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Round 1 

Overall Comments 

This manuscript assesses how different sub-shelf melting schemes used to spin up ice-
sheet models lead to similar but not identical initial ice-sheet states. This impacts 
considerably projections of the Antarctic ice sheet’s contribution to future sea-level rise. 5 

The issue of initialization was treated in part by initMIP-Antarctica but given that 
different models with different setups were used within that project, the specific effect 
of different initial conditions was not isolated. This study is interesting because it 
represents a further step in this direction. A better characterization of initial conditions 
should help to reduce uncertainties in projections. I think this result deserves to be 10 

conveyed. However, I have a few major issues that prevent me from accepting this 
paper at this stage. 

First, the methodological approach needs to be explained in more detail. Right now it 
is unclear to me what experiments have been done: have the authors used the data from 
Lowry et al (2021) for their comparison or have they redone simulations using the same 15 

basal melting scheme as in that study? This is critical because to be sure that the results 
shown are only due to the different sub-shelf melting initialization the experiments 
would need to be redone with exactly the same model version and configuration. 

Response: We thank the reviewer for thoughtful and constructive comments, which 
have helped us significantly improve the manuscript. 20 

1. Based on the publicly available input data and scripts from Lowry et al. (2021), we 
reproduced one set of their experiments using the same ice-sheet model (PISM v.1). 
Lowry et al. (2021) selected four key parameters controlling ice-sheet dynamics in 
PISM (sia_e, ssa_e, q, phi) for parameter optimization and identified the 
combination yielding the smallest deviation from observation (2.4, 0.6, 0.25, 10). 25 

To ensure the successful replication of the simulation results using this optimal 
parameter set, we engaged in extensive email correspondence with Prof. Lowry. 
Through multiple rounds of communication, he provided detailed guidance on 
parameter configuration and result validation, enabling us to accurately reproduce 
the experiments. 30 

2. Upon reproducing the complete and systematic optimal parameters configuration 
from Lowry et al. (2021), we conducted another simulation using the same input 
data and atmospheric conditions, but applying different oceanic boundary 
conditions derived from observed sub-ice shelf basal melt rates. This approach 
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ensures that any differences in initial state originate solely from variations in 35 

oceanic conditions, rather than other factors. 
3. Following your suggestion to enhance the manuscript's structural clarity, we now 

refer to the initialization experiment using observed basal melt rates via Eq. 1 as 
“S1”, and the experiment reproducing LOW21 using TF-linear parameterization 
via Eq. 2 as “S2”. This new term has been used consistently throughout the revised 40 

manuscript. As shown in Fig. R1a, S2 illustrates the process of reproducing these 
optimal parameter-based simulations of LOW21. 

4. The study by Lowry et al. (2021) did not utilize a scheme based on observed sub-
ice shelf basal melt rates. 

Figure R1: Overview of model initialization and projection. The schematic 
summarizes the model setup during spin-up (grey box) and projection (blue box), using 
observed basal melt rates together with ice-shelf basal temperature (S1, orange box) 
and Southern Ocean temperature and salinity (S2, yellow box; LOW21). 
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Also, the basal melting scheme used in the projections is not clearly described. The 50 

authors should clarify this and also show how the basal melting fields evolve smoothly 
from the spinup into the projections. 

Response: Thanks for your suggestions. 

1. Our study aims to investigate the impact of sub-ice shelf melt rates during model 
initialization and to examine how the new initial state influences future ice-sheet 55 

evolution. To investigate the impacts of model initialization on projections, we 
maintained the same climate forcing (RCP/SSP) and basal melting scheme (TF-
linear parameterization) as one set of projections in LOW21. In other words, 
observed basal melt rates were not used during the projection (Fig. R1b). 

2. The new initial state—generated from those observed melt rates via spin-up—60 

provided the initial ice-sheet geometry as the initial values for the projections. 
Atmospheric and oceanic boundary conditions were prescribed by RCP/SSP 
scenarios time series, replacing the constant oceanic conditions used in spin-up. 

3. During the projection, all results—including basal melting fields—are recalculated 
by solving the ice dynamics code using these initial values under the new climate 65 

forcing scenarios. This ensures a physically consistent and smooth transition 
between the spin-up and projection simulations. 

Finally, the section on “Model Projection Results” lacks proper illustration of some of 
the results that are discussed, including the comparison to LOW21 and the descriptions 
of relevant physical mechanisms that are described but are not illustrated, so that they 70 

remain speculative. 

Response: Thanks for your suggestions. 

1. In the revised manuscript, we have added a comparison of the AIS sea-level 
commitment based on projections from the S1 and S2 initial states (Figs. 8, 9). The 
S1-based projection simulates future Antarctic evolution under RCP/SSP scenarios, 75 

starting from a present-day ice-sheet state obtained through spin-up using observed 
basal melt rates (S1). The S2-based projection utilizes the set of sea-level 
contribution results provided by Prof. Lowry, which were generated using the same 
parameter configuration as our S2 reproduction initialization. To ensure 
comparability, we used the same climate forcing scenarios as in LOW21 for both 80 

projections. 
2. As you mentioned, our simulations do not provide direct evidence (such as figures 

or tables) to conclusively demonstrate that certain physical mechanisms are the 
dominant processes behind the results. Therefore, we have adjusted the logical 
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framing of these discussions, transitioning from statements of “fact” to “well-85 

supported inferences” based on existing literature, thereby avoiding any expression 
of speculation. 

Another less critical issue is that several figures do not appear in the order in which 
they are cited. 

Response: Thanks for your suggestions. We have adjusted the positioning of the figures 90 

in response to your specific comments, which has strengthened the logical flow of the 
manuscript. 

We have carefully addressed all the comments provided and believe the revised 
manuscript is substantially improved as a result. Once again, we thank the reviewer for 
the invaluable time and insightful suggestions. 95 

Specific Comments (numbers indicate the lines to which the comments refer):  

Title: “Antarctica ice sheet” should be “the Antarctic ice sheet” here and everywhere 
below. 

Response: Thanks for your suggestions. We have made the corresponding changes — 
8 in total across the manuscript. 100 

Abstract 

15: “impedes” sounds too strong; I suggest “brakes” or “reduces”. Also, what does “the 
state of sub ice-shelf melting” refer to? 

Response: Thanks for your suggestions. We have changed “impedes” to “reduces” to 
soften the sentence. “the state of sub ice-shelf melting” refers to the basal melting state 105 

of the ice shelf, and we have revised it to “the state of sub-ice shelf melting” for 
enhanced clarity. 

16: replace “inaccuracies” by “uncertainties” 

Response: Thanks for your suggestions. We have revised the corresponding expression. 

17-18: “we adopt a single ice sheet model (PISM) and investigate two different sub-ice 110 

shelf melt rate schemes during model spin-ups” - to me this implies the authors have 
performed experiments with two different sub-shelf melt schemes, but this is unclear in 
the experimental setup and results sections. 

