
 1 

The authors sincerely thank the RC2 for his helpful and constructive comments. All comments have been 2 

carefully considered in the revised manuscript. Our responses are written in blue, and excerpts from the 3 

manuscript are italicized. Line numbers refer to the revised manuscript. 4 

 5 

Summary  6 

van Aalderen et al. investigate how the mechanism of the Marine Ice Sheet Instability (MISI) 7 

affected the Barents-Kara Ice Sheet (BKIS), a marine based ice sheet which existed in the 8 

past. Studying past behaviours of marine based ice sheets prone to MISI may inform us how 9 

other marine ice sheets, such as West Antarctic, could respond.  10 

Based on their findings they suggest that atmospheric forcing can be a trigger for MISI and 11 

should be accounted for in future Antarctic projections. I think that it is valuable to 12 

investigate the state of past ice sheets and informative for future studies, and the scope is well 13 

within the scope of Climate of the Past. However, I am missing stronger proof that MISI is 14 

really being observed, as for now it seems rather a qualitative assessment. Transects of 15 

affected basins would convince me that MISI is indeed occurring.  16 

General comments  17 

MISI  18 

The abstract states: "Contrary to current interpretations found in the literature, which 19 

suggest that a MISI is primarily initiated by ocean-induced basal melting." I disagree with 20 

this framing.  21 

MISI is a self-sustained retreat of marine ice sheets on retrograde bed slopes. If the grounding 22 

line sits at a local bedrock maximum (below sea level), perturbations in grounding- line flux 23 

can destabilize it and trigger retreat (Pattyn et al., 2012; Schoof 2007). For the Antarctic Ice 24 

Sheet, it is widely accepted that ocean warming thins ice shelves, reducing their buttressing 25 

effect and increasing grounding-line flux (also, as stated in the discussion, other mechanisms 26 

can also limit ice-shelf stability, such as hydrofracturing). Hysteresis experiments on the 27 

Antarctic Ice Sheet show that atmospheric warming alone can trigger MISI (Swierczek -28 

Jereczek et al., 2026).  29 

While we do expect ocean-induced melting to be the dominant trigger for the West Antarctic 30 

Ice Sheet, I would not state that MISI is primarily initiated by ocean-induced basal melting. 31 

In milder climates, the atmosphere could plausibly act as the trigger instead. I'd suggest either 32 

removing this sentence from the abstract, or rephrasing it to something like: "We find an 33 

atmospherically triggered MISI."  34 

We thank the reviewer for this remark, and we agree with this more accurate framing. We 35 

have revised the abstract accordingly, replacing the original statement with a phrasing that 36 

presents our finding as an atmospherically triggered MISI, rather than a general claim about 37 

the primary trigger of MISI. 38 

(l17)“While ocean-induced basal melting is often considered the primary trigger of MISI, 39 

largely due to a focus on the West Antarctic Ice Sheet in the existing literature, our results 40 

show that atmospheric warming can also directly trigger such a dynamic instability, and 41 



suggest that atmospheric warming can trigger a MISI and therefore be responsible for the 42 

retreat of the BKIS.” 43 

 44 

If your MISI is atmospherically driven, what is the actual trigger mechanism? Is it surface 45 

melt at or near the grounding line, or is it a warmer ice column reducing ice viscosity and 46 

thereby increasing ice velocities? Finally, it would be good to provide transects of the regions 47 

where you claim MISI is occurring. Plotting a transect along an ice-flow streamline would 48 

clearly demonstrate the deeper bedrock and show how the grounding line potentially 49 

stabilizes at bedrock minima. This is difficult to assess from the 2D bed elevation maps alone.  50 

 51 

To directly address the question of the triggering mechanism, we have added transects along 52 

an ice-flow streamline through the region where the MISI occurs (new Fig. S15), as 53 

suggested by the reviewer. This allows a much clearer visualization of the underlying bed 54 

topography than the 2D maps alone. 55 

 56 

Figures S15a, S15c, S15d correspond to the experiments where the atmospheric warming is 57 

halted at 14.5, 15, and 15.5 ka respectively. Figure S15b corresponds to the zero-lapse rate 58 

experiment and the warming also ceases at 14.5 ka (Section 3.4, Fig. 6).  59 

 60 

These transects confirm that the bedrock deepens progressively toward the interior of the 61 

