
ReVSRQVeV WR UeYLeZ cRPPeQWV 1:

AC: The aXWhoUV ZoXld like Wo e[Wend oXU WhankV Wo X\laU AVa\-DaYiV foU Whe in-depWh and
inVighWfXl UeYieZ commenWV pUoYided. We haYe done oXU beVW Wo addUeVV Whem in WheiU enWiUeW\
and belieYe WhaW Whe papeU haV been enUiched and impUoYed b\ WheVe VXggeVWed changeV. The
UeYieZ commenWV aUe liVWed heUe in iWalicV and pUeceded b\ ³RC´ and Whe aXWhoUV¶ UeVponVe in
UegXlaU fonW pUeceded b\ ³AC´.

RC:

ReYieZeU: X\laU AVa\-DaYiV

I ZiVh m\ name Wo be Uela\ed Wo Whe aXWhoUV, aV I feel I am alZa\V a beWWeU UeYieZeU Zhen I am
noW anon\moXV and I encoXUage oWheUV Wo conVideU UeYieZing non-anon\moXVl\ ZheneYeU Whe\
feel able.

GeQeUal CRPPeQWV:

ThiV SaSeU SUeVenWV WZo 1-degUee NEMO VimXlaWionV, one ZiWh cloVed ice-Vhelf caYiWieV and
anoWheU ZiWh oSen caYiWieV foU Whe WhUee VelecWed ice VhelYeV: FilchneU-Ronne, RoVV and LaUVen
C. The aXWhoUV YalidaWe Whe VimXlaWionV XVing gUidded climaWological daWa, CTD VecWionV and
VaWelliWe-deUiYed SUodXcWV. The\ VhoZ WhaW Whe VimXlaWion ZiWh WhUee oSen caYiWieV (³OSen´) leadV
Wo imSoUWanW imSUoYemenWV in ZaWeU maVV SUoSeUWieV comSaUed ZiWh Whe UefeUence VimXlaWion
ZiWhoXW an\ oSen caYiWieV (³CloVed´). The\ SUoSoVe WhaW Whe configXUaWion Whe\ SUeVenW iV an
imSoUWanW VWeSSing VWone WoZaUd fXll UeSUeVenWaWion of AnWaUcWic ice VheeW-ocean SUoceVVeV in a
coXSled EaUWh V\VWem model (ESMV), and WhaW NEMO iV an eVSeciall\ good model foU WhiV ZoUk
becaXVe iW iV XVed in VeYeUal ESMV.

The SaSeU ZaV a SleaVXUe Wo Uead, iV Zell oUgani]ed and makeV a VWUong aUgXmenW foU Zh\ Whe
inclXVion of oSen caYiWieV coXld VignificanWl\ imSUoYe ESMV. I enjo\ed Whe ZUiWing VW\le of Whe
inWUodXcWion in SaUWicXlaU: I foXnd iW Wo be faU leVV dU\ Whan W\Sical inWUodXcWionV becaXVe of Whe
lighWeU and moUe liWeUaU\ ZUiWing VW\le.

I haYe Vome minoU UecommendaWionV foU imSUoYing Whe SaSeU, aV I Zill go inWo in moUe deWail in
m\ VSecific commenWV and foUmaWWing VXggeVWionV beloZ. I ZanW Wo commenW moUe geneUall\ on
foXU of Whem heUe. FiUVW, I VXggeVW inclXding Vome diVcXVVion of Whe lack of WideV in WhiV model
configXUaWion, aV Whe higheU UeVolXWion NEMO configXUaWionV WhaW \oX comSaUe Wo Veem Wo all
inclXde WideV (oU comSaUe configXUaWionV ZiWh and ZiWhoXW WideV, finding WhaW configXUaWionV ZiWh
WideV aUe beWWeU). DoeV WhiV configXUaWion inclXde an\ aWWemSW Wo caSWXUe Whe effecWV of WideV on
melWing/fUee]ing beloZ ice VhelYeV, giYen WhaW WideV aUen¶W modeled e[SliciWl\? CoXld \oX



VSecXlaWe on ZhaW Whe effecWV mighW be if WideV ZeUe inclXded, and commenW on Whe feaVibiliW\ of
inclXding WideV in global ESM VimXlaWion ZiWh NEMO?

AC:

Thank \oX foU UaiVing WhiV, iW ceUWainl\ iV ZoUWh claUif\ing hoZ WideV aUe WUeaWed in NEMO eORCA1
and WhiV ZaV miVVing in Whe oUiginal manXVcUipW. The folloZing paUagUaph haV been added XndeU
meWhodolog\ along ZiWh a VecWion in VXpplemenWaU\ maWeUial (SecW. S2):

³The effecW of WideV on YeUWical mi[ing (WhUoXgh bUeaking of inWeUnal ZaYeV) iV Waken inWo accoXnW
in NEMO XVing Whe eneUg\ conVWUained paUameWeUi]aWion of de LaYeUgne eW al. (2020). ThiV
mi[ing paUameWeUi]aWion doeV noW, hoZeYeU, UepUeVenW WUapped ZaYeV aW high laWiWXdeV oU an\
Wide-indXced inWeUnal-ZaYe mi[ing beloZ ice VhelYeV, and doeV noW inclXde Whe effecW of WideV on
baVal fUicWion and WhXV melWing of Whe ice VhelYeV. To addUeVV WhiV, b\ defaXlW WheUe iV a
paUameWeU (Un_ke0) UepUeVenWing Whe backgUoXnd kineWic eneUg\ aVVociaWed ZiWh WideV Zhich iV
VeW Wo a conVWanW of 2.5 [ 10-3 m2 V-2 eYeU\ZheUe. We WeVWed anoWheU meWhodolog\ of
paUameWeUi]ing Whe impacW of WideV on melWing accoUding Wo JoXUdain eW al. (2019) XVing
CATS2008 WZo-dimenVional Widal YelociWieV; aV VXmmaUiVed in SXpplemenWaU\ MaWeUial SecW. S2
and Fig. S1, WhiV alWeUnaWiYe paUameWeUi]aWion bUingV maUginal changeV in Whe VimXlaWed melW
paWWeUnV and bXlk melW UaWeV (< 10 %). The e[pliciW UepUeVenWaWion of WideV iV noW adYiVable in a
configXUaWion deVigned foU climaWe applicaWionV dXe Wo Whe high leYelV of nXmeUical mi[ing
indXced.´

RC:

Second, and VomeZhaW UelaWed, I Whink WheUe iV a liWWle Woo mXch Ueliance on Whe nameliVW oSWionV
SUoYided in Whe Zenodo link foU Whe model configXUaWion. ThaW file iV 6 GB, Zhich makeV iW TXiWe a
monVWeU Wo doZnload foU a model deYeloSeU WhaW iV inWeUeVWed in knoZing moUe deWailV aboXW
\oXU configXUaWion. The Zenodo Sackage iV ZondeUfXl foU a NEMO deYeloSeU inWeUeVWed in
UeSUodXcing \oXU ZoUk oU XVing iW aV a VWeSSing VWone foU fXWXUe ZoUk. BXW iW iV conVideUabl\ leVV
helSfXl foU deYeloSeUV of oWheU modelV WhaW mighW jXVW ZanW Wo knoZ a biW moUe aboXW ZhaW
SaUameWeUi]aWionV and SaUameWeUV \oX aUe XVing. FoU one, Ze ma\ be XnfamiliaU ZiWh NEMO¶V
nameliVW oSWionV. I Wook a look and I didn¶W find iW VXSeU eaV\ Wo Zade WhUoXgh. The nameliVW
filenameV (nameliVW_Uef and nameliVW_coUe_ia_cfg) don¶W make YeU\ cleaU Zhich iV ³OSen´ and
Zhich iV ³CloVed´. Diffing Whe nameliVWV VhoZ hXndUedV of diffeUenceV, making iW haUd Wo knoZ
Zhich aUe UeleYanW. All WhiV iV Wo Va\ WhaW I Whink Vome moUe deWailV (e.g. in a Wable oU in Whe
VXSSlemenWaU\ infoUmaWion) ZoXld go a long Za\.