Response: Thanks for your suggestions. We have revised the relevant content in 
Section 2 (Model and Methods) as follows: 115 
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“During initialization procedure, to evaluate the specific role of oceanic conditions, we 
conducted two experiments using PISM: Experiment “S2” replicates the single 
simulation from LOW21 that used the best-fit parameter set (the one minimizing 
mismatch with observations), employing a thermodynamic parameterization (Eq. 2) to 
estimate sub-ice shelf melt rates. Experiment “S1” uses the same model 120 

configuration—including all parameters, stress balance approximation, resolution, 
topography, and atmospheric conditions—but replaces the basal melting scheme with 
observed basal melt rates derived from satellite altimetry (ICESat-1), radar (OIB and 
ALOS PALSAR), and model outputs (RACMO2), based on Eq. 1.”. 

21, 25: “ice sheet regions” should be “ice-sheet regions”, and “ice sheet mass changes” 125 

should be “ice-sheet mass changes”. This should be modified throughout the paper (see 
lines 29) 

Response: Thanks for your suggestions. We have made the corresponding changes — 
4 in total across the manuscript. 

Introduction 130 

27: “discharge” should be “discharges” 

Response: Thanks for your suggestions. We have revised the content. 

30-31: “The exposure of ice shelves to warm seawater causes basal melting, combined 
with their near-flotation elevations, resulting in high susceptibility to oceanic forcing” 
- this sentence does not seem grammatically correct. Also, “vulnerability” seems more 135 
appropriate than “susceptibility” 
Response: Thanks for your suggestion. We have revised the expression as follows: “Ice 
shelves are highly vulnerable to oceanic forcing due to both basal melting from warm 
seawater and their near-flotation elevations (Bindschadler et al., 2013; Depoorter et 
al., 2013; Li et al., 2023).”. 140 

34: “grounding line retreat” should be “grounding-line retreat” here and elsewhere 

Response: Thanks for your suggestions. We have made the corresponding changes — 
4 in total across the manuscript. 

36-37: I don’t think Rignot et al (2008) is so explicit about MISI 

Response: Thanks for your suggestions. We have revised the text and updated it with 145 
new references as follows: “Particularly on retrograde bed slopes, such retreat may 
trigger Marine Ice Sheet Instability (MISI), a critical feedback mechanism often 
identified as a decisive factor in the collapse of the West Antarctica (Schoof, 2007; Hill 
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et al., 2024).”. 

38: I think these two papers rather focus on MICI, not MISI (even if MISI is present 150 
too) 

Response: Thanks for your suggestions. We have modified the content and updated the 
supporting references: “This process may amplify Antarctic contribution to global sea-
level rise by 0.5–0.8 m of sea level equivalent (SLE) this century (Ritz et al., 2015).”. 

39: should be “ice-sheet model”; same in line 47, 50, 53 155 

Response: Thanks for your suggestions. We have made the corresponding changes — 
11 in total across the manuscript. 

40: should be “parameterizations” (plural). Also, the authors could refer here to Favier 
et al (2019), who provide a review of sub-shelf melting parameterizations (Favier,L., 
Jourdain, N. C., Jenkins, A., Merino, N., Durand, G., Gagliardini, O., Gillet-Chaulet, F., 160 
and Mathiot, P.: Assessment of sub-shelf melting parameterisations using the ocean–
ice-sheet coupled model NEMO(v3.6)–Elmer/Ice(v8.3), Geosci. Model Dev., 12, 
2255–2283, https://doi.org/10.5194/gmd-12-2255-2019, 2019.). 

Response: Thanks for your suggestions.  

1. We have revised the “parameterizations”.  165 
2. We have added a citation to Favier et al. (2019), which reviews five 

parameterizations of sub-ice shelf melting—including three linear or non-linear 
thermal forcing schemes and two ice cavity models (“box” and “plume”)—to the 
relevant sentence: “Methods for ice-sheet models to represent sub-ice shelf melting 
include linear/non-linear and local/non-local dependency thermal forcing 170 
parameterizations (Martin et al., 2011; Favier et al., 2019; Lowry et al., 2021), ice-
shelf cavity models developed from box or plume models (Lazeroms et al., 2018; 
PICO, Reese et al., 2018; Favier et al., 2019; PICOP, Pelle et al., 2019),”. 

44: You should refer here specifically to initMIP-Antarctica. Also “ice sheet models 
exhibit significant divergence” - I guess you mean projections or ice-sheet model 175 

responses in experiments 

Response: Thank you for your suggestion. We have revised it to “The initMIP-
Antarctica experiments revealed that ice-sheet model responses exhibit significant 
divergence due to variations in initial basal melt conditions. This uncertainty range 
accounted for 5 % to 125 % of total mass change in the initialization experiments 180 
(Seroussi et al., 2019, 2020).”. 

50: I understand that this is an attempt to explain how this manuscript contributes 
beyond the results of initMIP-Antarctica. If so, please make this more explicit. 

Response: Thank you for your suggestion. We have revised the relevant expression as 
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follows: “Previous model intercomparison projects (e.g., initMIP-Antarctica) 185 
combined ice-sheet models with varying numerical complexities and initialization 
methods, making it difficult to attribute uncertainties to specific sources; our study 
isolates the impact of oceanic forcing by using a single model with identical 
initialization except for the basal melt scheme.”. 

56: “the identical ice sheet model” seems to refer to CISM which is not the case. I 190 
suggest writing “a single ice-sheet model and initialization method” 

Response: Thanks for your suggestions. Yes, “the identical ice-sheet model” refers to 
PISM as mentioned below. We have revised it to “a single ice-sheet model” for greater 
clarity. 

58: I would rephrase question (2) as “How does this initial state affect long-term 195 
Antarctic ice sheet projections” - because I assume the basal melting scheme in the 
projections is the same as in LOW21 (see below). 

Response: Thanks for your suggestions. We have revised the expression. We did indeed 
use the same basal melting scheme as LOW21 in the projections. 

60: “Therefore, in this paper, we consider two different sub-ice shelf melt rate 200 
approaches” - it seems to me here you mean you will do experiments with both, but this 
is not clear after. Also, write “Parallel Ice Sheet Model, (PISM)” before “ice-sheet 
model” 

Response: Thanks for your suggestions. 

1. We have revised the relevant content in Section 2 (Model and Methods) as follows:  205 
“During initialization procedure, to evaluate the specific role of oceanic conditions, 
we conducted two experiments using PISM: Experiment “S2” replicates the single 
simulation from LOW21 that used the best-fit parameter set (the one minimizing 
mismatch with observations), employing a thermodynamic parameterization (Eq. 2) 
to estimate sub-ice shelf melt rates. Experiment “S1” uses the same model 210 
configuration—including all parameters, stress balance approximation, resolution, 
topography, and atmospheric conditions—but replaces the basal melting scheme 
with observed basal melt rates derived from satellite altimetry (ICESat-1), radar 
(OIB and ALOS PALSAR), and model outputs (RACMO2), based on Eq. 1.”. 