BKIS, but critically, the retrograde section is preceded by a bedrock high (see point “x” in 62 

figure S15) near the LGM grounding- line position. The triggering mechanism we identify is 63 

surface melt-driven thinning of the ice near the grounding line. As atmospheric temperatures 64 

rise, surface melting progressively thins the ice near the grounding line. Once this thinning 65 

is sufficient to bring the ice close to flotation, the grounding line is able to migrate across the 66 

bedrock high. Beyond this topographic high, the grounding line reaches the retrograde 67 

section of the bed, where it becomes mechanically unstable and MISI is initiated, driving a 68 

self-sustained retreat. 69 

 70 

In the 15.5 ka experiment, atmospheric warming is stopped before ice thinning is sufficient 71 

to drive the grounding line across the bedrock high (see point “x” in figure S15). 72 

Consequently, the grounding line remains stable on the still-prograde section of the bed. By 73 

contrast, in the 15 ka case, warming continues long enough to drive the grounding line 74 

beyond the bump and onto the retrograde slope, thereby triggering the self-sustained retreat 75 

(see Fig S15 and Fig 7). 76 

 77 

The comparison between Figures S15 and S15 provides complementary evidence. When the 78 

lapse rate is set to zero from 14.5 ka onward (removing the elevation-temperature feedback), 79 

the grounding line stabilizes on the bedrock high itself (see point “y” in figure S15), where 80 

the bed slope is non-retrograde, thereby halting the MISI. When the lapse rate is instead kept 81 

active, the elevation-temperature feedback continues to enhance surface melt as the ice thins, 82 

allowing further ice thinning until flotation is reached and the grounding line advances 83 

beyond the bump. Once the grounding line reaches the unstable retrograde section, a self-84 

sustained retreat occurs, allowing the MISI to resume. This confirms that the atmospher ic 85 

forcing is the mechanism by which our simulated MISI is triggered.  The elevatio n-86 

temperature feedback helps the grounding line crossing of the stabilizing bedrock high rather 87 



than being the trigger itself. We note, however, that this experiment does not allow us to 88 

disentangle the respective contributions of ice viscosity changes and surface mass balance 89 

changes to this effect. Doing so would require additional experiments in which SMB is 90 

allowed to evolve as in our reference simulations, but without the corresponding change in 91 

ice temperature and viscosity. We consider the role of viscosity to be minor compared to that 92 

of SMB, but this cannot be formally demonstrated with the experiments presented here. 93 

 94 

We added these results in the manuscript as follows:  95 

(l633)“A streamline transects through the region of retreat (Figure S15) confirms that the 96 

bedrock deepens progressively toward the interior of the BKIS, but that the retrograde 97 

section is preceded by a local bedrock high near the LGM grounding-line position (point 98 

"x", Figure S15). As atmospheric temperatures rise, progressive surface melting brings the 99 

ice close to flotation, allowing the grounding line to migrate beyond this bedrock high and 100 

onto the retrograde slope. The ice sheet therefore becomes mechanically unstable allowing 101 

a self-sustained retreat characteristic of the MISI. This indicates that the triggering 102 

mechanism is surface melt-driven thinning of the ice near the grounding line, 103 

This is illustrated by comparing the experiments where the climate is stabilized at 15.5 104 

(Figure S15d) and 15 ka (Figure S15c).  105 

In the 15.5 ka experiment, atmospheric warming is stopped before ice thinning is sufficient 106 

to drive the grounding line across the bedrock high (see point “x” in figure S15). 107 

Consequently, the grounding line remains stable on the still-prograde section of the bed. By 108 

contrast, in the 15 ka case, warming continues long enough to drive the grounding line 109 

beyond the bump and onto the retrograde slope, thereby triggering the self-sustained retreat 110 

(see Figure S15c and Figure 7).  111 

The comparison between Figures S15a and S15b provides complementary evidence. When 112 

the lapse rate is set to zero from 14.5 ka onward (removing the elevation-temperature 113 

feedback), the grounding line stabilizes on the bedrock high itself (see point “y” in figure 114 

