floating condition StR PICO No

UCM_Yelmo FD L1L2 16 SP+ 1990 Sub‐Grid VM Quad. Non‐local ELRA

UCSD_ISSM FE SSA 3–50 DA 2007 Sub‐Grid Fix PICOP No

ULB_Kori1* FD Hybrid 16 DA* 1950 No Div PICO ELRA

ULB_Kori2 FD Hybrid 16 DA* 1950 No Div Quad. Non‐local ELRA

UNN_Úa FE SSA 1–40 DA 2000 No RO Quad. Local No

UTAS_ElmerIce FE SSA 1–25 DA 1995 Sub‐Grid Fix Quad. Local No

VUB_AISMPALEO FD SIA + SSA 20 SP 2000 N/A MH Quad. Non‐local No

VUW_PISM1* FD Hybrid 8 SP 2015 No StR Lin VE

VUW_PISM1_s1 FD Hybrid 8 SP 2015 No StR Lin VE

VUW_PISM1_s2 FD Hybrid 8 SP 2015 No StR Lin VE

VUW_PISM1_s3 FD Hybrid 8 SP 2015 No StR Lin VE

VUW_PISM1_s4 FD Hybrid 8 SP 2015 No StR Lin VE

VUW_PISM2 FD Hybrid 8 SP 2015 Yes StR Lin VE

VUW_PISM2_s1 FD Hybrid 8 SP 2015 Yes StR Lin VE

VUW_PISM2_s2 FD Hybrid 8 SP 2015 Yes StR Lin VE
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4.2. Evolution Until 2300 Under High‐Emission Scenarios

Under high‐emission scenarios, surface mass balance forcing from the four climate models is applied in a similar
way by all the ice sheet models, with relatively limited differences among ice flow models and similar interannual
variability patterns captured by all the ice models (Figure 3a). The initial surface mass balance in 2015 varies from
∼2,000 to 3,600 Gt/year, depending on the ice extent and the choice of reference surface mass balance. It in-
creases slightly until 2100 for all climate models, after which it stays relatively constant for CCSM4 but decreases
for the three other climate models. CESM2 has the largest surface mass balance decrease, driving a negative
overall surface mass balance for some ice models starting around 2200. CESM2 also has the largest surface mass
balance spread in 2300, from ∼−600 to 3,400 Gt/year.

Figure 3b shows the total ice‐shelf basal melt under evolving ocean forcing. In contrast to the surface mass
balance, total melt varies significantly among ice models for a given ocean forcing. The total melt increases
overall until 2100, after which the trend depends on the ice model and its response to the forcing. For some models
the melt continues to increase, while for others the initially higher melt rates decrease as ice shelves melt and thin,
and fronts retreat. Starting around 2150, the ice shelves in several simulations have entirely melted. There is no
clear pattern for simulations forced with the same climate model; the differences come primarily from ice model
differences such as the ice‐shelf geometry and the melt parameterization (Table 3). Ice shelf melting removes
mass from the ice sheet, but has a very limited direct effect on sea level, since the ice shelves are already floating.
However, these changes raise sea level indirectly by reducing buttressing for the ice streams that feed them (Reese
et al., 2017).

Figure 4 shows the Antarctic Ice Sheet mass change for the four Tier 1 experiments with high‐emission scenarios
extended to 2300 (expAE02–expAE05, one for each climate model). Mass loss is limited until 2100 but increases
rapidly thereafter. The overall change in ice mass above floatation between 2015 and 2300 ranges from −16 · 105

to 2 · 105 Gt, the equivalent of 4.4 m to −0.6 m of sea level rise. Both the climate and ice‐flow models introduce
large uncertainties. Forcing with CCSM4 leads to the lowest mass loss, between −0.6 and 1.9 m SLE. The other
three climate models lead to relatively similar mass loss, between −0.4 and 4.4 m SLE by 2300. Considering just
the main submission for each ice‐flow model, IMAU_UFEMISM has the lowest spread (0.9 m) for the four
experiments, from −0.44 to 0.45 m SLE, while ILTS_SICOPOLIS has the largest spread (2.5 m), from 1.9 to
4.4 m SLE. When all simulations are included, models with several submissions show a larger spread: the 11
NORCE submissions have a range of 3.3 m SLE, as do the 10 VUW submissions.