2. We have revised the expression to “Therefore, in this paper, we consider two 215 
different sub-ice shelf melt rate approaches (Section 2) in the Parallel Ice Sheet 
Model (PISM) by first spinning-up and then projecting the AIS.”. 

61: “the Antarctica ice sheet” should be “Antarctic ice sheet” 

Response: Thanks for your suggestions. We have revised the content and have specified 
both the full name and the abbreviation of the Antarctic Ice Sheet in Line 56, and the 220 
“AIS” is used afterwards. 
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Model and Methods 

72: LOW21 appears here for the first time. I understand that it refers to Lowry et al 
(2021). This should be stated clearly. More importantly, it is unclear to me if the authors 
have used the data from Lowry et al (2021) here or if they have redone the simulations 225 
using the same basal melting scheme as in that study. In this section and throughout the 
manuscript the authors refer to the results using the prescribed basal melting of Rignot 
et al (2013) (S1) as “our approach”, or “our simulations” so it seems the simulations 
with parameterized melting scheme (S2) have not been done here. This is critical 
because it seems to me that in order to be sure the results shown are only due to the 230 
different sub-shelf melting and initialization the experiments need to be redone with 
exactly the same model version and configuration. 

Response: Thanks for your suggestions.  

1. We have revised the content to “LOW21 (Lowry et al., 2021)”. 

2. Prior to the initialization experiments using S1, we repeated the simulations based 235 
on the data and model configuration from Lowry et al. (2021), employing the TF-
linear parameterization (S2). This procedure ensures that, apart from oceanic 
conditions, all other settings remain consistent with LOW21 when employing the 
observed basal melt rates (S1) (Fig. R1a). We are deeply grateful to Prof. Lowry for 
his patient guidance and support during this process, particularly in parameter setup 240 
and result validation, which enabled the successful replication of his experiments. 
Out of respect for Prof. Lowry’s original work and to emphasize that our role was 
solely to replicate—not develop—the methodology, we attributed the configuration 
to LOW21 in the manuscript rather than highlighting our S2-based results.  

3. During initialization, when using the S1, model configuration—including 245 
parameters, stress approximation, resolution, initial topography, and atmospheric 
conditions—is identical to LOW21. The only difference lies in the oceanic initial 
condition: our simulation uses observational sub-ice shelf melt rates, whereas 
LOW21 (S2) employed ocean temperature and salinity. In the projection 
experiments, both the model configuration and climatic forcing are the same (Fig. 250 
R1b). 

4. Per your suggestions, we have clarified differences in the initialization and 
projection experiments. We have revised the relevant description as follows: 

“During initialization procedure, to evaluate the specific role of oceanic conditions, 
we conducted two experiments using PISM: Experiment “S2” replicates the single 255 

simulation from LOW21 that used the best-fit parameter set (the one minimizing 
mismatch with observations), employing a thermodynamic parameterization (Eq. 2) 
to estimate sub-ice shelf melt rates. Experiment “S1” uses the same model 
configuration—including all parameters, stress balance approximation, resolution, 
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topography, and atmospheric conditions—but replaces the basal melting scheme 260 

with observed basal melt rates derived from satellite altimetry (ICESat-1), radar 
(OIB and ALOS PALSAR), and model outputs (RACMO2), based on Eq. 1.”. 

“We employed the same daily-resolution climate forcing as LOW21 (Lowry et al., 
2021), derived from the CMIP5 IPSL-CM5A-MR RCP2.6/8.5 (Barthel et al., 2020; 
Payne et al., 2021; Nowicki et al., 2021) and the CMIP6 CNRM-CM6-1 SSP1-2.6/5-265 

8.5 product (Nowicki et al., 2016; Kamworapan et al., 2021; Nowicki et al., 2021) 
spanning 2015–2100, to assess and compare Antarctica's contribution to global 
mean sea-level rise by 2100. To ensure that differences in projections originated 
solely from the model spin-up, the basal melting scheme was parameterized using 
the same linear thermodynamic framework for the ice shelf–ocean boundary layer 270 

as that employed in LOW21. This approach explicitly resolves heat and freshwater 
exchange processes at the ice–ocean interface, driven by oceanic forcing under 
different RCP/SSP scenarios from 2015 to 2100.”. 

73: Figure 2 is referred to here before referring to Figure 1. 

Response: Thank you for your suggestion and correction. We have changed “Fig. 2” to 275 
“Fig. 1”. 

74: “and other datasets” is vague, please be more specific 

Response: Thank you for your suggestion. We have revised it to “satellite altimetry 
(ICESat-1), radar (OIB and ALOS PALSAR data), and model outputs (RACMO2),”. 

80: Maybe I am missing something but I don’t fully understand how the basal 280 
temperatures are being used if the basal melting rates are imposed. 

Response: Thanks for your suggestions.  

1. In PISM, both S1 and S2 belong to the ocean model component, which supplies the 
ice dynamics component with sub-ice shelf basal temperature and mass flux during 
simulation. The sub-ice shelf basal temperature serves as a Dirichlet boundary 285 
condition for the energy equation within the ice dynamics system, while the basal 
mass flux acts as a source in the mass conservation equation. A positive flux 
indicates ice loss. S1 directly provides these two variables using observed basal 
melt rates and temperatures, whereas S2 indirectly supplies them through a TF-
linear parameterization driven by ocean temperature and salinity. 290 

2. To improve clarity, we have revised the content to “The PISM ocean module 
provides the sub-ice shelf temperature and mass flux to the ice dynamics core via 
two different approaches. Sub-ice shelf temperature is applied as a Dirichlet 
boundary condition in the energy conservation code, while sub-ice shelf mass flux 
enters as a source in the mass conservation equation.”. 295 
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104: What does “evolutionary” mean here? 

Response: Thanks for your suggestions.  

1. The term “evolutionary” is ambiguous in this context. It refers to the third stage of 
the spin-up procedure, which is a 1,500-year model run employing the full model 
physics—including hybrid stress balance, calving law, and the application of sub-300 

ice shelf melt rates to constrain ice dynamics. 

2. The purpose of this stage is not to simulate a real-world evolution, but rather to 
allow the ice-sheet geometry—including thickness, velocity, and grounding line—
to equilibrate dynamically and reach a steady state in the ice-sheet model under 
full model physics and prescribed climatic forcing, following the initial thermal 305 

equilibration. 