AC:

Thank \oX foU UaiVing WhiV. The deVcUipWion on Whe daWa UepoViWoU\ haV been XpdaWed Wo claUif\ Whe
diffeUence beWZeen Whe nameliVWV pUoYided and poinW Whe XVeU Wo Whe UeleYanW NEMO UefeUence
manXal ZheUe deWailed infoUmaWion on all nameliVW paUameWeUV can be foXnd. AddiWionall\, Whe
folloZing VecWion haV been added XndeU SXpplemenWaU\ MaWeUial Wo aVViVW UeadeUV in
XndeUVWanding Whe YaUioXV fileV pUoYided:



³In Whe Zenodo daWa UepoViWoU\ aVVociaWed ZiWh WhiV manXVcUipW (10.5281/]enodo.7561767), Whe
NEMO UefeUence nameliVW (nameliVW_Uef), ³Open´ configXUaWion nameliVW (nameliVW_coUe_ia_cfg)
and Vea ice nameliVWV (nameliVW_ice_Uef and nameliVW_ice_cfg) aUe giYen. The UefeUence
nameliVW iV Whe defaXlW pUoYided ZiWh Whe NEMO code. UnleVV VWaWed oWheUZiVe in Whe ³cfg´, Whe
VimXlaWion XVeV Whe choiceV VelecWed in Whe ³Uef´ nameliVW. The nameliVW_coUe_ia_cfg iV Vpecific
Wo a global ocean configXUaWion (ZiWh modificaWionV adapWed Wo eORCA1) foUced b\ inWeUannXal
coUe ZindV. FoU moUe infoUmaWion on all Whe paUameWeUV inclXded in WheVe nameliVWV, pleaVe UefeU
Wo Whe NEMO UefeUence manXal aYailable on Zenodo (10.5281/]enodo.6334656). Of Vpecific
inWeUeVW ma\ be ChapWeU 6.10 on ³InWeUacWion ZiWh ice VhelYeV (ISF)´ ZheUe Whe YaUioXV opWionV Wo
UepUeVenW ice-Vhelf/ ocean flX[eV, heaW and ValW e[change coefficienWV and melW paUameWeUi]aWion
choiceV aUe e[plained.

The diffeUenceV in nameliVW_coUe_ia_cfg foU Whe ³Open´ and ³CloVed´ caYiW\ UXnV aUe liVWed in
Table S1. NoWe WhaW WheVe diffeUenceV aUe minoU aV Whe adapWaWionV aUe made moVWl\ Wo Whe inpXW
fileV (e[plained XndeU ³DOMAIN FILES AND INITIAL CONDITIONS´ in Zenodo daWa UepoViWoU\
deVcUipWion 10.5281/]enodo.7561767).´

** See Wable in SXpplemenWaU\ MaWeUial **

RC:

ThiUd, WhiV ma\ jXVW be m\ ignoUance bXW iVn¶W AmeU\ alVo WhoXghW b\ Vome in Whe commXniW\ Wo
be a majoU VoXUce of AABW? ThiV ma\ jXVW be an aUea ZheUe I¶m oXW of WoXch bXW I Whink I Uecall
heaUing VeYeUal WalkV WhaW made WhiV claim oYeU Whe \eaUV. In Whe liWeUaWXUe, ZhaW I¶m able Wo find
iV WilliamV eW al. (2016), Zhich VeemV Wo VXggeVW WhaW iW iVn¶W aV majoU a Sla\eU. In an\ caVe, iW
mighW be ZoUWh inclXding a liWWle moUe e[SlanaWion aboXW Zh\ AmeU\ ZaV noW inclXded eYen
WhoXgh iW¶V a laUgeU ice Vhelf Whan LaUVen C (60,000 km2 YV. 46,000 km2 accoUding Wo RignoW eW al.
2013). Ma\be WhaW e[SlanaWion iV VimSl\ WhaW \oX deemed iW Wo be leVV UeleYanW Wo AABW
SUodXcWionV Whan Whe WhUee caYiWieV \oX inclXded. In Whe conclXVion, \oX menWion WhaW AmeU\
along ZiWh RiiVeU-LaUVen and FimbXl ZoXld be candidaWeV foU inclXVion aV a ne[W VWeS, Vo I Whink
iW mighW be ZoUWh Va\ing a biW moUe aboXW Zh\ Whe\ ZeUen¶W inclXded \eW heUe.

AC:

Indeed, PU\d] Ba\ and Cape DaUnle\ aUe conVideUed WogeWheU aV an impoUWanW ViWe foU AABW
foUmaWion. HoZeYeU, aV menWioned in WilliamV eW al (2016), AmeU\ Ice Shelf iWVelf onl\
pUecondiWionV Vhelf ZaWeU and iW iV inVWead Whe Cape DaUnle\ Pol\n\a WhaW iV WhoXghW Wo be
impoUWanW foU AABW. ThiV pol\n\a iV noW UepUeVenWed in eORCA1 aV iWV pUeVence iV dUiYen b\
landfaVW ice WUiggeUed b\ a gUoXp of gUoXnded icebeUgV, pUoceVVeV noW \eW UepUeVenWed in
NEMO.

The folloZing paUagUaph e[plaining WhiV haV been added Wo Whe inWUodXcWion:

³ RIS, FRIS and LCIS ZeUe choVen dXe Wo WheiU diUecW Uole in Whe foUmaWion of Whe paUenW ZaWeUV
of AABW (KeUU eW al., 2018; BoZen eW al., 2021), and dXe Wo WheiU laUge Vi]e and WhXV pUacWicaliW\



of UealiVWicall\ VimXlaWing WheiU VXb-ice Vhelf caYiWieV in a global ocean 1� VeWXp. We chooVe Wo
keep all oWheU ice Vhelf caYiWieV cloVed ZiWh pUeVcUibed melW UaWeV injecWed aW Whe moXWh of Whe
fUonW XVing Whe meWhod deVcUibed b\ MaWhioW eW al. (2017). ThiV inclXdeV Whe UelaWiYel\ laUge
AmeU\ Ice Shelf caYiW\, deVpiWe iWV Uole in pUecondiWioning boWWom ZaWeU foUmaWion in Whe Cape
DaUnle\ pol\n\a (WilliamV eW al., 2016), becaXVe WhiV pol\n\a iV abVenW in oXU configXUaWion (dXe
Wo Whe abVence of icebeUgV and landfaVW Vea ice). ´

RC:

Finall\, all Whe figXUeV in WhiV SaSeU haYe Vome gUa\ aUWifacWV along Whe boXndaU\. In moVW figXUeV
(e.g. Fig. 1), WheVe VhoZ XS aV if Whe SanelV haYe ZhiWe backgUoXndV bXW Whe\ aUe on WoS of an
oYeUall figXUe ZiWh a gUa\ backgUoXnd. In Vome figXUeV (Fig. 6, 7, 8 and S5), WheUe aSSeaUV Wo be
a doWWed gUa\ boXndaU\ aUoXnd Whe figXUe. All of WhiV VhoXld be cleaned XS foU final SXblicaWion. I
don'W Whink WhiV iV m\ YieZeU, aV I XVed VeYeUal YieZeUV and Vee Whe Vame iVVXeV.

Thank \oX foU poinWing WhiV oXW. ThiV ZaV noW eYidenW Wo XV. The figXUeV haYe noZ been cleaned
and WheUe aUe no moUe gUa\ aUWifacWV.

RC: I hRSe P\ cRPPeQWV aUe helSfXl WR \RX iQ UeYiViQg Whe SaSeU. I feel iW iV iQ gRRd
eQRXgh VhaSe WhaW I dR QRW Qeed WR UeYieZ iW a VecRQd WiPe aQd Zill be haSS\ WR leaYe iW
XS WR \RX aQd Whe ediWRU WR decide Zhich Rf P\ cRPPeQWV WR addUeVV.

AC: Thank \oX foU WheVe inVighWfXl and conVWUXcWiYe commenWV. We haYe amended Whe
manXVcUipW accoUdingl\.

SSecLfLc CRPPeQWV:

RC: l. 18, 305, 308, 315, 317, 321 and SeUhaSV elVeZheUe: YoX XVe ³melW UaWeV´ Wo deVcUibe
TXanWiWieV in GT/\U WhaW I ZoXld UefeU Wo aV ³WoWal melW flX[eV´. PeUhaSV WhiV diVWincWion iVn¶W Zell
eVWabliVhed in Whe commXniW\ bXW Wo me a ³melW UaWe´ iV in m/\U (oU coXld be in kg/m2/V) and a
³WoWal melW flX[´ iV in GT/\U.