S15), where the bed slope is non-retrograde, thereby halting the MISI. When the lapse rate 115 

is instead kept active, the elevation-temperature feedback continues to enhance surface melt 116 

as the ice thins, allowing further ice thinning until flotation is reached and the grounding 117 

line advances beyond the bump. Once the grounding line reaches the unstable retrograde 118 

section, a self-sustained retreat occurs, allowing the MISI to resume. This confirms that the 119 

atmospheric forcing is the mechanism by which our simulated MISI is triggered.  The 120 

elevation-temperature feedback helps the grounding line crossing of the stabilizing bedrock 121 

high rather than being the trigger itself. We note, however, that this experiment does not 122 

allow us to disentangle the respective contributions of ice viscosity changes and surface mass 123 

balance changes to this effect. Doing so would require additional experiments in which SMB 124 

is allowed to evolve as in our reference simulations, but without the corresponding change 125 

in ice temperature and viscosity. We consider the role of v iscosity to be minor compared to 126 

that of SMB, but this cannot be formally demonstrated with the experiments presented here.” 127 

 128 

 129 

 130 



 131 

Figure S15: Transects of ice-flow streamlines through the region of BKIS retreat, showing 132 

bed topography (brown), grounded ice and floating ice (light blue) and sea (dark blue) at 133 

successive time steps for different fixed-forcing experiments. a: Stabilization experiment at 134 

14.5 ka, shown at −15, −14.5 and −14 ka. b: Same as a, but for the stabilization experiment 135 

at 14.5 ka with the lapse rate set to 0 °C km⁻¹ from 14.5 ka onward. but for the stabilizat ion 136 

experiment at 15.5 ka. c: Same as a, but for the stabilization experiment at 15 ka, shown at 137 

−17, −16 and −15 ka. d: Same as c, but for the stabilization experiment at 15.5 ka. Points "x" 138 

and "y" mark the local bedrock highs preceding the retrograde slope.  139 



LGM state  140 

It appears you are simulating a too-thick ice sheet compared to reconstructions. You permute 141 

your β_min value, which caps your friction, but as already noted, this is more of a numerica l 142 

artifact than a physically meaningful behavior. Given that β = C_f·C_sedim·N I would expect 143 

your friction coefficient (C_f) to play a stronger role, since it will affect the whole ice sheet 144 

and not just grid points beyond a threshold. You use a spatially uniform friction coefficient 145 

of 1.5×10⁻⁶ m/yr, could you clarify why this value was chosen? Is it based on other 146 

experiments or other ice sheets? Does it provide a good match to your LGM constraints? I 147 

recognize this may not be the aim of the paper and could involve substantial extra work, but 148 

I believe permuting friction-related parameters, rather than β_min, would produce a more 149 

realistic ice sheet and a more informative comparison against reconstructions.  150 

We agree with the reviewer. Although β_min directly caps friction only at grid points where 151 

the computed β would otherwise fall below this threshold, its influence is not restricted to 152 

those specific points but propagates across the whole ice sheet, since local basal conditions 153 

influence upstream ice flux and thickness through the coupled ice-flow equations.  154 

This is illustrated in Figure S3 and S4 which compare ice volume and extent to 155 

reconstructions (see below). Thes figures show that ice thickness at the center ok BKIS itself 156 

differs depending on the β_min value used, confirming that this parameter affects the ice-157 

sheet geometry well beyond the specific grid points where the β_min cap is locally active.  158 

As shown in Fig. S3 and S4 (see below), lower β_min values consistently produce ice 159 

volumes in better agreement with the GLAC-1D and ICE-6G_C reconstructions. This is why 160 

we adopted β_min = 10 Pa·s·m⁻¹ as our reference value. We also note that a similar lower-161 

bound approach on basal friction is implemented in other ice-sheet models. 162 

The value used in the present study (1.5×10⁻⁶ m yr⁻¹) was adapted from the default values 163 

calibrated for Antarctic simulations in Quiquet et al. (2018), rescaled to obtain basal 164 

velocities of a realistic order of magnitude for the BKIS configuration. We acknowledge that 165 

systematically testing different C_f values could yield a more realistic ice-sheet geometry 166 

and a more informative comparison against reconstructions than permuting β_min alone. 167 