3. To improve clarity, we have revised the expression to “a 1,500-year model run 
incorporating full model physics”. 

107: Importantly: Please explain how sub-shelf melting is handled in the projections. I 
assume S2 is being used for both initializations but I did not see it written explicitly. 310 

Response: Thanks for your suggestions.  
1. The sub-ice shelf melt rates from Rignot et al. (2013) were used solely during the 

initialization in S1 to construct a new ice-sheet initial state under this oceanic 
condition, enabling comparison with S2 (LOW21) and analysis of resultant 
dynamic mechanism differences. 315 

2. Furthermore, our study focuses on how variations in sub-ice shelf melt rates affect 
the initial ice-sheet state after spin-up and subsequently influence projected sea-
level contributions. To maintain consistency with the LOW21 for comparative 
analysis in projection experiment, we used the same future oceanic forcing—
specifically ocean temperature and salinity from CMIP5 and CMIP6 climate 320 

models—to project future ice-mass change. 
3. To improve clarity, we have revised the expression to “To ensure that differences in 

projections originated solely from the model spin-up, the basal melting scheme was 
parameterized using the same linear thermodynamic framework for the ice-shelf–
ocean boundary layer as that employed in LOW21. This approach explicitly 325 

resolves heat and freshwater exchange processes at the ice–ocean interface, driven 
by oceanic forcing under different RCP/SSP scenarios from 2015 to 2100.”. 

107-108: “high” and “low” are not scenarios but different grounding-line 
parameterizations using sub-grid interpolation of basal melting at grounding lines or 
not; this should be better explained. Also, was this also used in LOW21? This is also 330 
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critical to assess the differences 

Response: Thanks for your suggestion.  

1. Simulating retreat processes of marine-terminating glaciers in coarse-resolution 
grid models, the sub-grid scheme calculates one-sided derivatives of the surface 
slope around the grounding line and interpolates key physical variables based on 335 
spatial gradients across the interface between grounded and floating cells. Assign 0 
to ice-free/floating cells, 1 to fully grounded cells, and 0–1 to partially grounded 
cells (includes grounding line). The formula for basal melt rate adjusted using this 
scheme is: 

𝑀𝑀𝑏𝑏,𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = 𝜆𝜆𝑀𝑀𝑏𝑏,𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 + (1 − 𝜆𝜆)𝑀𝑀𝑏𝑏,𝑠𝑠ℎ𝑒𝑒𝑒𝑒𝑒𝑒−𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 340 

    𝑀𝑀𝑏𝑏,𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔, 𝑀𝑀𝑏𝑏,𝑠𝑠ℎ𝑒𝑒𝑒𝑒𝑒𝑒−𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 denote the basal melt calculated for grounded ice grid 
cells and floating ice grid cells, respectively. 𝜆𝜆 indicates the value (0-1) of the 
mask corresponding to the grid cell. This scheme is also used to adjust the basal 
friction in the transition zone. For more accurate expression, we have revised the 
term “sub-grid melt interpolation scheme” to “sub-grid grounding-line scheme” 345 
throughout the manuscript. 

2. Yes, the terms “high” and “low” do not refer to climate scenarios, but to simulation 
results obtained by enabling or disabling the sub-grid scheme in PISM. For clarity, 
we have replaced the original terms “high scenario” and “low scenario” with the 
more descriptive expression “sub-grid scheme on (SGO) scenario” and “sub-grid 350 
scheme off (SGF) scenario”. The “SGO scenario” activates this sub-grid melt 
interpolation, thereby accounting for basal melting in grid cells containing the 
grounding line. This results in higher overall mass loss because it accelerates 
grounding-line retreat within the coarse-resolution grid; without it, the retreat would 
not be simulated. By contrast, the “SGF scenario” omits the scheme and applies no 355 
basal melting to any grid cell that is not entirely floating. These neglects melting in 
partially floating cells, leading to lower total mass loss and thus representing a more 
conservative (lower melt) scenario.  

3. LOW21 utilizes a statistical emulator for its projections. During initialization, 
model ensemble members were optimized using different parameter combinations 360 
related to ice flow and basal sliding. These parameters were evaluated both 
individually and collectively, with the optimal parameter set determined through 
validation against observation. Based on this initialized ensemble, the projection 
experiments utilized Gaussian process regression (GPR) to investigate the ice 
sheet's contribution to sea-level change.  365 

4. In contrast to LOW21, our study did not employ a parameter ensemble optimization 
in spin-up, and the limited sample size precludes the GPR for projections statistical 
analysis. Therefore, we applied the “sub-grid” scheme to define projection ranges, 
adopting the optimal parameter set from LOW21 and selecting a climate forcing 
identical to one of their ensemble members. S1-based projection results are directly 370 
compared against the corresponding ensemble results from LOW21, which include 
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the S2-based projection (Figs. 8, 9). 
5. We have supplemented this section accordingly and modified the relevant 

description in the revision as follows: 
“Further, based on the initialized model state and the optimal parameter set from 375 
S1, we conduct projection experiments from 2015 by turning on or off the sub-grid 
grounding-line scheme in PISM. The “sub-grid scheme on (SGO) scenario” 
incorporated sub-grid melt interpolation near grounding lines, accelerating 
grounding-line retreat in our coarse-resolution model, while the “sub-grid scheme 
off (SGF) scenario” ignored melt in partially floating cells, yielding more 380 
conservative mass loss estimates (Albrecht et al., 2011; Golledge et al., 2015; 
Nowicki et al.,2020).”. 

Figure 1: Does “our simulations” mean S1? Also, the temperature field of Chambers et 
al (2021) should be referred to in the text. 

Response: Thanks for your suggestion. Yes, we use Eq. 1 to simulate the basal mass 385 
flux of the ice shelf. We have revised it to “Where directly observed basal melt rates 
(Rignot et al., 2013; Fig. 1) and ice-shelf basal temperature (Chambers et al., 2021; 
Fig. 1) are used, the sub-ice shelf mass flux is computed directly using Eq. 1.”. 

Figure 2: Again, authors say “our study and LOW21” so it is unclear if they have 
performed simulations using S2. Also, the discussion in lines 205-208 below on the fact 390 
Rignot et al (2013)’s sub-shelf melting rates are higher than those used in S2/LOW21 
should appear here, when the differences are shown (see comment below) 

Response: Thanks for your suggestion.  

1. For clarity and to accurately reflect that our simulations utilized the S2 approach, 
we have revised the figure caption and description as follows: “Figure 2: 395 
Comparison of sub-ice shelf melt rates between S1 and S2. (a) Sub-ice shelf melt 
rates derived from the TF-linear parameterization (S2). (b) Difference in basal melt 
rates used in S1 and S2, with three black boxes highlighting regions of interest: (c) 
Thwaites Basin, (d) Wilkes Land, and (e) George V Land Terre Adelie.”. 

2. Based on your feedback, we have moved the discussion regarding the fact “that 400 
Rignot et al. (2013)’s sub-shelf melt rates are higher than those used in S2/LOW21” 
from Section 3.4 to Section 3.2: “In the Thwaites Basin, the observed sub-ice shelf 
melt rates used in S1 (reaching 17.7 m y-1 beneath Thwaites ice shelf, Fig. 1) exceed 
S2’s parameterized values by approximately 5 m y⁻¹ (Fig. 2). This higher melt rate 
weakens the ice-shelf buttressing effect and accelerates the grounded ice flow, with 405 
a corresponding 74 m y-1 RMSE difference from S2 (Fig. 5f).”. 