AC: ThiV phUaVing haV been amended aV adYiVed.

RC: l. 44-45 and 128-130: IV \oXU conclXVion WhaW Whe AmeU\ Uegion iV noW a majoU conWUibXWoU Wo
AABW? AV I Vaid, I ma\ be a liWWle oXW of WoXch ZiWh Whe laWeVW liWeUaWXUe WheUe bXW I had a VenVe iW
ZaV conVideUed anoWheU conWUibXWoU.

AC: A paUagUaph addUeVVing Whe Uole of AmeU\ in conWUibXWing Wo AABW pUecXUVoUV haV been
added Wo Whe inWUodXcWion, aV menWioned aboYe.

RC: Fig. 1: VeU\ nice figXUe!

AC: Thank \oX!



RC: l. 159-160: ³...Ze decide Wo Vcale hoUi]onWal edd\ YiVcoViW\ VoXWh of 65�S accoUding Wo gUid
cell Vi]e.´ Can \oX Va\ moUe aboXW WhiV? WhaW foUm of edd\ YiVcoViW\ aUe \oX XVing (del2, del4,
VomeWhing elVe?)? DoeV Whe YiVcoViW\ Vcale lineaUl\ ZiWh Whe gUid-cell Vi]e oU Vome oWheU Za\?

AC: We XVe laplacian YiVcoViW\ and Vcale lineaUl\. The We[W haV been amended Wo VWaWe: ³To
accoXnW foU Whe decUeaVe in Whe hoUi]onWal Vi]e of gUid cellV aW high laWiWXdeV, Ze decide Wo
lineaUl\ Vcale Whe laplacian edd\ YiVcoViW\ VoXWh of 65� S accoUding Wo gUid cell Vi]e.´

RC: l. 164-165: I Whink iW¶V SUobabl\ neceVVaU\ Wo e[Sand WheVe 3 acUon\mV: ETOPO2Y2, IBSCO
and TEOS-10.

AC: TheVe acUon\mV haYe been e[panded.

RC: l. 168-170: ³FoU moUe infoUmaWion UegaUding Whe choiceV of adYecWion and diffXVion
VchemeV, mi[ing coefficienWV, and edd\ SaUameWeUi]aWionV, SleaVe UefeU Wo Whe coS\ of Whe
nameliVWV SUoYided in Whe accomSan\ing daWa UeSoViWoU\.´ AV I menWioned in m\ geneUal
commenWV, I don¶W Whink WhiV iV VXfficienW oU YeU\ acceVVible. CoXld \oX VSend a SaUagUaSh heUe
oU in Whe VXSSlemenWaU\ infoUmaWion (and SeUhaSV inclXding a Wable) deVcUibing each of WheVe in
a liWWle moUe deWail foU a non-NEMO e[SeUW?

AC: SXpplemenWaU\ SecWion S1 e[plaining Whe nameliVWV in gUeaWeU deWail haV been added along
ZiWh a Wable VhoZing Whe diffeUenceV in nameliVW choiceV beWZeen Whe ³Open´ and ³CloVed´ caYiW\
UXnV.

RC: l. 182-184: ³FoU Whe UefeUence ³CloVed´ caYiW\ configXUaWion, a fi[ed fUeVhZaWeU flX[
coUUeVSonding Wo Whe YolXme of baVal melWZaWeU eVWimaWed b\ DeSooUWeU eW al. (2013)...´: YoX
Va\ laWeU WhaW Whe melW flX[eV fUom DeSooUWeU eW al. (2013) aUe loZeU Whan oWheU VaWelliWe-deUiYed
eVWimaWeV of melW flX[eV and call Whem inWo TXeVWion. IW mighW be ZoUWh menWioning Zh\ \oX
choVe Wo XVe WheVe aV oSSoVed Wo neZeU eVWimaWeV (e.g. AdXVXmilli eW al. 2020). Ma\be WheVe
ZeUe aYailable fUom SUeYioXV ZoUk b\ MaWhioW eW al. (2013) Vo iW ZaV moUe conYenienW? ThaW¶V an
acceSWable e[SlanaWion if WhaW¶V ZhaW haSSened.

AC: The DepooUWeU eW al. (2013) fUeVhZaWeU eVWimaWe foU ice Vhelf melW iV Whe defaXlW XVed foU Whe
IPSL climaWe model and Vo Whe fileV ZeUe alUead\ aYailable foU eORCA1, Ze jXVW needed Wo
UemoYe Whe fi[ed flX[eV foU FRIS, RIS and LCIS. AddiWionall\, AdXVimillieW al. (2020) onl\ e[WendV
Wo 81.5 �S Vo WhaW RIS and FRIS aUe noW fXll\ coYeUed. The folloZing line haV been added XndeU
meWhodolog\:
" The fi[ed fUeVhZaWeU flX[ iV baVed on DepooUWeU eW al. (2013) melW eVWimaWeV aV WhiV iV Whe
Vame file XVed foU Whe IPSL climaWe model. FXUWheUmoUe, Whe ice Vhelf aUea VXUYe\ed b\
AdXVXmilli eW al. (2020) onl\ e[WendV Wo 81.5 �S Vo WhaW RIS and FRIS aUe noW fXll\ coYeUed and
WheUefoUe don'W haYe Whe fXll melW flX[."

RC: l. 184-185: ³...foU each ice Vhelf iV added inWo Whe ocean eYenl\ beWZeen Whe ocean flooU and
Whe baVe of Whe ice Vhelf aW Whe locaWion of Whe ice Vhelf fUonW...´: I belieYe WhiV iV Whe caVe bXW can



\oX e[SliciWl\ VWaWe if Whe melW flX[ iV alVo XnifoUm hoUi]onWall\ along Whe calYing fUonW? FUom WhiV
VenWence, iW ZaV onl\ cleaU Wo me WhaW iW iV YeUWicall\ XnifoUm.

AC: YeV, iW iV hoUi]onWall\ XnifoUm acUoVV Whe ice Vhelf fUonW. ThiV haV been VWaWed in Whe We[W,
WhankV foU poinWing WhaW oXW.

RC: l. 190: ³Whe WemSeUaWXUe, ValiniW\ and YelociWieV aUe aYeUaged oYeU a fi[ed boXndaU\ la\eU
WhickneVV of 30m...´: CoXld \oX Va\ hoZ Whe 30-m WhickneVV ZaV choVen?

AC: 30m ZaV choVen accoUding Wo Whe VWXd\ of LoVch (2008). ThiV iV noZ VWaWed in Whe We[W.

RC: l. 191-193: If \oX make a Wable ZiWh oWheU model SaUameWeUV aV I VXggeVWed aboYe mighW be
a good idea, SleaVe moYe WheVe 3 SaUameWeUV Wo Whe Wable foU eaVieU UeadabiliW\.

AC: IW ZaV decided WhaW a Wable iV oXW of Vcope aV Whe NEMO UefeUence manXal goeV inWo gUeaW
deWail Wo e[plain Whe nameliVW paUameWeUV, and Whe nameliVWV WhemVelYeV haYe commenWV ne[W Wo
each paUameWeU foU claUiW\. The paUameWeUV menWioned heUe aUe WhoVe Vpecific Wo VimXlaWing
ocean - ice Vhelf inWeUacWionV Zhich iV Whe focXV of WhiV VWXd\ and Vo aUe e[pliciWl\ VWaWed in Whe
main We[W.

RC: l. 206: Did \oX XVe CORE inWeUannXal foUcing becaXVe iW ZaV moUe conYenienW Whan moUe
XS-Wo-daWe alWeUnaWiYeV like JRA? If Vo, WhaW¶V fine bXW iW¶V SUobabl\ ZoUWh VWaWing.

AC: The aXWhoUV and local NEMO Weam had leVV e[peUience ZiWh JRA Whan ZiWh CORE foUcing
and Vo ZeUe leVV familiaU ZiWh Whe inheUenW biaVeV.

