
Reviewer 1 
 
I find that quite a few sentences suffer from poor readability, mainly because they 
are excessively long or structurally too complex or awkward. I therefore 
recommend revising them to improve readability. The examples below are 
sentences for which I propose revisions, but they are by no means the only ones 
that would benefit from revision. Sections 3 and 4, in particular, require careful 
revision to improve clarity and readability. 
 
Response: We addressed all of the examples and have also read through the whole 
manuscript with an ear to improving readability. We provide screenshots below of the 
changes in response to specific suggestions, shoiwng the new line numbers. 
 
l.49-52 "We review how ... most robust." 
 

 
 
l.78-82 "Shown ... freshened by sea-ice melt." 
 

 
 
l.101-104 "Sea-ice extent ... (Sarmiento et al., 2004)." 
 

 
 
l.197-200 "Although this ... manageable." 
 

 
 
l.269-272 "The LGM provides ... LGM oceanic circulation." 



 

 
 
l.276-269 "The characteristics ... or bulk sediment." 
 

 
 
l.385-387 "Regardless of ... during the LGM." 
 

 
 
 
l.426-429 "A complex suite ... (Fig.5)." 
 

 
 
l.429-432 "These complex relationships ... (Massom et al., 2018)" 
 

 
 
l.445-448 "The disintegration ... (e.g. Miles and Bingham, 2024)." 
 
 



 
 
l.452-455 "Additionally, ... Stepney et al., 2024). " 
 

 
 
l.475-479 "This scenario ... (Kusahara et al., 2023)." 
 
 

 
 
l.533-535 "In these locations, ... (Jourdain et al., 2017)" 
 



 
 
l.544-548 "Proxy records ... spring insolation." 
 

 
 
l.583-586 "Additional spatial coverage ... in the modern ocean." 
 

 
 
l.608-611 "Because the winter ... atmospheric circulation." 
 

 



 
 
l.626-630 "Note that ... in response to strong" 
 

 
 
l.643-646 "The ghost flux ... (Deser et al., 2015)." 
 

 
 
l.664-666 "While a 7-degree ... of the SHW." 

 
 
l.680-683 "However, in these simulations ... slightly poleward." 
 

 
 
l.685-687 "This state dependence ... climate scenarios. " 
 

 
 
 
l.688-690 "It may be ... deglacial change." 



 
 
l.716-718 "While there are ... shifts SHW poleward." 
 

 
 
l.722-725 "Both the ... Antarctica cooled." 
 

 
 
l.748-750 "However, ... the case is not closed." 
 

 
 
l.805-809 "Both pack ice ...(Lannuzel et al., 2016). " 
 

 
 
l.815-817 "Interestingly, ... its iron content." 
 
This sentence has been deleted 
 
l.818-821 "Biological processes ... (Malin and Erst, 1997)." 
 



 
 
l.937-941 "Longer reconstructions ... productivity." 
 

 
 
l.1037-1041 "In contrast, ... Sun and Matsumoto (2010)." 
 

 
For example, taking the sentence on l.688, one possible revision is shown below. 
 
"It may be that the offsetting effect of sea ice on winds, acting in opposition to the 
climate warming signal, operates at different strengths in the various models, 
resulting in a wide range of predicted wind shifts when simulating the deglacial 
change." 
 
 
-> "The offsetting effect of sea ice on winds, acting in opposition to the climate 
warming signal, may differ in strength across models. This variability could explain 
the wide spread in simulated deglacial wind shifts." 
 
Splitting it into two sentences improves readability and, as a result, makes the 
overall text shorter. 
 
Similarly, l.716 would be: 
 
"While there are many possible explanations for this discrepancy, including biases 
in the observational constraints, one possibility is that the sea-ice effect on SHW is 
too strong in the models, overcompensating for the warming-driven trend that 
shifts SHW poleward." 



 
-> "Several factors could account for this discrepancy, including biases in the 
observational constraints. One possibility is that models overestimate the 
influence of sea ice on SHW, which overcompensates the warming-driven 
tendency for SHW to shift poleward." 
 
 
[other minor issues] 
------------------------ 
- The following words should be included in the abbreviation table. 
PE (shown in Fig.1) 
ssNa 
SIE (shown in Fig.2) 
SAM 
PFZ 
SSIZ 
 

 
 
- l.143 
Does "average summer SSTs" mean global-mean summer SSTs? 