Model Initialization Results 

114: Again, this sounds as if you have not done the simulations with S2. 
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Response: Thank you for your suggestion.  

1. We have revised the description to clarify that the simulation was conducted using 410 
method S2 in Section 2 as follows: “Experiment “S2” replicates the single 
simulation from LOW21 that used the best-fit parameter set (the one minimizing 
mismatch with observations), employing a thermodynamic parameterization (Eq. 2) 
to estimate sub-ice shelf melt rates. Experiment “S1” uses the same model 
configuration—including all parameters, stress balance approximation, resolution, 415 
topography, and atmospheric conditions—but replaces the basal melting scheme 
with observed basal melt rates derived from satellite altimetry (ICESat-1), radar 
(OIB and ALOS PALSAR), and model outputs (RACMO2), based on Eq. 1.”. 

2. To improve clarity, we have revised this sentence to: “We validated the simulated 
ice thickness and ice surface velocity results from both S1 and S2 using 420 
observational datasets (BedMachine v.3; MEaSUREs Phase-Based Antarctica Ice 
Velocity Map v.1).”. 

115: Start a new sentence to describe the RMSE differences (between S1 and 
S2/LOW21?) 

Response: Thank you for your suggestion. We have revised it to “The difference in root 425 
mean square error (RMSE) for two experiments, derived from comparison against 
observation, is 2 m for ice thickness and 3 m y-1 for surface velocity.”. 

118: “consistent” sounds weak - I guess you mean very similar between S1 and S2 

Response: Thanks for your suggestion. We have revised it to “The comparison shows 
that the mass distribution and ice flow dynamics of S1 closely match those of S2.”. 430 

118-121: Figure 7 is referred to here (before Figures 3-6). There is no need for this now, 
since you actually only describe these results later on. 

Response: Thanks for your suggestion. We have removed the reference to Fig. 7 and 
changed “selected a transect (Fig. 7)” to “selected a representative transect”. 

122: Antarctica should be Antarctic and ice sheet should be ice-sheet 435 

Response: Thanks for your suggestions. We have revised the content. 

129: I think there is no need for a new paragraph here. Also, here and elsewhere, I 
would rather use the notation S1 and S2 rather than “our” and “LOW21” 

Response: Thanks for your suggestions.  

1. We have merged this paragraph with the previous content into one paragraph. 440 

2. Based on your suggestion, we have revised Section 2 to clarify that two distinct 
methods (labeled “S1” and “S2”) are used to calculate basal fluxes, replacing the 
original terms “our study” and “LOW21”: “Experiment “S2” replicates the single 
simulation from LOW21 that used the best-fit parameter set (the one minimizing 
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mismatch with observations), employing a thermodynamic parameterization (Eq. 2) 445 
to estimate sub-ice shelf melt rates. Experiment “S1” uses the same model 
configuration—including all parameters, stress balance approximation, resolution, 
topography, and atmospheric conditions—but replaces the basal melting scheme 
with observed basal melt rates derived from satellite altimetry (ICESat-1), radar 
(OIB and ALOS PALSAR), and model outputs (RACMO2), based on Eq. 1.”. 450 

3. These revisions have been applied consistently throughout the manuscript, 
including figures and tables. 

145: replace “led” by “leads” (to have everything in the same verbal tense, present) 

Response: Thanks for your suggestions. We have revised this expression. 

149: What complex ice-dynamic feedbacks? 455 

Response: Thanks for your suggestions.  

1. The term “complex ice-dynamic feedbacks” primarily refers to the positive 
feedback triggered by increased basal melt rates—the “melt–buttressing 
reduction–flow acceleration–grounding-line retreat and ice thinning” process. 
Specifically, as mentioned earlier regarding the Thwaites Basin, the higher basal 460 
melt rates applied in our simulation—compared to those used in LOW21—
weakened ice-shelf buttressing, accelerated ice flow, and led to grounding-line 
retreat and localized ice thinning. 

2. To improve clarity, we have revised the content to describe the process more 
directly as follows: “This leads to around 40 m more ice thinning near the 465 

grounding line and an approximately 30 km more grounding-line retreat (Fig. 7), 
compared to the case in LOW21, while most upstream areas exhibit positive 
thickness anomalies (mean 49.5 m), indicating a coupled response within the ice-
sheet system.”. 

152: Totton should be Totten 470 

Response: Thanks for your suggestions. We have revised the content. 

154-156: I am not sure about this mechanism. Thinning downstream causes thickening 
upstream? Can this be explained further via a reference or additional results showing 
the stronger lateral resistance invoked? 

Response: Thanks for your suggestions. We have added references to explain this 475 
process through lateral resistance. The revised content is as follows: “The faster flow 
of Totten Glacier strengthens lateral resistance along its boundaries with adjacent 
glaciers, subsequently reducing ice discharge into the Voyeykov and Moscow Ice 
Shelves (Gagliardini et al., 2010; Van Der Veen et al., 2017). This dynamic response is 
consistent with the simulated mean thickness anomaly of +39.2 m across these regions, 480 
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indicating ice thickening resulting from slower flow.”. 

156: Replace “decreased” by “decreases” 

Response: Thanks for your suggestions. We have revised the content. 

174: replace “reduced” by “are reduced” 

Response: Thanks for your suggestions. We have revised the content. 485 

178-184: To what extent are these processes represented in the ice-sheet model? For 
example, sedimentary basins? Also, replace “WAIS” by “the WAIS” and “EAIS” by 
“the EAIS” 

Response: Thanks for your suggestions.  

1. PISM employs a simplified approach, representing subglacial hydrology through a 490 

parameterized till reservoir system in which meltwater is stored within a saturated 
till layer of limited thickness. Local basal melting saturates till water content, 
meltwater exceeding maximum storage thickness drains directly into subglacial 
hydrologic networks.  

2. While the model focuses primarily on large-scale ice dynamical processes, the 495 

geometry of subglacial sedimentary basins is implicitly captured through initial 
topography and ice thickness. Their thermal and hydrological influence is 
indirectly reflected in the simulated enthalpy field (governing ice temperature) and 
water content distribution. Explicit representation of sediment–hydrology 
interactions would require coupling with more physically detailed subglacial 500 

hydrological models (e.g., Wright et al., 2012). 
3. We have made the corresponding changes (5 for “WAIS” and 2 for “EAIS”) across 

the manuscript. 

192: should be “ice-sheet destabilization” 

Response: Thanks for your suggestions. We have revised the content. 505 

195: The sentence starting with “This positive feedback…” seems grammatically 
incorrect 

Response: Thanks for your suggestions. We have revised it to “In this positive feedback 
process, termed the basal thermal-hydrological feedback, elevated basal water content 
persistently reduces resistance, thereby facilitating ice sliding and ultimately leading to 510 
ice thinning (Fowler et al., 2001; Clarke, 2005; van Pelt & Oleremans, 2012; Zhao et 
al., 2025).”. 