However, in our previous study (van Aalderen et al., 2024), we tested different basal sliding 168 

laws and consistently found a similar sensitivity of the ice sheet to atmospheric and oceanic 169 

forcings regardless of the specific friction formulation adopted. While we agree that a 170 

dedicated exploration of C_f would be valuable future work, we do not expect that variations 171 

in this parameter alter the main conclusions of the present study, which focus on the relative 172 

sensitivity of BKIS retreat to atmospheric versus oceanic forcing rather than the absolute 173 

LGM ice-sheet geometry. 174 

We clarified in the manuscript:  175 

Line 140“where Cf is an internal constant parameter, adapted from the value calibrated for 176 

Antarctic simulations by Quiquet et al. (2018)” 177 



 178 

Figure S3: up: Ice volume simulated at the end of the 100.000 years of spin up simulations for different values of 𝛽𝑚𝑖𝑛 179 

compared to reconstructions. down: same as up but for ice extent .  180 

 181 

 182 

Figure S4: Initial ice thickness, in meter, of grounded ice (in blue) and ice shelves (in pink) for different values of 𝛽𝑚𝑖𝑛. 183 

The white line shows the DATED1 ice extent at the LGM.   184 

 185 

 186 



You reduce friction over sediments, could you provide a spatial map of the sediment 187 

distribution used in the model? This would make it much clearer how and where friction is 188 

being reduced.  189 

We have added a supplementary figure (Fig. S2) showing the spatial distribution of sediment 190 

thickness used to compute the C_sedim term of the basal friction coefficient (Section 2.1), 191 

overlaid with the LGM ice-sheet extent from the DATED-1 reconstruction 192 

 193 

Figure S2: Sediment thickness (C_sedim) in the BKIS region used to compute basal friction 194 

(see Section 2.1). The white line shows the LGM ice-sheet extent from the DATED-1 195 

reconstruction (Hughes et al., 2016). 196 

Climate index  197 

Experiments used to attribute the MISI trigger to atmospheric warming rely on the 198 

iLOVECLIM index because it "offers a better agreement with the reconstructions when used 199 

in the GRISLI reference simulations" (L480-482). However, the authors also note that the 200 

LGM ice sheet is likely too thick/too extensive compared to reconstructions and that 201 

iLOVECLIM "appear[s] to overestimate the warming at the onset of deglaciation (21-15 ka)" 202 

(L322-324). This is precisely the window in which the key early retreat (18-16 ka, 203 

Bjørnøyrenna) is simulated. Could the good agreement with reconstructed retreat timing 204 

partly reflect compensating errors? An oversized initial ice sheet requiring a warm-biased 205 

forcing to retreat on time, rather than iLOVECLIM correctly capturing the deglaciat ion 206 

trigger?  207 

We thank the reviewer for raising this important question of compensating errors, which 208 

deserves careful consideration. 209 

Regarding the apparent overestimation of warming by the iLOVECLIM index relative to 210 

Osman et al. (2021) at the onset of deglaciation (21–15 ka), we acknowledge this 211 

overestimation and agree it is worth being investigated further. However, we note that the 212 

Osman et al. (2021) reconstruction has very sparse proxy coverage at high northern latitudes 213 

and explicitly excludes records within present-day sea-ice extent.  This means there is likely 214 

little to no direct proxy constraint over the Barents-Kara shelf itself. The reconstructed signa l 215 

there is instead largely carried by long-distance covariance with more distant records. Given 216 

this, we consider the discrepancy between iLOVECLIM and Osman et al. (2021) over the 217 

BKIS region to be an open question rather than firm evidence that iLOVECLIM is biased 218 

warm, and we present it as such in the revised manuscript. We added in the manuscript:  219 



(l363)“However, that the Osman et al. (2021) reconstruction has very sparse proxy coverage 220 

at high northern latitudes, and explicitly excludes records within present-day sea-ice extent. 221 