 
No, only south of 40S. We have deleted ‘average’ to remove this ambiguity 
 
- The title of section 2 
Section 2 actually devotes a substantial amount of discussion not only to ocean 
circulation but also to water mass configuration. I therefore suggest revising the 
section title so that it more accurately reflects its content. 
 
The title has been changed to “Sea Ice and Southern Ocean water masses and 
circulation” 
 
- Fig.3 
Between the two illustrations, the roles of the orange and green lines are opposite. 
 
Thank you for pointing this out. We have edited the colours to make it clear that the 
LGM circulation is two closed cells, rather than a figure 8. We also adjusted the sea ice 
lid width and indicated summer and winter ice. 

 
 
- l.428 
Fig.5 is referred to in the main text earlier (l.428) than Fig.4 (l.515), which might not 
be reasonable. 
Thank you for catching this. We have added a reference to figure 4 in the final paragraph 
of section 2.2, before reference to figure 5. 
 
- l.774: the Southern Ocean is comprised of five zones ... (see Fig.2) 
Actually, only some of the five zones are shown in Fig.2. It would be better to 
visualize all of them (in Fig.2 or in a separate figure). 
 
We have added the Subtropical Front and the Subantarctic Front to Figure 2. In this way 
the 5 zones can be identified based on their descriptions, but we have not labelled 



them on Figure 2 as it is already very crowded.

 
 
- l.978 
reductio -> reduction fixed 
 
- l.1093 
The second "and" should be deleted. fixed 
 
- l.1121 
The comma after "periods" should be deleted. fixed 
  



Reviewer 2 
 
L44: add connecting word between the two parts of the sentence, or split, e.g. “Antarctic 
sea ice is closely linked to multiple components of the Earth system, *consequently* its 
demise could precipitate …” 
 
Added ‘As’ to the start of the sentence 
 
L52 “… for sea-ice reconstructions are most robust” Does this last part of the sentence 
need reprasing? 
 
We deleted the last part of the sentence, as it seemed unnecessary for the abstract. It now reads 
“We review how Antarctic sea ice interacts with ocean and atmosphere circulation, ice sheets and 
ice shelves, marine productivity, and the carbon cycle.” 
 
L78 Add some punctuation apart from commas to clarify this sentence. For example 
“Shown are major water masses discussed in the text, including dense shelf water 
(DSW), which forms Antarctic Bottom Water (AABW), produced through brine rejection 
during sea-ice production; Circumpolar Deep Water (CDW), upwelling due to surface 
wind stress; and Antarctic Intermediate Water (AAIW), freshened by sea-ice melt.” 
 

 
 
L85 Katabatic doesn’t need capital letter? changed 
L107 Replace “strongly” with “strong”. Deleted ‘has’ to correct grammar: “Through these 
physical and biogeochemical processes, sea ice strongly influences ocean carbon uptake and the 
global carbon cycle” 
L198 “primarily” use twice, can delete one. done 
L199 Replace “simply” with “to”. 
 
We have rewritten this sentence: “Although this framing is somewhat artificial, to keep the scope 
of this review manageable here we approach sea-ice feedbacks primarily from the perspective of 
how sea ice influences the Earth system” 
 
L209 “Bathymetry” might be better than “topography” changed 
 
L428 “… ice shelves - the floating extension of glacial ice, and ice sheets - grounded at 
their base to the underlying bedrock or its sediment cover …” better written as “… ice 
shelves – the floating extensions of the grounded Antarctic Ice Sheet …”? 
 
We have deleted these explanations from this sentence and instead added them to the caption for 
figure 5: “ Figure 5: Schematic representation of the Antarctic ice sheet, grounded to the 
underlying bedrock or sediment cover, ice shelves, the extension of glacial ice, and adjacent ocean 
processes.” 
 
L542, Drivers of increasing ice shelf melt (ocean, rather than air temp) during the 
Holocene. This argument is well supported by other recent work, and neatly connects 
deep ocean changes with sea ice changes. 
First the air vs ocean temp control on ice shelf melt - there’s not much surface melting 
of ice shelves at present, and a lot of atmospheric warming is needed to reach a 
substantial contribution from surface melting, so it’s the basal melting that dominates 
the local melt fluxes under modern-like or slightly warmer climates (see Coulon et al. 
2024, 10.1029/2024GL111250). Changes in (deep) ocean temperature – rather than air 
temperature - are the main control on changes in shelf melt, both in recent decades 