205: Should be “the” WAIS and “the susceptibility” 

Response: Thanks for your suggestions. We have revised the content. 
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206-208: It seems to me this discussion on the fact Rignot et al (2013)’s sub-shelf 515 
melting rates are higher than those used in S2/LOW21 should appear earlier, at the end 
of Section 2 when the differences are shown 

Response: Thanks for your suggestions. We have revised the fact to Section 3.2 
(Differences in Marine Ice-Sheet Regions): “In the Thwaites Basin, the observed sub-
ice shelf melt rates used in S1 simulation (reaching 17.7 m y-1 beneath Thwaites ice 520 
shelf, Fig. 1) exceed S2’s parameterized values by approximately 5 m y⁻¹ (Fig. 2). This 
higher melt rate weakens the ice-shelf buttressing effect and accelerates the grounded 
ice flow, with a corresponding 74 m y-1 RMSE difference from S2 simulation (Fig. 5f).”. 

212: should be “ice-shelf buttressing” 

Response: Thanks for your suggestions. We have made the corresponding changes—3 525 
in total across the manuscript. 

Figure 3 and table 1: When are these fields exactly taken? At the end of the 
initialization procedure? Do they correspond to 2015? 

Response: Thanks for your suggestions. These fields correspond to the ice-sheet state 
at the end of the initialization (spin-up) process, representing its condition around 2015. 530 
To improve clarity, we have revised the description of Fig. 3 and Table 1 as follows: 
“Figure 3 Comparing simulated initial state with observations. Modeled ice thickness 
(m) and surface ice velocity (m yr-1) at the end of spin-up. The left column shows ice 
thickness and ice surface velocity results from S1, alongside their difference from 
observation (Morlighem et al., 2019; Mouginot et al., 2019). The right column shows 535 
the corresponding results from S2, sharing common color bars with S1.”.  

“Table 1 Ice volume above flotation (m SLE) in three marine ice-sheet basins after spin-
up, simulated at 16 km resolution.”. 

Figure 4: Are you using the same color bar and levels for ice thickness and velocity? 
This strongly limits visualization of the ice-thickness anomalies so I would suggest to 540 
use different color bars and levels for each field 

Response: Thanks for your suggestions. It is possible that the questions you raised 
appear to be associated with Fig. 3, which was originally designed to compare the 
reliability of simulated results between two methods. The anomalies in ice thickness 
and surface velocity are illustrated in Fig. 5. To improve clarity, we have supplemented 545 
the description of Fig. 3 as follows: “The left column shows ice thickness and ice 
surface velocity results from S1, alongside their difference from observation 
(Morlighem et al., 2019; Mouginot et al., 2019). The right column shows the 
corresponding results from S2, sharing common color bars with S1.”. 

Figure 7: There is no discussion as to how isostasy is treated. Is the bedrock elevation 550 
identical at this stage for S1 and S2 or are you just showing the original data? 

Response: Thanks for your suggestions.  
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1. All fields shown in Fig. 7 represent the ice-sheet state at the end of the spin-up 
process. 

2. For consistency with LOW21, which did not use earth deformation options (i.e., no 555 
viscoelastic bedrock processes were considered), our simulations also did not 
account for glacial isostatic adjustment. Therefore, the bedrock elevation remains 
identical under both the S1 and S2 methods, so it is not distinguished separately in 
Fig. 7. In reality, the response of the ice-sheet bedrock to ice load changes occurs 
on millennial timescales or longer. To properly account for relevant parameters such 560 
as mantle viscosity and lithospheric flexural rigidity, a paleo-climate spin-up 
covering two glacial cycles—rather than the constant-climate spin-up used in S1 
and S2—would be required in PISM. 

3. We have revised the title of Fig. 7 as follows: “Comparison between S1 and S2 
along the Thwaites Basin transect after spin-up.”. 565 

Model Projection Results 

A general comment: Please describe how the thermal forcing is applied in these 
simulations (which basal melting scheme). 

Response: Thanks for your suggestions.  

1. To investigate whether differences in projections originate solely from the different 570 
initial states of S1 and S2 (LOW21), we maintained a single variable by using the 
same basal melting scheme (linear thermodynamic forcing parameterization) in our 
projections as in LOW21 (Fig. R1b, P.3). Unlike the S2 method used in 
initialization—which applies constant boundary conditions—the projection 
employs time-varying climate forcing. To distinguish between these two types of 575 
data, we use the term “condition” for constant inputs and “forcing” for time-
dependent inputs. 

2. We have supplemented the description of the basal melting scheme used in Section 
2 (Model and Methods): “To ensure that differences in projections originated 
solely from the model spin-up, the basal melting scheme was parameterized using 580 
the same linear thermodynamic framework for the ice shelf–ocean boundary layer 
as that employed in LOW21. This approach explicitly resolves heat and freshwater 
exchange processes at the ice–ocean interface, driven by oceanic forcing under 
different RCP/SSP scenarios from 2015 to 2100.”. 

231-233: “Prognostic simulations from 2015 to 2100 revealed divergent ice mass 585 
changes compared to LOW21” - where is this shown? If it is just in Figure 8 this 
suggests the simulations for S2 have not been done again, is that the case? If so I think 
it would be very difficult to be able to guarantee that the model versions are identical 
(given that LOW21 was published four years ago) and the only difference is the 
initialization unless the simulations. 590 

Response: Thanks for your suggestions. 
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1. Figure 8(a) depicts the difference in projected ice thickness distribution between S1 
and S2 (the optimal-parameter simulation in LOW21 ensemble). The values 
represent the mean anomaly for the year 2050, derived under identical RCP 
scenarios. Furthermore, as suggested, We have added the sea-level time series from 595 
the S2-based projection (using the same optimal parameter set and forcing) to Figs. 
8(c) and 9, where they are represented by dashed lines. 

2. Our study focuses on how variations in sub-ice shelf melt rates affect the initial ice-
sheet state after spin-up and subsequently influence projected sea-level 
contributions. We directly utilized the projection results provided by Prof. Lowry, 600 
which were generated using the same optimal parameter set and identical climate 
forcing as applied in our S1-based projections. This was feasible because the 
structure of the projection script is identical to the final step of initialization, 
allowing for a direct substitution of the climate forcing. 

3. To ensure consistency of results, we used the same PISM version as in LOW21, 605 
which was verified through detailed discussions with Prof. Lowry regarding 
technical implementation details. Our team began using PISM around 2020, 
originally adopting an early version of PISM. Due to persistent hardware limitations, 
we were unable to update to newer versions in subsequent work. 

4. We have revised the figures supporting this conclusion, and the supplemented 610 
sentence is as follows: “Prognostic simulations (2015–2100) show that the 
divergent initial ice-sheet states of S1 and S2 lead to markedly different sea-level 
contributions across the AIS, even under identical climatic forcing and basal melt 
scheme (Figs. 8, 9). Specifically, S1-based projections of a 0.20–0.52 m SLE total 
AIS contribution exceed the 0–0.32 m SLE range of the LOW21 ensemble (which 615 
includes S2-based projections) by roughly 0.18 m SLE, representing a ~57% 
increase (Fig. 8).”. 