RC: Sec. 2.3: I¶m noW VXUe if WhiV iV Whe UighW Slace oU Whe SUeYioXV VecWion bXW VomeZheUe heUe I
Whink \oX need Wo haYe a diVcXVVion aboXW noW haYing WideV heUe and an\ SaUameWeUV WhaW ZeUe
XVed Wo mimic oU SaUameWeUi]e WideV in Whe ice-Vhelf flX[ calcXlaWion.

AC: ThiV haV been added along ZiWh a VecWion in VXpplemenWaU\ maWeUial.

RC: l. 213-214: ³FoU all VimXlaWionV, global ocean SUoSeUWieV ZeUe iniWiali]ed XVing Whe
1981-2010 climaWolog\ of WoUld Ocean AWlaV 2013 (WOA2013; LocaUnini eW al., 2013; ZZeng eW
al., 2013).´: LaWeU on, \oX comSaUe Wo WOA18 foU YalidaWion. So iW VeemV odd Wo iniWiali]e ZiWh
WOA13. PeUhaSV WhiV ZaV conYenienW becaXVe iW had been XVed in SUeYioXV VWXdieV. If Vo,
SleaVe VWaWe WhiV.

AC: YeV, \oX aUe UighW, Whe iniWiali]aWion fileV ZeUe aYailable on oXU VXpeUcompXWeU aV Whe\ aUe
XVed foU Whe IPSL climaWe model and Vo WOA2013 ZaV XVed Wo iniWiali]e Whe model aV iW ZaV
moUe conYenienW. The folloZing haV noZ been VWaWed in Whe We[W:
³FoU all VimXlaWionV, global ocean pUopeUWieV ZeUe iniWiali]ed XVing Whe 1981-2010 climaWolog\ of
WoUld Ocean AWlaV 2013 (WOA2013; LocaUnini eW al., 2013; ZZeng eW al., 2013) aV WhiV daWaVeW
iV XVed foU Whe IPSL climaWe model and Vo ZaV a conYenienW choice.´



RC: l. 214-230: I Ueall\ aSSUeciaWed Whe caUe \oX Wook in WhiV SUoceVV. I knoZ fUom m\ oZn
e[SeUience hoZ WUick\ choiceV can be aboXW iniWiali]ing WheVe caYiWieV and WhiV VeemV like a
VimSle bXW YeU\ cleYeU and effecWiYe meWhod. Thank \oX foU SUoYiding WheVe deWailV.

AC: Thank \oX foU UecogniVing Whe effoUW behind WhiV iniWiali]aWion pUocedXUe.

RC: Fig S2: IV WhiV VhoZing Whe OSen oU CloVed VimXlaWion?

AC: ThiV iV VhoZing Whe cloVed caYiW\ UXn and Whe diffeUence Open-CloVed. IW haV been XpdaWed
in Whe neZ VXpplemenWaU\ maWeUial.

FRUPaWWLQg, T\SRgUaShLcaO aQd GUaPPaWLcaO SXggeVWLRQV:

RC: l. 18 ³36 + 7´ and ³112 + 22´ VhoXld be ³36 � 7´ and ³112 � 22´

AC: OopV! ThankV!

RC: l. 26-30: Ma\be EGU VSheUe giYeV gXidance on WheVe Slain langXage VXmmaUieV. I did a
TXick VeaUch and didn¶W find an\Whing helSfXl. M\ VenVe ZoXld be WhaW Whe WeUmV ³loZeU limb´,
³ValiniW\ biaV´ and ³ZaWeU maVV´ mighW be Woo VSecific Wo oceanogUaSh\ Wo coXnW aV ³Slain
langXage´. Ma\be WheVe can be UeZoUded?

AC:
³LoZeU limb´ haV been Ueplaced ZiWh ³boWWom half´
³SaliniW\ biaVeV´ haV been Ueplaced ZiWh ³ValW biaVeV´
FoU ZaWeU maVV, WheUe iV no VXccincW and appUopUiaWe UeplacemenW (Ze need Wo fiW ZiWhin Whe
ZoUd coXnW).

RC: l. 62: I ZoXld change Whe ZoUd ³YalXable´ Wo VomeWhing a liWWle leVV VXbjecWiYe.

AC: ThiV haV been changed Wo ³impoUWanW´

RC: l. 95 and 618: ThiV iV obYioXVl\ a VW\liVWic choice bXW I Whink UefeUenceV Wo ³Whe aXWhoUV´ aUe a
liWWle VWUangel\ indiUecW, and I ZoXld VXggeVW jXVW XVing ³Ze´.

AC: HeUe aV a VW\liVWic choice Ze pUefeU Wo leaYe iW aV ³Whe aXWhoUV´.

RC: l. 96 ³Then, ZoUk needV Wo be done...´ (a comma afWeU ³Then´.)

AC: CoUUecWed

RC: l. 127: ³We chooVe Wo keeS all oWheU ice VhelYeV cloVed...´ I ZoXld change ³ice VhelYeV´ Wo
³ice-Vhelf caYiWieV´.

AC: CoUUecWed



RC: l. 128-129 ³RIS, FRIS and LCIS ZeUe choVen dXe Wo WheiU Uole in Whe foUmaWion and VeWWing
of SUoSeUWieV of Whe SaUenW ZaWeUV of AABW...´ I ZoXld VXggeVW UeZoUding ³VeWWing of´ Wo
VomeWhing like ³inflXence on´.

AC: ThiV haV been amended

RC: l. 132: ³geomeWU\, aV coXSling can inWUodXce...´ (a comma afWeU ³geomeWU\´).

AC: CoUUecWed

RC: l. 153: ³FoU WhiV VWXd\ YeUVion 4.2 of NEMO iV XVed...´ I VXggeVW acWiYe Yoice ± iW UeadV mXch
beWWeU and giYeV cUediW ZheUe iW¶V dXe: ³FoU WhiV VWXd\, Ze XVe YeUVion 4.2 of NEMO...´.

AC: CoUUecWed

RC: l. 166: ³...abVolXWe ValiniW\, Zhich, foU Whe SXUSoVeV of WhiV VWXd\, ZeUe conYeUWed Wo...´ (3
miVVing commaV).

AC: CoUUecWed

RC: l. 181: ³ReVXlWV fUom WZo configXUaWionV aUe SUeVenWed heUe...´ Again, a gUeaW oSSoUWXniW\ foU
acWiYe Yoice: ³HeUe, Ze SUeVenW UeVXlWV fUom WZo configXUaWionV...´

AC: Thank \oX foU Whe adYice, WhiV haV been amended.

RC: l. 182: ³...SUeVcUibed in a Za\ Wo mimic Whe ice-Vhelf oYeUWXUning...´: ³Wo mimic´ VhoXld
SUobabl\ be ³WhaW mimicV´.

AC: CoUUecWed

RC: l. 223-225: ³[-2 �C and 34.76 foU FRIS (JanoXW eW al., 2021), -1.95 �C and 34.74 foU LCIS
(NichollV eW al., 2004; HXWchinVon eW al., 2020), and -1.94 �C and 34.76 foU RIS (BeUgamaVco eW
al., 2003; BXdillon eW al., 2003)].´: A SeW SeeYe of mine (and I Zill admiW a loVing baWWle) iV neVWed
SaUenWheVeV. I¶d aVk \oX Wo conVideU XVing VTXaUe bUackeWV foU Whe oXWeU SaUenWheVeV heUe.
RegaUdleVV, \oX aUe miVVing a Vecond end SaUenWheViV oU bUackeW.

AC: STXaUe bUackeWV haYe been added

RC: l. 234-236: ³To aVVeVV Whe e[iVWing biaVeV in Whe UeSUeVenWaWion of denVe ZaWeU SUoSeUWieV in
NEMO Y4.2 eORCA1 VWandaUd configXUaWion (³CloVed´), Ze comSaUe fXll deSWh WemSeUaWXUe
YeUVXV ValiniW\ SloWV along ZiWh boWWom WemSeUaWXUe and ValiniW\ aUe comSaUed ZiWh WoUld Ocean
AWlaV (WOA 2018)´: Again, m\ SUefeUence foU acWiYe Yoice.

AC: We WeVWed WhiV Ue-phUaVing and iW becomeV TXiWe cXmbeUVome heUe.