This means that there is likely little to no direct proxy constraint over the Barents-Kara shelf 222 

itself. The reconstructed signal in this region is instead largely carried by long-distance 223 

covariance with more distant records. We therefore consider the discrepancy between the 224 

iLOVECLIM index and the Osman et al. (2021) reconstruction over the BKIS region during 225 

this time period to be an open question warranting further investigation, rather than firm 226 

evidence that the iLOVECLIM index is biased warm at the onset of deglaciation. Osman et 227 

al. (2021) nonetheless still provides a useful indication of the overall amplitude of warming 228 

to be expected over this period, even if the precise regional signal over the BKIS itself should 229 

be interpreted with caution.” 230 

Second, while we acknowledge that our LGM ice sheet overestimates ice extent in some 231 

sectors of the BKIS domain, the overall simulated LGM ice volume is in good agreement 232 

with the GLAC1D and ICE-6G_C reconstructions (Fig. S2). Importantly, in the 233 

Bjørnøyrenna region specifically (the sector where the early retreat (18–16 ka) discussed by 234 

the reviewer actually occurs) neither the simulated ice volume nor the ice extent at the LGM 235 

shows the systematic overestimation found elsewhere in the domain (see Figs. S3, S4). Since 236 

this is precisely the region driving the early deglaciation signal, we do not believe the good 237 

agreement in retreat timing in this specific sector can be attributed to a compensating error 238 

between an oversized initial ice sheet and a warm-biased forcing. 239 

We agree this compensating error concern remains a legitimate consideration for other 240 

sectors of the BKIS where the initial ice-sheet extent is overestimated. This is precisely why 241 

we chose to focus our analysis on the early atmospherically-triggered retreat on the 242 

Bjørnøyrenna ice stream. 243 

Sensitivity experiments  244 

Instead of only plotting snapshots, it would be informative to also plot sea-level and ice-245 

extent curves for your sensitivity experiments. I would also suggest using a quantitat ive 246 

metric to assess whether an abrupt change is genuinely occurring in your simulations, for 247 

example, the sea-level rise rate, or AR(1) coefficients 248 

 249 

-We have added a new supplementary figure (Fig S14) showing the temporal evolution of 250 

ice extent and the rate of ice-extent loss in the Bjørnøyrenna region for the DEGLA-ATM-251 

LGM, DEGLA-NOBMELT, DEGLA-NOBMELT-NOGL and DEGLA-NOSL 252 

experiments. This figure confirms the same ordering already discussed qualitatively in 253 

Section 3.3. The DEGLA-NOSL experiment (sea level at −1000 m) exhibits the slowest and 254 

least extensive ice loss than the other experiments. The DEGLA-NOBMELT-NOGL and 255 

DEGLA-NOBMELT experiments also lose ice slower and less extensive ice loss than the 256 

Reference experiment.  257 



 258 

Figure 14: Left: Evolution of BKIS ice extent through time for the reference, DEGLA-ATM-LGM, DEGLA-259 

NOBMELT, DEGLA-NOBMELT-NOGL and DEGLA-NOSL experiments (Section 3.3). Right: Same as left, 260 

but showing the rate of ice-extent loss through time for the same experiments. 261 

You show snapshots starting at 15 ka BP, but I would be curious to see how the ice-sheet 262 

configuration looks at the LGM as well  263 

-The LGM ice-sheet configuration for these simulations are already in the supp (Fig S4). 264 

In your permutations, I am missing an experiment with oceanic forcing but without the flux 265 

condition. I think this would be more informative for isolating the role of flux conditions 266 

than permutation 4, since lowering sea level by 1000 m effectively creates a different 267 

environment altogether rather than isolating the flux effect. Also, in experiment 4 I am 268 

surprised that the simulated ice sheet is similar in extent, or even smaller, than some of the 269 

other permutations. Are you imposing a mask that prevents further extension?  270 