232: replace “ranging” by “range” 

Response: Thanks for your suggestions. We have revised the content. 

238-239: what does “relative to the hysteretic response of ice-sheet dynamics to climate 620 
forcing” mean here? Please reformulate to clarify. 

Response: Thanks for your suggestions.  

1. This sentence explains the reason for the overlapping projections across scenarios 
before 2075. This is because the ice sheet's hysteretic response means that its full 
reaction to new climatic forcings takes considerable time to appear. Therefore, 625 
changes during this period primarily reflect the ice sheet's response to past 
historical forcing, rather than to divergent future emission scenarios. 

2. In response to your comment, we have revised the statement as follows: “This is 
consistent with the hysteretic response of ice-sheet dynamics, meaning that the ice 
sheet's state in the near-term (2015-2075) is largely determined by historical 630 
forcing, masking the influence of divergent future scenarios (Garbe et al., 2020).”. 
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242: 0.36 m is in the mean value, this should be stated 

Response: Thanks for your suggestion. We have revised it to “By 2100, the mean AIS 
contributions to sea-level rise under SSP5-8.5 reach 0.36 m SLE,”. 

261-268: The discussion starting with “This significant mass loss is propelled… 635 
“describes what we think has been the main mechanism driving Antarctic ice mass loss 
in the past decades, but it is discussed here as if it were also the relevant mechanism 
leading to ice-loss in the present simulations. There is however no support from figures 
to demonstrate that this indeed the case, so this is therefore speculative. 

Response: Thanks for your suggestion. We agree with the reviewer that the mechanism 640 
should be discussed as a plausible interpretation rather than a confirmed finding from 
our simulations. We have revised the text accordingly to frame it as a consistent, 
literature-based inference: “A mechanism similar to that observed in recent decades 
may be responsible for the projected mass loss. Specifically, anthropogenic warming 
could alter shelf-break wind patterns over the Amundsen Sea (AS) and Bellingshausen 645 
Sea (BS) Embayment (Holland et al., 2019; Noble et al., 2020), potentially facilitating 
greater intrusion of warm water and intensifying ice melting beneath ice shelves 
(Dinniman et al., 2016; Noble et al., 2020; Li et al., 2023). This would lead to reduced 
ice-shelf buttressing and accelerated ice discharge. The dominance of the AS and BS 
sectors in our projections (~55% of WAIS loss, Table 2) is consistent with the operation 650 
of such a mechanism.”. 

271-272: Similarly, the enhanced moisture transport is not illustrated so this remains 
speculative. 

Response: Thanks for your suggestion. As suggested, we have revised the discussion 
on the WIO sector as follows: “The net mass gain in the West Indian Ocean (WIO) 655 
sector shown in our simulations may be linked to enhanced moisture transport from the 
Southern Ocean, a mechanism consistent with observational trends (Boening et al., 
2012) that would promote increased surface accumulation.”. 

279-280: The same applies to the sentence “This transient pattern is tied to the 
intensification of polar westerly winds” 660 

Response: Thanks for your suggestion. As suggested, we have revised this paragraph 
to: “A possible interpretation for this transient pattern involves the intensification of 
polar westerly winds. According to this mechanism, which is consistent with 
observational findings (Goodwin et al., 2016), enhanced snowfall in the northern AP 
may partially offset warming-induced ice discharge, thereby generating a negative 665 
feedback that suppresses AIS mass loss.”. 

292: “the” WAIS 

Response: Thanks for your suggestions. We have made the corresponding changes—7 
in total across the manuscript. 
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296: Please introduce the emulator the first time Edwards et al (2021) is mentioned to 670 
give a little more context. 

Response: Thanks for your suggestions. We have revised it to “The Coupled Model 
Intercomparison Project Phase 6 models (CMIP6, Edwards et al., 2021) employed 
Gaussian process emulators—statistical approximations built upon ice-sheet 
simulations for ISMIP6 (Nowicki et al., 2016, 2020) and GlacierMIP Phase 2 (Hock et 675 
al., 2019)—to generate sea-level projections. While their ensemble projections suggest 
that the WAIS contributions range from -0.04 to 0.11 m SLE, our study predicts a 
significantly higher contribution of 0.20–0.47 m SLE.”. 

309: I suggest writing “demonstrating its heightened vulnerability to ocean-induced 
melt rates at the initialization” 680 

Response: Thanks for your suggestions. We have revised this expression. 

315, 318, 329, 331: should be “ice-sheet” 

Response: Thanks for your suggestions. We have revised these contents across the 
manuscript. 

321: Indeed, the AIS might not be in steady state for the present day, and if projections 685 
are very sensitive to initial conditions one has to think what the most realistic state 
would be. For instance, reaching that initial state (previous to projections) via long, 
transient spin ups involving paleo-evolution could be critical because of the different 
dynamical state achieved in this way. It would be nice if the authors could discuss how 
they think a better initial state can be achieved. 690 

Response: Thanks for your suggestions.  

1. To achieve a better initial state in ice-sheet simulations, it is crucial to minimize 
uncertainties arising from differences in model parameterization and initialization 
methods. Results from the ISMIP6-Antarctica project indicate that ice-sheet model-
related factors dominate these uncertainties. Therefore, improvements in model 695 
development and extensive sampling of parameter space are essential to better 
represent key physical processes. 

2. In response to your feedback, we have expanded our discussion on the sources of 
uncertainty related to both ice-sheet models and observational data. Building on 
existing literature, we also propose directions for improving future simulations. The 700 
modified and supplemented paragraphs are as follows: 

“Compared to other prior studies, our sea level projections differ due to variations 
in ice-sheet model configurations, including model resolution, ice dynamics 
(particularly stress balance schemes), represented physical processes (calving, 
hydrology, or bedrock uplift), and initialization methods (data assimilation or spin-705 
up) (Seroussi et al., 2019; Levermann et al., 2020; Klose et al., 2024). Of these 
factors, the parameterization of ice melt dynamics contributes most significantly to 
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the uncertainty in sea-level estimates, surpassing uncertainties arising from 
differences in climate model forcing, initialization methods, and the selected 
physical processes. This implies that ice-model-related uncertainties dominate 710 
throughout the simulation period (Seroussi et al., 2019, 2023). Therefore, continual 
model improvement, further exploration of the broader parameter space covered by 
initial state ensembles, and its extended sampling are essential to reduce 
uncertainties in future projections of dynamic mass loss from the AIS (Favier et al., 
2019; Coulon et al., 2024; Klose et al., 2024).”. 715 

“Notably, the present-day AIS may not have been in a steady-state during the 
observational period (Martin et al., 2011). This inference, while primarily based on 
discrepancies between model simulations and observations, may also be influenced 
by uncertainties inherent in the validation datasets. For example, the BedMachine 
v3 dataset relies on approximate calculations in regions such as ice-free land, ocean 720 
bathymetry, and cavities under ice shelves, potentially introducing spatial biases in 
thickness estimates (Morlighem et al., 2019). Similarly, the MEaSUREs velocity 
map inevitably contains errors in flow direction derived from phase data and 
speckle tracking during SAR data processing (Mouginot et al., 2019). Thus, the 
apparent model–data mismatch not only demonstrates the non-steady-state of AIS 725 
but also reflects the challenge of validating model simulations against modern 
records that contain their own uncertainties and potential biases. This underscores 
the need for obtaining more, highly accurate, and extensive observations for 
verification and validation is crucial to better constrain ice-sheet models and 
improve the reliability of future sea-level estimation (Seroussi et al., 2020; Seroussi 730 
et al., 2023).”. 