(Schmidtko et al. 2014, 10.1126/science.1256117, or more recent refs) and over glacial 
cycle timescales (e.g. Clark et al. 2020, 10.1038/s41586-020-1931-7; Chandler et al. 
2025, 10.1038/s43247-025-02366-2). 
Second the feedback between ice shelf melt and ocean surface changes is alluded to 
later (L551), but as a topic of much recent interest it could be briefly introduced at the 
start of Section 3? Deep ocean warms and drives increasing melt, then the resulting 
increase in freshwater export near the surface in turn impacts sea ice formation (for an 
idealised model ensemble specifically testing that, see Muilwijk et al. 2026 10.5194/tc-
20-1087-2026, Pauling et al. in rev, 10.5194/egusphere-2026-658). In a gradually 
warming climate, the overall result might be a reduced/delayed sea ice retreat in 
comparison to deep ocean warming and ice sheet retreat? 
 
Thank you for these suggestions. We have added a sentence to the end of the intro to section 3; 
“Finally, basal melting of ice shelves, driven by warming deep ocean temperatures, can lead sea 
ice expansion, as the freshwater input and associated stratification cools the ocean surface (e.g. 
Purich et al., 2018).”  
 
We have also added a sentence to the discussion of the late Holocene records, noting the link to 
modern ice shelf melt processes: “Using δ18O of diatoms as a proxy for ice shelf meltwater in 
sediment cores from the Antarctic Peninsula (Pike et al., 2013), Adélie Land (Crespin et al., 2014), 
and Prydz Bay, Crosta et al. (2018) inferred an increase in glacial ice sheet melt and discharge 
around the Antarctic continental margin from ~ 4 ka onward with a coeval increase in spring sea 
ice in coastal regions (Crosta et al., 2018). In a similar manner to the dominance of ocean-driven 
basal melting of ice shelves today (Pritchard et al., 2012), the ice shelf melt inferred from ~4ka 
was not driven by air temperatures; ice cores show a cooling at this time, so the melt must have 
been driven by ocean warming.” 
 
Finally, we added the following to the first paragraph of section 3.4: “Temporally resolved deglacial 
records from the shelf and slope could be used to assess the coupling between glacial meltwater 
input and sea ice growth (e.g. Purich et al. 2018). Under a scenario in which ocean warming 
initiates ice shelf retreat and enhanced freshwater discharge, which in turn promotes sea ice 
expansion, such records may indicate that sea ice retreat lags both deep-ocean warming and ice-
sheet retreat during deglaciation.” 
 
L620 Replace “dynamic” with “dynamics” edited to “the dynamics of the Southern Annular 
Mode” 
 
L649 Replace “This impact” with “These impacts” changed 
 
L658 Many studies simulate increasing sea-ice associated with Southern Ocean 
freshening, and should provide additional insights into atmospheric impacts of 
expanding sea ice independently of major climatic changes. See for example Xu et al., 
2025, 10.1029/2024GL113734. 
 
Thank you for this suggestion. We have added the following to this paragraph (line 810): More 
recent studies that have modelled the response to increased freshwater input from Antarctic ice 
melt also provide insight into the atmospheric impacts of expanding sea ice. These studies 
consistently find that increased freshwater input to the Southern Ocean leads to sea ice expansion. 
The atmospheric response is likewise robust across models and attributed primarily to sea ice 
expansion: A cooling of the troposphere south of 35S and strengthening of the SHW (Xu et al., 
2024). 
 
L683 remove comma in “… colder, LGM…” we removed ‘colder’ 
 
 
L836 Indirect of sea ice on productivity. What about increasing sea ice formation leading 
to stronger AABW formation… in turn that would presumably strengthen the lower 
overturning cell in the Southern Ocean, leading to more upwelling CDW, would that 
impact nutrient availability north of the sea-ice limit and/or northwards nutrient export 
in the Atlantic MOC? 
 



Good point, we have added this sentence: “Sea-ice induced changes in the overturning 
circulation could also affect nutrient availability north of the sea-ice limit, by 
modulating the rate of upwelling of CDW.” 
 
L862 “siliceous” is an adjective missing a noun. The sentence has been fixed 
L933 add comma before “… mean that …”. done 
L966 Replace “value” with “extent”. changed 
L1055 and probably elsewhere “Antarctic temperature”, would be more precisely 
written as “Antarctic surface air temperature”? changed 
L1060 Delete “particular”. done 
L1092 Replace “climate” with “climates”. done 
L1093 Replace “suggest” with “suggests”. done 
L1094 Replace “influence” with “influences”. done 
L1106 Replace “supports for understanding” with “supports understanding of” done 
 
 
 