RC: l. 237: ³Weddell and RoVV SeaV, UeVSecWiYel\´: comma afWeU ³SeaV´



AC: CoUUecWed

RC: l. 242: ³(FigV. 2a and 2b)´: I Whink WhiV VhoXld be ³(FigV. 2b and 2c)´

AC: YoX aUe UighW, WhiV haV been coUUecWed.

RC: l. 248: ³...in Whe model oXWSXW (ISW bo[ Fig. 2d), aV in WhiV...´: comma befoUe ³aV´

AC: CoUUecWed

RC: l. 261: ³...CTD UeVXlWV fUom HXWchinVon eW al. (2020; WheiU Fig. 3b), Ze find Whe CloVed
configXUaWion Wo be Woo Valine...´: comma miVVing befoUe ³Ze´ bXW alVo I Whink \oX mXVW mean
³WheiU Fig. 3b´ Vince Fig. 3b in WhiV SaSeU VhoZV WemSeUaWXUe, noW ValiniW\, and doeVn¶W Veem Wo be
UeleYanW Wo WhiV diVcXVVion.

AC: YoX aUe UighW, WhiV haV been coUUecWed.

RC: FigV. 2 and 3: I foXnd WhaW Whe UeVolXWion of WheVe figXUeV ZaV Woo loZ Wo be able Wo Vee
imSoUWanW deWailV in Whe T-S diagUam SanelV. The We[W labelV on denViW\ in WheVe SanelV aUe alVo
Woo Vmall Wo be Ueadable (eYen ZiWh ]ooming on m\ WableW).

AC: The We[W Vi]e of Whe denViW\ conWoXU labelV haYe been incUeaVed. PleaVe noWe WhaW foU
final VXbmiVVion high UeVolXWion pdfV Zill be pUoYided (WheUe VeemV Wo be Vome UedXcWion in
TXaliW\ Zhen conYeUVion of Whe doc[ Wo pdf WakeV place).

RC: l. 287: ³...WheUe iV no ISW in WhiV VWandaUd configXUaWion, aV WheUe iV no e[SliciW model
UeSUeVenWaWion...´: comma afWeU ³configXUaWion´

AC: CoUUecWed

RC: l. 315: ³melW UaWe foU RIS, Zhile being higheU Whan obVeUYaWional VWXdieV...´: UeadV beWWeU
ZiWhoXW Whe ZoUd ³being´

AC: CoUUecWed

RC: l. 344: ³OSening Whe VXb-ice Vhelf caYiWieV in eORCA1 alloZV foU Whe eVWabliVhmenW of...´:
comma VhoXld be UemoYed befoUe ³alloZV´.

AC: CoUUecWed. Thank \oX foU Whe high leYel of aWWenWion \oX haYe paid Wo Whe We[W. IW iV mXch
appUeciaWed.

RC: l. 356-358: ³ComSaUaWiYel\ ZaUm and ValW\ HSSW enWeUV Yia Whe Ronne DeSUeVVion,
ciUcXlaWeV fUom ZeVW Wo eaVW, PelWV Whe baVe of Whe ice Vhelf moVWl\ along Whe gUoXnding line
(cold, fUeVh VignaWXUeV in FigV. 5c and 5d), and e[iWV Yia Whe FilchneU TUoXgh aV ISW.´: I Whink \oX
mighW ZanW ³melWV´ UaWheU Whan ³melWing´ bXW iW mighW be fine eiWheU Za\.

AC: CoUUecWed. Thank \oX.



RC: l. 362-363: ³IW iV WheUefoUe encoXUaging WhaW eORCA1 caSWXUeV WheVe, aV Whe\ coXld Sla\ an
imSoUWanW Uole...´: comma needed afWeU ³WheVe´.

AC: CoUUecWed.

RC: Fig. 5: ThiV figXUe needV Wo be higheU UeVolXWion Wo be able Wo make oXW Whe Vi]e and
diUecWion of Whe aUUoZV in Whe TXiYeU SloW.

AC: ThiV haV been done.

RC: l. 373: ³HeUe, Ze noWice a VWUong anWiclockZiVe ciUcXlaWion...´ comma needed afWeU ³HeUe´. l.
376: ³...faU eaVW (Fig. 5g), Zhich iV noW Veen...´ comma needed befoUe ³Zhich´.

AC: CoUUecWed.

RC: l. 377: ³...VSeedV aUe e[WUemel\ VloZ.´: I ZoXld XVe VomeWhing leVV VXbjecWiYe Whan
³e[WUemel\ VloZ´ heUe.

AC: CoUUecWed. ThiV haV been changed Wo ³aUe VloZ´.

RC: l. 402-403: ³...be Veen in Whe YolXmeWUic T-S SloW (VXSSlemenWaU\ maWeUial Fig. S1a), ZheUe
e[SliciW ocean-ice Vhelf inWeUacWion...´: comma needed befoUe ³ZheUe´.

AC: CoUUecWed.

RC: l. 408: ³...condiWionV in Whe ZeVW, ZheUe in Whe UefeUence UXn HSSW...´ comma needed
befoUe ³ZheUe´.

AC: CoUUecWed.

RC: l. 428: ³...XVing PAGO, a SUe-e[iVWing Wool Wo anal\]e gUidded ocean daWaVeWV (DeVha\eV eW
al.,2014).´ I ZoXld Wake oXW Whe ZoUd ³SUe-e[iVWing´ Vince Whe ciWaWion makeV iW cleaU WhaW \oX
didn¶W ZUiWe WhiV Wool \oXUVelYeV.

AC: CoUUecWed.

RC: l. 438-439: ³While Whe model VWUXggleV Wo caSWXUe Whe coheUence of WhiV VXb-VXUface
WemSeUaWXUe ma[imXm, Whe coXnWeUclockZiVe ciUcXlaWion cell VeW XS on Whe cenWUal conWinenWal
Vhelf in Whe oSen caYiW\...´: ³VeWXS´ VhoXld be ³VeW XS´.

AC: CoUUecWed.

RC: l. 443-445: ³...Zhile Ze cannoW diUecWl\ comSaUe ZiWh Whe VimXlaWion oXWSXW aV Whe CORE
foUcing endV in 2009, eYidence foU Whe SUeVence of a WongXe of ISW focXVed on Whe ZeVWeUn
bank of FilchneU TUoXgh iV eYidenW in Fig. 3 of JanoXW eW al. (2021)...´: UedXndanW ³eYidence
foU...iV eYidenW´.



AC: CoUUecWed Wo VWaWe : ³Whe pUeVence of a WongXe of ISW focXVed on Whe ZeVWeUn bank of
FilchneU TUoXgh iV eYidenW in Fig. 3 of JanoXW eW al. (2021)´.

RC: l. 483: ³...boWh on Whe conWinenWal Vhelf adjacenW Wo FRIS, ZheUe Whe deSWh of Whe baVe of Whe
mi[ed la\eU...´: comma needed afWeU ³FRIS´.

AC: CoUUecWed.

RC: l. 517-518: ³BXW Whe TXeVWion UemainV UegaUding Whe WUanVfeU of WheVe noZ moUe UealiVWic
denVe Vhelf ZaWeUV offVhoUe, Wo feed Whe globall\ imSoUWanW AABW...´: No comma iV needed afWeU
³ZaWeUV´.

AC: CoUUecWed.

RC: l. 519: ³...iV Woo VhoUW Wo e[SloUe Whe imSacW of WheVe changeV faU afield...´: NeiWheU h\Shen iV
needed in ³Woo VhoUW´ and ³faU afield´.

AC: CoUUecWed, noW VXUe Zh\ WhoVe h\phenV aUe WheUe!

RC: l. 524: ³The WheUmohaline and YelociW\ ValiQiW\ cUoVV VecWionV of FilchneU TUoXgh...´: ThiV
Sanel VhoZV ValiniW\, noW YelociW\.

AC: CoUUecWed Wo Vimpl\ VWaWe ³WheUmohaline´ aV WhiV coYeUV WempeUaWXUe and ValiniW\.