Figure 5 shows the changes in modeled sea level contributions at years 2100, 2200, and 2300 under high emission
climate forcings for the main three Antarctic regions: the West Antarctic Ice Sheet, the East Antarctic Ice Sheet,
and the Antarctic Peninsula. The West Antarctic Ice Sheet is the largest sea‐level contributor across all climate
models and time periods. By 2100, sea level changes are limited, with less than 0.1 m SLE for all regions;
HadGEM2 drives the largest mass loss for both West and East Antarctic ice sheets. The West Antarctic Ice Sheet

Table 3
Continued

Ice flow model Numerics
Stress

balance
Resolution

(km)
Initialization

method
Initial
year

Melt in partially
floating cells

Ice
front

Ice shelf melt
parameterization

Bedrock
adjustment

VUW_PISM2_s3 FD Hybrid 8 SP 2015 Yes StR Lin VE

VUW_PISM2_s4 FD Hybrid 8 SP 2015 Yes StR Lin VE

Note. For groups with multiple submissions, an asterisk (*) denotes the main submission. Numerics: Finite Difference (FD), Finite Elements (FE), and Finite Volume
(FV). Stress balance approximation: Shallow Ice Approximation (SIA), Shallow Shelf Approximation (SSA), Hybrid (combination of SSA and SIA), Higher‐Order
(HO) and depth‐integrated models (L1L2). Initialization methods: Spin‐up (SP), Spin‐up with ice thickness target values (SP+, Pollard & DeConto, 2012b), Data
Assimilation (DA), Data Assimilation with relaxation (DA+), and Data Assimilation of ice geometry (DA*). Melt in partially floating grid cells: Melt either applied or
not over the entire cell based on a floating condition (Floating condition), melt applied based on a sub‐grid scheme (Sub‐grid), and N/A refers to models that do not have
partially floating cells. Ice front migration schemes based on: strain rate (StR, Levermann et al., 2012), retreat only (RO), fixed front (Fix), minimum thickness height
(MH), von Mises (VM), and divergence and accumulated damage (Div, Pollard et al., 2015). Basal melt rate parameterization: linear function of thermal forcing (Lin,
Martin et al., 2011), Potsdam Ice‐shelf Cavity mOdel (PICO, Reese et al., 2018, 2023), Potsdam Ice‐shelf Cavity mOdel with Plume (PICOP, Pelle et al., 2019), ISMIP6
standard local (Quad. Local) and non‐local (Quad. Non‐local) quadratic parameterizations (Jourdain et al., 2020), and Non‐Local parameterization with slope
dependence of the melt (Non‐local Slope, Lipscomb et al., 2021). Bedrock adjustment: Elastic‐lithosphere‐relaxing‐asthenosphere model (ELRA, Le Meur & Huy-
brechts, 1996) and visco‐elastic deformable Earth model (VE, Lingle & Clark, 1985).
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loses mass for all climate models, while the East Antarctic Ice Sheet gains mass or experiences minimal changes.
Mass loss increases rapidly by 2200, reaching on average 0.2–0.5 m SLE for West Antarctica, while the average
East Antarctic changes vary between −0.2 and 0.2 m SLE, and the Antarctic Peninsula contribution remains
small. The spread associated with the different ice flow models is similar for the West and East Antarctic Ice
Sheets. The sea‐level contribution continues to increase rapidly until 2300, when the West Antarctic Ice Sheet
average is 0.6–1.3 m SLE, and much of the ice in this region has been removed. For East Antarctica, CCSM4
continues to show small changes and a large spread, while the other three models show a contribution of 0.3–
0.6 m SLE with a lower spread than in West Antarctica. The contribution from the Antarctic Peninsula again is
smaller; HadGEM2 and CESM2 have an average mass loss of 0.09 and 0.14 m SLE, respectively. When all the ice
simulations are included (Figure B1), the average contributions are similar for all regions and times, but the spread
increases significantly, especially for the East Antarctic contribution in 2100.