 271 

-Regarding the extent of DEGLA-NOSL appearing similar to, or smaller than, other 272 

experiments despite the absence of basal melt and calving: ice extent in this experiment is 273 

entirely controlled by the surface mass balance, since basal melt, grounding- line flux, and 274 

calving are all eliminated. The ice sheet does not advance further because the SMB derived 275 

from the PMIP forcing is already negative over the continental shelf areas beyond the LGM 276 

ice margin (see figure below), preventing further southward or seaward advance. There is no 277 

additional imposed mask limiting extent.  278 

 279 

Figure: Surface mass balance calculated for an ice-free state using each GCM forcing. The 280 

white line indicates the ice extent from DATED1, while the pink line shows the ice extent at 281 

the end of the equilibrium state simulations. 282 



 283 

-Following the reviewer's suggestion, we conducted a new experiment (DEGLA-NOGL, Fig 284 

below), in which ocean basal melting is retained while the grounding-line flux 285 

parameterization is removed. As expected, comparison with the reference simulat ion 286 

indicates that the grounding line retreats slower and over a shorter distance in the 287 

Bjørnøyrenna sector. This suggests that, in our reference simulations, the grounding- line flux 288 

parameterization, allowing the model to simulate grounding- line instabilities, could be 289 

responsible for the rapid retreat observed in this region. However, as in DEGLA-290 

NOBMELT-NOGL, we also observe a comparatively faster retreat in the Siberian sector of 291 

the BKIS. We attribute this behavior to the abrupt removal of a parameterization of the flux 292 

at the grounding line that was included in the construction of the initial-state, which 293 

introduces an additional perturbation beyond the intended isolation of the flux effect. 294 

 295 

We then added this experiment in the supplementary (fig S17). 296 

 297 

 298 

Fig: Ice thickness (in meters) of grounded ice (blue shaded areas) and ice shelves (pink 299 

shaded areas) at different time steps using the iLOVECLIM index, the MPI-ESM1.2 forcing 300 

and B_min  = 10 Pa.s.m-1 for the reference, the DEGLA-ATM-LGM, DEGLA-NOGL, 301 

DEGLA-NOBMELT, DEGLA-NOBMELT-NOGL and DEGLA-NOSL. 302 

 303 

  304 



Specific comments  305 

Summary figure  306 

Although this is included in the supplementary material, I think it would be valuable to have 307 

a figure in the main manuscript that summarizes the BKIS location alongside the 308 

reconstructed ice extent. This would give readers a clearer visual sense of the ice sheet's 309 

configuration. Also, you mention regions like Bjørnøyrenna but it is not really informative 310 

without a figure summarizing these zones.  311 

 312 

Done, see figure 1 in the manuscript. 313 

 314 

Flux scheme  315 

Does your flux scheme include any buttressing coefficient?  316 

Yes. As described in Quiquet et al. (2018), the Schoof (2007) grounding- line flux 317 

parameterization used in GRISLI explicitly depends on the buttressing effect. This is 318 

computed by calculating ice velocities twice (once with, and once without, the ice shelves) 319 

and using the ratio of these two velocity fields to estimate the buttressing factor applied to 320 

the grounding- line flux. 321 

We clarified it in the manuscript as follow: 322 

(l152)“The buttressing effect is accounted for in this parameterization by computing ice 323 

velocities twice, with and without the ice shelves, and using the ratio of the two resulting 324 

velocity fields to estimate a buttressing factor applied to the grounding-line flux (Quiquet et 325 

al., 2018).” 326 

 327 

Oceanic climate index  328 

Does your index include depth?  329 

Yes. The oceanic index (Eq. 4) is computed independently at each depth level of the ocean 330 

column, so that the resulting transient ocean temperature and salinity forcing (Eq. 5) is also 331 

depth-resolved, rather than applying a single depth-averaged or surface-only index 332 

throughout the water column. We have clarified this point in the manuscript: 333 

(l303)“The oceanic index is computed independently at each depth level within the ocean 334 

column, resulting in a is depth-resolved transient ocean forcing (Eq. 5) rather than applying 335 

a single depth-averaged index uniformly across the water column.” 336 

L41  337 

"sensitive to oceanic condition variations", suggest simplifying to "sensitive to oceanic 338 

variations."  339 

Done 340 

 341 

L53  342 

"can only be tempered by ice-shelf buttressing", I am not sure about this statement. I think 343 

that high accumulation could also avoid MISI (Feldmann et al., 2019).  344 

 345 

We adjusted the manuscript as follows: 346 

(l52)“The MISI is a self-sustained instability that can be tempered by ice-shelf buttressing 347 