RC: l. 538-541: ³A cUoVV VecWion of Whe ChallengeU TUoXgh (Fig. 9), UeYealV deSWh-YaU\ing
WheUmohaline changeV aV oSening Whe VXb-ice Vhelf caYiW\ haV alloZed foU Whe ZaWeU adjacenW Wo
Whe ice Vhelf Wo adYecW inWo Whe caYiW\ leaYing Whe boWWom SUoSeUWieV heUe VlighWl\ ZaUmeU, Zhile
Whe la\eU immediaWel\ aboYe e[SeUienceV cooling and ValinificaWion dXe Wo Whe oXWfloZ of ISW
dUiYen b\ Whe ice SXmS (Fig. 9c).´ ThiV iV a loW Wo WU\ Wo folloZ in one VenWence. Ma\be bUeak iW
XS?

AC: ThiV haV noZ been VpliW inWo 3 VenWenceV: ³A cUoVV VecWion of Whe ChallengeU TUoXgh (Fig.
9), UeYealV depWh-YaU\ing WheUmohaline changeV. Opening Whe VXb-ice Vhelf caYiW\ haV alloZed
foU Whe ZaWeU adjacenW Wo Whe ice Vhelf Wo adYecW inWo Whe caYiW\ leaYing Whe boWWom pUopeUWieV heUe
VlighWl\ ZaUmeU. The la\eU immediaWel\ aboYe conYeUVel\ e[peUienceV cooling and ValinificaWion
dXe Wo Whe oXWfloZ of ISW dUiYen b\ Whe µice pXmp¶ (Fig. 9c).´

RC: l. 619: ³...comSaUe Whe model VimXlaWionV ZiWh local in ViWX obVeUYaWionV...´: ³local´ and ³in
ViWX´ mean Whe Vame Whing in WhiV conWe[W.

AC: ³Local´ haV been UemoYed.

RC: l. 626-627: ³AnWaUcWic ice VhelYeV and, Zhile Whe\ aUe UeVSonVible foU Whe foUmaWion of Whe
majoUiW\ of Whe SaUenW ZaWeUV of AABW, inWeUacWionV ZiWh...´: comma needed befoUe ³Zhile´.

AC: CoUUecWed.



RC: l. 627-628 ³...inWeUacWionV ZiWh UemoWe XnUeVolYed ice VhelYeV aUe miVVing...´

AC: CoUUecWed.

RC: All \oXU UefeUenceV: YoX Veem Wo haYe Whe SXbliVheU liVWed inVWead of Whe joXUnal WiWle. AlVo,
one UefeUence iV in a ZeiUd W\SeZUiWeU fonW (bXW I gXeVV Whe W\SeVeWWeU Zill fi[ WhaW).

AC: Thank \oX foU VpoWWing WhiV, iW ZaV an aUWifacW fUom Whe UefeUencing VofWZaUe. ThiV haV been
coUUecWed. AV foU Whe VWUange W\peZUiWeU fUonW, noW VXUe hoZ WhiV happened, iW iV onl\ in Whe pdf,
noW in Whe oUiginal ZoUd docXmenW.

RC: FigV. S3 and S4: I foXnd iW a liWWle confXVing WhaW \oX XVed Whe Vame cmocean coloUmaS foU
SeUcenWage and m/\U of ice SUodXcWion WhaW iV UighWl\ XVed foU deSWh in Fig. S2. Ma\be XVe
diffeUenW coloUmaSV foU WheVe oWheU fieldV? ³amS´ oU ³maWWeU´ coXld ZoUk foU a SeUcenWage, m\
gUoXS haV XVed ³denVe´ foU Vea-ice SUodXcWion bXW ³ice´ mighW alVo be aSSUoSUiaWe.

AC: TheVe figXUeV haYe been amended and no longeU VhoZ m/\U and %.

RC: Fig. S5: ³DenViW\´ VhoXld SUeVXmabl\ be ³DenViW\ diffeUence´ and ³kg/m3´ VhoXld be ³kg/m3´
(VXSeUVcUiSW).

AC: CoUUecWed.

RC: S1: I aSSUeciaWed WhiV diVcXVVion, WhoXgh I agUee WhaW iW ZaV aSSUoSUiaWe foU Whe
VXSSlemenWaU\ infoUmaWion. The comSaUiVon ZiWh obVeUYaWionV iV nXanced enoXgh Wo be a liWWle
meVV\ and Whe conclXVion iV WhaW OSen and CloVed boWh haYe laUge biaVeV, ZiWh neiWheU cleaUl\
moUe UealiVWic. So iW doeV noW UefXWe, bXW neiWheU doeV iW Ueall\ VXSSoUW, Whe main conclXVionV of
Whe SaSeU.

AC: Thank \oX foU UaiVing WhiV. The Vea-ice VXpplemenWaU\ VecWion haV been UeYiVed and
Ue-focXVed. IW iV noZ SXpplemenWaU\ SecWion S3 (³An eYalXaWion of Vea ice pUodXcWion and
pol\n\a acWiYiW\ in Whe NEMO VimXlaWionV´). We belieYe WhaW Whe UeYiVed YeUVion iV noZ beWWeU
aligned ZiWh Whe main We[W.

RC: l. 1002-1003: ³IW iV haUd Wo conclXde on moUe oU leVV UealiVWic Sol\n\a acWiYiW\ in Whe OSen
VimXlaWion.´ I ZoXld VXggeVW UeZoUding WhiV aV ³IW iV haUd Wo conclXde ZheWheU Whe Sol\n\a
acWiYiW\ in Whe OSen VimXlaWion iV moUe oU leVV UealiVWic Whan in CloVed´.

AC: ThiV VenWence no longeU e[iVWV in Whe neZ VXpplemenWaU\ maWeUial.

RC: RefeUeQceV



WilliamV, G., HeUUai]-BoUUegXeUo, L., RoTXeW, F. eW al. T¦ NaW CommXn 7, 12577 (2016).
hWWSV://doi.oUg/10.1038/ncommV12577

AC: ThiV UefeUence haV been added, Whank \oX.



ReVSRnVeV WR UeYieZ cRmmenWV 2:

AC: The aXthors ZoXld like to thank anon\moXs ReYieZer 2 for the time taken to comment on
oXr manXscript and proYide the helpfXl sXggestions listed beloZ. We haYe addressed each
comment and Zhere Ze haYe been Xnable to implement the recommended amendments, Ze
haYe proYided an e[planation as to Zh\. The reYised manXscript is mXch improYed, especiall\
the sXpplementar\ section Zhich has been reZritten folloZing the feedback proYided from both
reYieZers. The reYieZ comments are listed here in italics and preceded b\ ³RC´ and the
aXthors¶ response in regXlar font preceded b\ ³AC´.

RC: The stud\ ³ImproYing Antarctic Bottom Water precursors in NEMO for climate
applications´ b\ Katherine Hutchinson and colleagues is an e[citing demonstration on
feasibilit\ and importance of including ice shelf±ocean interaction in coarse resolution (1Û),
global ocean and climate models. OYer the past tZo decades a groZing bod\ of literature
has documented the processes of ice melt in ice shelf caYities around Antarctica, their
implications on Zater mass transformation and modelling approaches thereof. It is an
ongoing debate, hoZ this is best implemented in coarse resolution models used for
multi-centennial climate simulations. Hutchinson et al. shoZ that eYen on a 1Û ocean model
grid one can include and simulate the three largest Antarctic ice-shelf caYities interactiYel\
using comple[ ph\sic.

The manuscript is Zell Zritten and composed, the arguments supported b\ mostl\ clear and
matching figure. It Zould be desirable though if the authors could proYide a little more
background in the introduction on modelling approaches for ice shelf melt and ice caYit\
circulation, reference earl\ studies such as Hellmer (2004, doi:10.1029/2004GL019506) and
other approaches like the PICO model (Reese et al., 2018, doi:10.5194/tc-12-1969-2018),
just to name a couple of e[amples. B\ the Za\, Hellmer 2004 is listed as reference but not
cited in the main te[t. Introduction and discussion are sufficient to introduce the subject and
to Yalidate the results but do not reall\ reach be\ond. The authors make a great effort to
properl\ Yalidate their simulations, clearl\ state Zeaknesses of their model (and its
strengths) but also Zhere obserYations are sparse and thus differences ma\ not necessaril\
mean a model bias.