Figure 1. Historical and control experiments. (a) Evolution of volume above floatation (converted to mass in Gt and mm sea‐level equivalent [SLE]) compared to the
beginning of experiments in 2015, (b) Evolution of integrated surface mass balance over the ice sheet (in Gt/year), and (c) Evolution of integrated sub‐ice shelf basal
melt (in Gt/year, positive for mass loss). The period before 2015 (gray‐shaded) shows results from the historical simulations and after 2015 the control experiment with
constant climate conditions. Dashed lines refer to the models with one submission and solid lines refer to the main submission for models submitting an ensemble of
several sets of simulations. Bars on the right show the spread of the different variables in 2300 for the ice modeling groups submitting an ensemble of simulations: DOE
(3 ensemble members), IMAU (4 ensemble members), LSCE (2 ensemble members), NCAR (2 ensemble members), NORCE (11 ensemble members), ULB (2
ensemble members) and VUW (10 ensemble members). The length of the historical period varies between participating models and is truncated for PIK_PISM that
starts in 1850 (see Table 3).
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Figure 6 shows spatial patterns of the Antarctic Ice Sheet thinning (red shading) and thickening (blue shading) for
the ensemble mean, as well as the standard deviation of thinning, for the main model submissions under high‐
emission scenarios (expAE02–expAE05). By 2100, ice shelves thin up to ∼200 m, while grounded ice thin-
ning of ∼50 m is confined to coastal sectors of the Thwaites, Cook, and Totten glaciers, with limited changes
elsewhere. Thinning increases rapidly by 2200, with large portions of West Antarctica and coastal sectors of East
Antarctica thinning by more than 500 m. By 2300, grounded ice has thinned across the entire West Antarctic Ice
Sheet, with thinning of more than 1,000 m projected for Thwaites Glacier and for both grounded and floating ice
in the Filchner‐Ronne and Ross regions. There is also extensive thinning in the Wilkes and Aurora subglacial
basins (housing Cook and Totten Glaciers, respectively) that extends ∼400 km into the East Antarctic interior. By
2300, ice thickens by up to 200 m in large parts of the East Antarctic interior. The intermodel spread in the
ensemble is high in some regions; the standard deviation is comparable to the total thinning signal for Pine Island
and Thwaites glaciers in 2300. There is greater agreement for the Bungenstock Ice Rise (upstream of the Ronne
Ice Shelf) and Siple Coast (upstream of the Ross Ice Shelf), where thinning exceeds 1,000 m and the standard
deviation of the ensemble is �200 m. The standard deviation over the large ice shelves is low in 2300, when most
ice shelves have completely melted. Figure B2 shows results similar to Figure 6 but including all the submissions.

4.3. Extensive Regional Retreat

Figure 7 shows the percentage of the ensemble that projects retreat of currently grounded ice for the main
submissions under high‐emission scenario (expAE02–expAE05) in 2100, 2200, and 2300. In 2100, retreat is
mostly confined to the Bungenstock Ice Rise and Siple Coast, where up to 60% of the ensemble ungrounds. By
2200, ensemble retreat in these regions is more widespread and extends farther into the West Antarctic interior,
with 90%–100% of the ensemble ungrounding near the Bungenstock Ice rise and 80%–90% along the Siple Coast.

Figure 2. Root Mean Square Error (RMSE) between the observed and modeled ice thickness (a, in m) and surface ice velocity
(b, in m/year). Observations from BedMachine v2 data set for ice thickness (Morlighem et al., 2020) and MEaSUREs
Antarctica data set for ice surface velocity (Rignot et al., 2013) were interpolated to the grids used to submit results.
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Nearly all ensemble members simulate ungrounding of the Korff and Henry Ice Rises, which currently stabilize
the Ronne Ice Shelf. Less than 40% of the ensemble projects retreat of Thwaites and Pine Island glaciers at this
time. By 2300, however, this number increases to 80%, with 20%–30% simulating a collapse of Pine Island and
Thwaites glaciers. Furthermore, 90%–100% of the ensemble projects Siple Coast retreat up to ∼200 km upstream
from the present‐day grounding line. Along coastal sectors of the East Antarctic Ice Sheet, 60%–70% of the
ensemble projects extensive retreat of Moscow University Glacier, Totten Glacier, and the glaciers draining into
Queen Maud Land.