(Schoof, 2012; Goldberg et al., 2009), or halted once the grounding line reaches a prograde 348 



bed slope, encounters changes in basal friction beneath the grounded ice or by high 349 

accumulation rates (Feldmann et al., 2019)” 350 

L70  351 

Which type of biases? A more stable grounding line, you mean?  352 

Yes, that is correct. We meant that the absence of a proper representation of grounding- line 353 

flux dynamics likely leads to a poorly represented retreat of the grounding line, which ma y 354 

have affected the relative contribution attributed to oceanic forcing in these studies. 355 

We added in the manuscript: 356 

(l69)“Both studies, however, do not include a representation of grounding-line dynamics. 357 

Without it, the retreat of the grounding line is likely to be poorly represented, which may 358 

have affected the relative contribution attributed to oceanic forcing in these studies.” 359 

 360 

L136  361 

"inlcuding" (typo)  362 

Done 363 

 364 

L154  365 

You cite van Aalderen et al. (2024) as showing the lapse rate "plays only a very minor role," 366 

which is why it is fixed at 7 °C/km. However, in Fig. 6b, removing the lapse-rate/elevat ion 367 

feedback appears to roughly double the residual ice volume by the end of the -14.5 ka 368 

stabilization experiment compared to the standard 7 °C/km run. This does not look like a 369 

minor effect 370 

 371 

We thank the reviewer for pointing out this apparent inconsistency. We agree that our 372 

original wording was misleading. Our previous study showed that the lapse rate has only a 373 

minor influence on the nature and occurrence of the processes driving BKIS retreat (i.e., 374 

whether atmospheric warming can trigger the deglaciation of BKIS), but not necessarily on 375 

the resulting dynamics or magnitude of ice loss once retreat is underway. As the reviewer 376 

correctly notes, our own results in Fig. 6b show that the lapse rate can have a substantia l 377 

impact on the ice volume evolution through the elevation-temperature feedback, which 378 

amplifies the retreat once it is triggered. We have revised the corresponding sentence in the 379 

Introduction to reflect this distinction: 380 

 381 

(l171)“While van Aalderen et al. (2024) show that the lapse rate can influence the dynamics 382 

of BKIS retreat, it does not affect whether atmospheric warming is able to trigger it in the 383 

first place. In order to limit the number of varying parameters in this study, we therefore 384 

fixed the lapse rate to a representative average value of 7 °C km⁻¹ in our reference 385 

configuration." 386 

 387 

L281  388 

I do not think that your precipitation is calculated the same way, as this would imply 389 

potentially negative precipitation rates. Probably you are scaling with the index, right?  390 

The reviewer is correct. The same temperature-based (for precipitation) or oceanic-based (for 391 

salinity) index is used to scale precipitation and salinity between their LGM and PI values, 392 

following the same interpolation approach as in Eq. 5. We modified the manuscript as 393 

follows: 394 



 395 

(l320)“Salinity and precipitation are calculated using the same index as computed from 396 

atmospheric and oceanic temperatures, respectively” 397 

 398 

Figure 2  399 

In Panel d you have a plateau behaviour between 17-14 ka BP. It looks saturated around -3, 400 

probably because you are not allowing it to freeze more?  401 

Yes, that is correct. As noted in Section 2.2.3.1, the ocean temperature is bounded at the local 402 

freezing point, which prevents it from cooling further once this threshold is reached. In 403 

addition, the climate index itself is constrained between −2 and 2 (Section 2.2.3.1) to prevent 404 

unrealistic numerical overshoots, which could also contributes to the apparent plateau visib le 405 

in this panel between ~17 and 14 ka  406 



Figure 3  407 

Your Figure 3 shows the relative ice thickness and ice area loss, however this comparison is 408 

tricky since you do not have the same extent nor ice volume value. I would put absolute 409 

values.  410 

Done, and added in the supplement (Fig. S6). 411 

 412 

 413 

Figure S6: left: Ice volume loss in the BKIS region, for each of the five GCM-forced 414 

simulations using the iLOVECLIM index (black lines) compared to the GLAC1D (red) and 415 

ICE-6G_C (blue) reconstructions. right: Same as left, but with the TRACE21k index. 416 