AC: Thank \oX for bringing it to oXr attention that more conte[t regarding approaches to
modeling ice shelf melt coXld be XsefXl. The aXthors decided to not do an e[tensiYe
literatXre reYieZ on all the other models simXlating sXb ice shelf caYit\ circXlation becaXse it
is a stXd\ in and of itself and to do so comprehensiYel\ ZoXld be its oZn reYieZ article.
Instead Ze present a sXmmar\ of all models Xsing NEMO. To satisf\ this reYieZ comment
Ze haYe added the folloZing to the introdXction:

³The simXlations Zith a fi[ed freshZater flX[ parameteri]ation at depth perform Zell in terms
of mimicking the Yertical oYertXrning and associated entrainment of ice shelf melt, bXt do



not alloZ for interactiYe ice-ocean e[change that eYolYes Zith ocean properties.
Parameteri]ations of ice shelf melt Xsing far field temperatXre (oXtside of the caYities) e[ist
and an e[tensiYe comparison Zas Xndertaken in BXrgard et al. (2022). Here the\ foXnd that
none of the aYailable parameteri]ations \ield a negligible error, and so parameteri]ing basal
melt still remains a challenge. FXrthermore, these parameteri]ations do not solYe the need
to alloZ for circXlation Xnderneath the ice shelYes in order to prodXce the hori]ontal
Yariabilit\ obserYed on the continental shelf. For this, it is necessar\ to open the sXb-ice
shelf caYities in the simXlation (Mathiot et al., 2017; Storke\ et al., 2018; ComeaX et al.,
2022) ´

Please note Hellmer et al., (2004) is listed in Table 1 sXmmari]ing the net melt rates for
YarioXs ice shelYes. That is Zh\ the reference is in the bibliograph\ eYen thoXgh it is not
directl\ cited in the main te[t.

RC: The authors proYide bath\metr\ and initial conditions used for the ice shelf caYities
along Zith some simulation output, Zhich is Yer\ much appreciated. Information missing but
likel\ of interest to the communit\ Zould be the additional computational effort caused b\
including, ³opening´ the caYities.

AC: Thank \oX for pointing this oXt, \es this information is XsefXl. We haYe added to
folloZing line to the methodolog\: ³In terms of compXting cost, the ³Open´ caYit\
configXration costs 11% more than the ³Closed´ caYit\ simXlation (mostl\ dXe to addition of
cells as the model grid is e[tended fXrther soXth; onl\ 0.3% of this is associated Zith the
cost of the ice shelf roXtines themselYes)´.

RC: While the manuscript oYerall is strong and certainl\ merits publication Zith GMD being
a Yer\ suitable journal, I see three Zeak spots that could be reYised prior to publication:

1) Arguments are t\picall\ Zell made and supported throughout the te[t. Onl\ toZards the
end of subsection 4.4 and in subsection 4.5 the te[t makes the impression that the authors
Zant to address the giYen topics but the te[t is rather short, referring to seYeral
supplementar\ figures (e.g., lines 494-501) Zithout reall\ being able to pinpoint the
interaction Zith open ocean deep conYection and sea ice and the role of the ASC.

AC:

We appreciate the reYieZer raising this as the sea ice sXpplementar\ material Zas added
shortl\ before sXbmission and, indeed, improYements can be made. The sea ice
sXpplement Zent into a leYel of detail and Zas not needed for this stXd\ and so the
Yalidation against obserYations has been remoYed and Zill be the focXs of a separate stXd\.
SXpplementar\ Section S3 (³An eYalXation of sea ice prodXction and pol\n\a actiYit\ in the
NEMO simXlations´) has been reYised and re-focXsed, and the folloZing te[t has been
added to the end of sXbsection 4.4 to sXmmari]e the releYant sea ice prodXction findings:



³ High ice prodXction is seen on the soXthZest continental shelYes of the Weddell and Ross
Seas in SXpplementar\ Figs. S2a and S2b. Opening the caYities slightl\ redXces the
magnitXde of ice prodXction in the Ronne Depression (Fig. S2c) and at the location of the
Terra NoYa Ba\ Pol\n\a (Fig. S2d) and increases the prodXction of ice fXrther east. There is
no oYerall change in the principal location of pol\n\a actiYit\ and the slight Zest/east
decrease/increase in sea ice is presXmed to haYe a negligible effect on the total amoXnt of
HSSW generated. As sXch, the redXction of the highl\ saline HSSW signatXre seen in Figs.
2g and 3g Zhen caYities are opened is likel\ dXe to a conYersion to ISW (and not from a
decrease in HSSW prodXction itself). Please see the SXpplementar\ Information Sect. 3 for
an eYalXation of simXlated pol\n\as near the stXdied ice shelYes and a diagnosis on the
effect of opening the caYities on ice prodXction.´

RC: A particular issue is that in the ³Open´ case one can see an offshore displacement of
the deep conYection region (Fig. S2e) but not reall\ an oYerall Zeakening/shoaling, Zhich
seems to contradict studies simulating ice-shelf melt impacts b\ freshZater release
(Beadling et al., 2022, doi:10.1029/2021JC017608; Bronselaer et al., 2018,
doi:10.1038/s41586-018-0712-]). The authors shoZ that the ASC is Zeak in their
simulation, Zhich Zould rather facilitate a freshening of the interior Weddell G\re and hence
decrease MLD. Please discuss.

AC: The MLD figXre Zhich Zas in SXpplementar\ material has been moYed into the main
te[t and is noZ Fig. 8. The folloZing paragraph has been added to the end of Section 4:

³Once a model is able to e[plicitl\ form the parent Zaters of AABW in the right locations on
the continental shelf (and e[port this dense Zater), it Zill become necessar\ for modelers to
tone-doZn open ocean deep conYection as this ZorkaroXnd Zill be longer relied Xpon to
form the totalit\ of AABW. Here Ze e[plore the impact that opening the caYities has on MLD
to diagnose the e[tent of Yertical conYection in the model. Some redXction in MLD is seen
on the continental shelf and slope in the Filchner (Fig. 8e) and Challenger TroXghs (Fig. 8f)
dXe to the increase in stratification as a resXlt of the greater bottom densities associated
Zith oXtfloZing ISW (Fig. S4a and S4c). The presence of ISW appears to promote slightl\
increased ice prodXction in these areas, as discXssed earlier. In this case, it is therefore the
ocean properties that driYe sea ice and the brine rejection associated Zith eleYated ice
prodXction is foXnd to haYe a minor effect on Zater properties. Within the region of
e[aggerated MLDs off the Weddell continental slope, the MLDs deepen in the ³Open´ caYit\
e[periment (positiYe anomalies Figs. 8e). We h\pothesise that this deepening is associated
Zith an oYerall cooling of the sXbsXrface la\ers dXe to a hori]ontal mi[ing of ISW,
Xnimpeded b\ a relatiYel\ Zeak and diffXse Antarctic Slope CXrrent (discXssed in the
folloZing section). OYerall, in Zintertime, mi[ed la\ers are on aYerage 19 m deeper oYer the
Zhole Weddell Sea region in the ³Open´ caYit\ e[periment compared to the reference
³Closed´ simXlation. This reinforcement of the high MLD bias highlights the need for Zork to
be done on redXcing Zintertime deep conYection, together Zith better representing dense
Zater oYerfloZs´



RC: 2) Section 5, the discussion mostl\ reads like a summar\ and I suggest to actuall\
rename the section accordingl\ (³Summar\ and Discussion´). This is oka\ as the model
results are intensiYel\ discussed and Yalidated alread\ in Sections 3 and 4, Zhich reach
be\ond the t\pical presentation of results. In addition, results of other modelling approaches
could be discussed, like Zith the UKESM (Smith et al., 2021, alread\ cited) or the PICO
model mentioned aboYe. This Zould be particularl\ helpful as the authors use a forced
ocean model but understand their stud\ as a contribution to improYing climate models as
the\ state in the introduction.

AC:

Done, section re-named ³SXmmar\ and DiscXssion´.