To further illustrate these spatial and temporal retreat patterns, Figure 8 shows the retreat for two high‐emission
scenario experiments (expAE03 and expAE04) for each model's main submission along three sections (red lines
in Figure 7d) taken through Thwaites Glacier, the Bungenstock Ice Rise, and the Siple Coast. In each panel, the x‐
axis denotes the distance from the present‐day grounding line (Morlighem et al., 2020), the y‐axis denotes the
simulation year (with time increasing upward), and each colored marker shows the position of the grounding line
along the flowline for each year of the simulation. That is, for a particular ensemble member, grounding‐line
retreat appears as colored markers shifting to the right in each panel, while grounding line stabilization ap-
pears as colored markers stacked vertically.

For Thwaites Glacier (panels a and d), about half of the models remain grounded near the present‐day grounding
line through 2300. For other models, retreat ensues primarily after 2100 and 2200 in these two high‐emission
scenario experiments (expAE03 and expAE04, respectively), with a consistent retreat of ∼3.5 km/year across
these models. The grounding line stabilizes on topographic highs and sections of prograde bed topography (bed
topography that slopes upward toward the ice sheet interior; see the brown shading at the bottom of Figure 8), with

Figure 3. Evolution of external forcing for experiments with high‐emission scenario and forcing simulated until 2300
(expAE02–expAE05): (a) surface mass balance and (b) total sub‐ice‐shelf melt applied during 2015–2300 in modeling
simulations. Results are shown for the main submission of each group. Bars on the right show the spread of results in 2300 for
simulations forced by each climate model.
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retreat sometimes extending ∼430 km upstream of the present‐day grounding line, to a topographic high at 700‐m
depth.

Along the Bungenstock Ice Rise, rapid retreat across smooth bed topography at the start of both experiments is
modeled in nearly all simulations. Retreat accelerates down the retrograde bed topography by more than 10 km/
year during 2100–2150 and 2050–2100 in expAE03 and expAE04, respectively. The grounding line stabilizes
about 300 km upstream on prograde bed topography in all simulations. Siple Coast retreat is more variable; the
retreat starts by 2150, progresses at rates of 0.8–1.5 km/year, and extends up to 420 km into the West Antarctic
interior. Unlike the retreat of Thwaites and Bungenstock, there is limited correspondence between retreat rates
and the bed topography, likely due to retreat and stabilization occurring in areas around the transect. Including all
the simulations leads to similar results (see Figure B3). Overall, these results highlight the heterogeneous nature
of retreat in different Antarctic basins and the importance of bed topography in controlling rapid and extensive
retreat.

4.4. Impact of Ice Shelf Collapse

Observations and modeling studies have shown the importance of ice‐shelf collapse on the Antarctic Ice Sheet
evolution (Hulbe et al., 2008; Khazendar et al., 2015; Pollard et al., 2015; Scambos et al., 2004; Schannwell
et al., 2018; Sun et al., 2020). We therefore included four experiments with ice‐shelf collapse prescribed based on
the presence of liquid water at the ice surface to test the influence of reduced buttressing from ice shelves
(expAE11–expAE14, see Table 1). Figure 9 shows the timing and spatial evolution of shelf collapse for each
climate model. The timing and spatial patterns vary significantly among the four models, but most regions with
floating ice experience some collapse by 2300. The collapse starts in the Antarctic Peninsula, where most ice

Figure 4. Evolution of volume above floatation (VAF) converted into mass (in Gt and m sea‐level equivalent [SLE]) for experiments with high emission scenario and
forcing simulated until 2300 (expAE02–expAE05). Cumulative evolution of VAF during 2015–2300 including only the main submissions (a) and all ensemble
members (c). Bars on the right show the spread of results in 2300 for simulations forced by each climate model. Change of ice VAF in 2300 compared to 2015 and
converted into mass (in Gt and m SLE) for each ice flow model for the four high‐emission scenarios with 2300 forcing (expAE02–expAE05) including only the main
submissions (b) and all ensemble members (d).
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