 417 

L546  418 

"Although ice loss continues, mainly due to the temperature-elevation feedback", it could be 419 

just due to the drift and that you are not yet in an equilibrated state, right?  420 

The continued ice loss after climate stabilization at 15.5 ka indeed reflects the ice sheet the 421 

progressive re-equilibration to the newly stabilized climate. This is done through the 422 

elevation-temperature feedback as well as other physical parameters (e.g., ice viscosity, basal 423 

friction) that continue to adjust as the ice-sheet geometry evolves toward a new equilibr ium 424 

state. We corrected the manuscript as follows:  425 

(l601)“When atmospheric warming is halted at 15.5 ka, the increase in surface melt is 426 

insufficient to trigger an abrupt retreat of the BKIS. Ice loss continues as the ice sheet 427 

progressively re-equilibrates to the newly stabilized climate. This is achieved, through the 428 

elevation-temperature feedback and other physical parameters (e.g., ice viscosity, basal 429 

friction) that continue to adjust as the ice-sheet geometry evolves. The response nonetheless 430 

remains moderate and no destabilization occurs” 431 

 432 

Figure 6  433 

You state at L562-569 that when removing the lapse rate factor, your ice sheet still retreats 434 

due to MISI, but the simulated curve is different. To me it looks like MISI is not present. If 435 

so, then the melt-elevation feedback could be the trigger for MISI.  436 

We show in Fig. S15 that rising atmospheric temperatures place the grounding line in an 437 

unstable position, triggering a MISI. However, we also show that the bed is not strictly 438 

retrograde throughout. A local bedrock high (point "y", Fig. S15) interrupts the retrograde 439 

slope, and the grounding line can stabilize again, temporarily halting the instability. In the 440 

zero-lapse-rate experiment, once atmospheric warming stops, the grounding line stabilizes 441 

on this bump rather than continuing to retreat. As a result, the grounding line only crosses 442 



this bump and re-enters an unstable configuration, allowing MISI to resume, once 443 

atmospheric forcing drives sufficient additional thinning. We note, however, that the zero-444 

lapse-rate configuration is an idealized case designed to isolate this feedback specifically. In 445 

our reference experiments, it is the combined contribution of both the elevation-temperature 446 

feedback and continued warming from the forcing itself that places the grounding line in an 447 

unstable configuration (i.e., on the retrograde slope).  448 

 449 

L689  450 

"Increasing the lower bound of the basal friction coefficient reduces ice sliding", I agree that 451 

increasing friction reduces ice sliding, but for me your friction coefficient is c_f and not 452 

β_min. β_min is a lower limit to avoid high velocities due to numerics. The way I understand 453 

this is that you are not reducing the friction, that would mean reducing c_f; you are limit ing 454 

your friction. Also, instead of 2D maps I would appreciate seeing the temporal evolution of 455 

ice volume for different β_min values over your whole experiment.  456 

 457 

We agree with this comment and modified the manuscript has follow:  458 

 459 

Line 806“Compared to a low beta_min  value, increasing the lower bound of the basal drag 460 

coefficient leads to higher minimum basal friction, and therefore to lower ice velocities. 461 

Overall, the results indicate that the value of  beta_min has  only a limited impact on the 462 

BKIS dynamics, as these additional simulations exhibit the same behavior than the references 463 

simulations.” 464 

 465 

The figure below (added in the supplementary, fig S18) shows the temporal evolution of 466 

BKIS ice volume for each of the tested β_min values (10, 50, 100 Pa·s·m⁻¹) over the full 467 

deglaciation experiment. This complements the 2D ice-thickness maps already shown in 468 

Figs. S3-S4, S8-S9. 469 



 470 

Figure: a: Ice volume loss in the BKIS region, for each of the five GCM-forced simulations 471 

using the iLOVECLIM index (black lines) compared to the GLAC1D (red) and ICE-6G_C 472 

(blue) reconstructions with β_min=10. b: Same as a, but with β_min=50. c: Same as a, but 473 

with β_min=100. 474 

 475 

 476 

L744  477 

"Each of this steps", typo, should read "Each of these steps." 478 

Done 479 

 480 
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