Table 2: I suppose the numbers in brackets correspond to “high” and “low” projections 
and the individual numbers are averages but this should be stated in the table caption. 
Also, India should be Indian and Antarctica should be Antarctic. 

Response: Thanks for your suggestions.  735 

1. We have revised the content regarding the “Indian” and “Antarctic”. 
2. The confidence intervals provided in Table 2 summarize simulation results obtained 

by either enabling or disabling the sub-grid grounding-line scheme in the prediction 
process. When using the sub-grid scheme, the model applies weighted adjustments 
to ice mass changes in the ice sheet–shelf transition zone. This results in an “SGO 740 
scenario”, which defines the upper bound of the confidence interval for the sea-
level contribution in Table 2. Conversely, when this scheme is disabled, the model 
neglects these ice mass changes, yielding the “SGF scenario” that defines the lower 
bound of the interval. This methodology follows the approach of Golledge et al. 
(2015). 745 

3. In response to your feedback, we have supplemented the description of Table 2: 
“Sea level contribution (m SLE) of Antarctic Ice Sheet Basins by 2100. The 
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confidence intervals represent the range of sea-level contribution from the “SGO 
scenario to the “SGF scenario” simulation across different RCP/SSP scenarios; the 
single value denotes the mean value of this range.”. 750 

Figure 8: I would have expected to see the same scenarios carried out with the 
alternative initial conditions. 

Response: Thank you for your suggestion.  

1. Figure 8 (a) shows the spatial differences in simulated mean ice thickness between 
S1 and S2 (a set of ensemble projections from the LOW21) under RCP 2.6 and 8.5 755 
scenarios, while (b) displays the spatial differences of the ensemble mean for the 
year 2100. 

2. We have supplemented Fig. 8 (c) with the corresponding time series from the S2-
based projection. These time series—a set of projections from LOW21 obtained 
under the IPSL-CM5A-MR RCP2.6 and RCP8.5 scenarios, using the same 760 
parameter configuration as the S1-based projection—are depicted as dashed lines. 
Since the experimental configuration and model options are identical between the 
initialization and projection simulations, we only repeated the initialization to verify 
the correct setup, and were unable to replicate the full set of projection results. We 
are grateful to Prof. Lowry for providing these scenario-specific projection results. 765 

3. To improve clarity, we have revised the description in Fig. 8:  
“Spatial differences in the projected mean ice thickness between the multi-scenario 
(RCP 2.6 and RCP 8.5) ensemble means of S1 and S2 in 2050 (a) and 2100 (b). (c) 
Predicted sea level rise for “SGO scenario” to “SGF scenario” simulations under 
four scenarios (color shading) and mean values (color lines). The dashed lines 770 
represent projections from the S2 initial state—a set of results from the LOW21 
ensemble: red for RCP8.5, blue for RCP2.6.”. 

 



23 

 

Figure 9: Similar to my comment above, I would have expected to see similar results 
for the alternative initial conditions. India should be Indian. 775 

Response: Thank you for your suggestion.  

1. We have revised the content regarding the “Indian”.  

2. To facilitate comparison, we have added to the Fig.9 the S2-based time series (a set 
of projections from LOW21) of the AIS contribution to sea-level rise under RCP 
2.6 and RCP 8.5 for individual drainage basins. These projections, which use the 780 
same parameters and climate forcing as S1-based projection, are depicted as dashed 
lines corresponding to each scenario.  

3. Corresponding descriptions have been added in the text: “The solid and dashed 
lines represent projections from the S1 and S2 initial states, respectively, under 
different climate scenarios, with the S2 projections being part of the LOW21 785 
ensemble (red for RCP8.5, blue for RCP2.6).”. 

 

Response: Thanks for your suggestions. We have plotted a time series figure that 790 
displays the volume above flotation (VAF) during both the historical phase in spin-up 
and projection results under the RCP/SSP scenarios simulated using method S1. 
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Figure R2: Ice Volume above Flotation in Spin-up and Projection. Time series show 
S1-based historical period in spin-up (black), and projections under RCP/SSP scenarios 795 
(light blue, red, dark blue, orange) and constant-climate control projection (grey). 

Response: Thanks for your suggestions. We have revised this content. 

References: 

Favier, L., Jourdain, N. C., Jenkins, A., Merino, N., Durand, G., Gagliardini, O., Gillet-800 
Chaulet, F., & Mathiot, P. (2019). Assessment of sub-shelf melting 
parameterisations using the ocean– ice-sheet coupled model NEMO(v3.6)–

Elmer/Ice(v8.3). Geoscientific Model Development, 12(6), 2255-2283. 
https://doi.org/10.5194/gmd-12-2255-2019  

Gagliardini, O., Durand, G., Zwinger, T., Hindmarsh, R. C. A., & Le Meur, E. (2010). 805 
Coupling of ice-shelf melting and buttressing is a key process in ice-sheets 
dynamics. Geophysical Research Letters, 37(14). 
https://doi.org/10.1029/2010gl043334  

Hill, E. A., Gudmundsson, G. H., & Chandler, D. M. (2024). Ocean warming as a trigger 
for irreversible retreat of the Antarctic ice sheet. Nature Climate Change, 14(11), 810 
1165-1171. https://doi.org/10.1038/s41558-024-02134-8  

Hock, R., Bliss, A., Marzeion, B. E. N., Giesen, R. H., Hirabayashi, Y., Huss, M., RadiĆ, 
V., & Slangen, A. B. A. (2019). GlacierMIP – A model intercomparison of 
global-scale glacier mass-balance models and projections. Journal of 
Glaciology, 65(251), 453-467. https://doi.org/10.1017/jog.2019.22  815 

Leguy, G. R., Asay-Davis, X. S., & Lipscomb, W. H. (2014). Parameterization of basal 
friction near grounding lines in a one-dimensional ice sheet model. The 
Cryosphere, 8(4), 1239-1259. https://doi.org/10.5194/tc-8-1239-2014  

Van Der Veen, C. J., Stearns, L. A., Johnson, J., & Csatho, B. (2017). Flow dynamics 
of Byrd Glacier, East Antarctica. Journal of Glaciology, 60(224), 1053-1064. 820 
https://doi.org/10.3189/2014JoG14J052  