As for comparison Zith other model resXlts: We actXall\ strXggled to find similar stXdies
Zhere the effects of opening the caYities in a global NEMO configXration Zere compared
e[tensiYel\ and Yalidated against obserYations. For e[ample, Zhile the paper of Smith et al.
(2021) goes to great effort to docXment the technical steps Xndertaken to coXple the ocean
and ice-shelYes, it does not e[plore impact on Zater masses. We do directl\ compare oXr
resXlts Zith BXll et al (2021) and HaXsmann et al. (2019) Zhich are respectiYel\ 1/4� and
1/12� configXrations of NEMO for the Weddell Sea Zith open sXb-ice shelf caYities. In fact
FigXre 5 is designed to match the aspect and colorbars of BXll et al. (2021) FigXre 4 to
facilitate easier comparison. As for a discXssion on other coXpled climate model resXlts, Ze
sXmmari]e the net melt rates in Table 1 bXt haYe decided that it is oXt of scope in this paper
to embark on a detailed literatXre reYieZ on all forced and coXpled ocean models Zho
simXlate sXb-ice shelf caYit\ simXlation. We feel this ZoXld dilXte the focXs of the paper.

RC: 3) The sea ice production and pol\n\a actiYit\ anal\sis in the supplementar\ material
goes to some length but Zithout clear results. There is no significant difference in sea ice
production due to opening the caYities (table S1) e[cept the discussed spatial
displacements. The latter are rather simple responses to changes in surface Zater mass
properties. The authors should be careful not to contradict arguments made in the main te[t
and oYerinterpret the role of sea ice. This seems to be the case in the summar\ section
S1.6, Zhere in particular references to figures of bottom(!) salinit\ (Figs. 2i, 3i) are more
confusing than supportiYe.

AC: Thank \oX for raising this. The sea ice sXpplementar\ material has been completel\
reYised and is noZ better aligned Zith the main te[t. Please see SXpplementar\ Section 3.

RC: The list of references needs to be properl\ checked for consistenc\.

AC: The references haYe been checked again, thank \oX for flagging this.



RC: While e[tensiYe, all comments are rather minor and should be addressible Zithout
requiring an additional round of reYieZ.

AC: Thank \oX for the time taken to proYide this YalXable feedback.

RC:

Minor comments b\ line:

Line 1, the title: I Zish ³b\ opening ice shelf caYities´ Zould somehoZ be included. The
formulation ³AABW precursors´ appears kind of indirect and less appealing to me -- though
less technical, I admit.

AC: This Zas debated amongst the aXthors before initial sXbmission and as onl\ the 3
sXb-ice shelf caYities thoXght to pla\ major roles in the formation of AABW parent Zaters
Zere opened, Ze Zanted to state this clearl\ in the title. ³B\ opening ice shelf caYities´ coXld
be misleading b\ insinXating that all caYities are open, Zhich the\ are not.

RC: l.33: add references like Fr|hlicher et al. (2015, doi:10.1175/JCLI-D-14-00117.1) and
ma\be Bourgeois et al. (2022, doi:10.1038/s41467-022-27979-5) and

AC: Fr|licher et al. (2015) is foXnd to be releYant and has been added. Thank \oX for the
recommendation.

RC: l.35-38: introductions of both HSSW and ISW could use a reference each Zhere the
interested reader could find more detail on formation processes

AC: Indeed, references to Jenkins (1991) and Jacobs et al. (1979) haYe been added.

RC: l.175-177 details of sea ice adYection scheme etc. is proYided here. Please proYide
similar information on ocean model in preY. paragraph. Focus is the ocean model.

AC: A section has been added in sXpplementar\ material (S1) e[plaining the ocean model
namelists Zith reference to the NEMO manXal.

RC: l.187, 199, etc: term ³cold-core ice shelYes´ or ³cold ice shelYes´ needs introduction or
at least a reference; ma\be in addition refer to ³dense shelf´ as defined in Thompson et al.
(2018, doi:10.1029/2018RG000624)

AC: This e[pression has been amended to µcold Zater¶ and µcold caYities' to be clearer and
in line Zith e[isting nomenclatXre.

RC: Section 2.4 The entire approach of attaining the initial conditions is Zonderful, Yer\
thoughtful and a great e[ample. I Zould be curious though, hoZ much the model state still



drifts in the ice shelf caYities after starting the main 100+ \ear long run. Could be added to
the supplementar\.

AC: Indeed, it ZoXld be XsefXl to qXantif\ Zhether the model retains information from
initiali]ation after a feZ decades. UnfortXnatel\, performing sXch an assessment is not
possible Zith the present 124 \ear rXn as Ze force it Zith 2 consecXtiYe c\cles of CORE
atmospheric conditions that inclXde interannXal and longer-term Yariabilit\ (related to
climate change). In order to haYe access to model drift, Ze shoXld rXn a long simXlation
forced b\ climatological present-da\ conditions, Zhich Ze haYe not done so far. This is Zork
that is being considered for fXtXre inYestigation.

RC: l.241 and 251: Figure S3 is addressed before S2. SZitch figures in supplementar\.

AC: FigXre S2 has been moYed into the main te[t and is noZ FigXre 8, FigXre S3 has noZ
become S2.

RC: l.303: add ³ice shelf´ in ³The aYerage ice shelf melt rate pattern «´

AC: Added.

RC: l.313: careful Zith the resolution statement. I assume the earlier studies use NEMO3.[
and potentiall\ also different settings complicating a direct comparison.

AC: Correct, both these stXdies Xse older Yersions of NEMO. The impact on model resXlts
deliYered b\ improYements in fXnctionalit\ in NEMO are, hoZeYer, minor compared to the
impact of moYing from a 1� to a 1/12� resolXtion. NeYertheless, the statement onl\ mentions
³possible impact´ and highlights the fact that these are regional configXrations thereb\
e[plaining that a direct comparison is, of coXrse, not possible. We are simpl\ stating that of
the other stXdies mentioned in the table, as these are both based on NEMO, the\ are the
most releYant to compare eORCA1 Zith (Zithin reason).

RC: Table 1: this is an aZesome oYerYieZ, e[cellent!

AC: Thank \oX!

RC: l.325f add information on figure number in Rignot et al and Haussmann et al.

AC: This has been added, thank \oX.

RC: l.348 & 370: drop subsection header; subsections consist of 1 paragraph each onl\.

AC: Oka\, the\ haYe been remoYed.

RC: l.362 remind the reader here that eORCA1, i.e. 1 degree, in fact means 22km actual
resolution



AC: This has been edited to read: ³It is therefore encoXraging that eORCA1 (Zith an
effectiYe hori]ontal resolXtion Xnder FRIS of 22 km) captXres these, as the\ coXld pla\ an
important role in the eYolXtion of shelf circXlation in fXtXre climate scenarios (NaXghten et
al., 2021).´

RC: l.403f & 416f: please proYide an aYerage difference estimate for ³fresher, slightl\
cooler´ and ³cooler fresher Yalues´

AC: The folloZing has been Xpdated: ³A change in signatXre of AABW can, hoZeYer, be
seen in the YolXmetric T-S plot (SXpplementar\ Material Fig. S3a), Zhere e[plicit ocean-ice
shelf interaction resXlts in a small shift in YolXme toZards cooler fresher AABW (Open -
Closed Zeighted aYerage shift in AABW YolXme b\ -0.008 �C and -0.003 psX).´

And: ³The YolXmetric T-S plot for the Ross Sea foXnd in SXpplementar\ Material (Fig. S3b)
indicates that opening the RIS caYit\ has moYed the core of AABW toZards slightl\ cooler
fresher YalXes, accompanied b\ a 0.34 % decrease in YolXme of AABW as defined b\ the
original Zater mass limits (delineated in green in Fig. S3b; Open - Closed Zeighted aYerage
shift in AABW YolXme b\ -0.001 �C and -0.005 psX).´

AC: l.437: MCDW, abbreYiation is not introduced

AC: Corrected

RC: l.498: Figures 8 and 9 are onl\ properl\ introduced in line 525; referring to their panels
(d) is more confusing than helpful here

AC: This paragraph has been re-Zritten and reference to FigXres 8 and 9 is noZ later in the
ne[t, after the\ haYe been introdXced.

RC: l.528, ³little indication of a coherent cascading´: cascading is a rapid process, is it
possible that the time mean oYer 10 \ears masks such process?

AC: While in other places the doZnslope floZ of dense Zater is intermittent and e[tremel\
difficXlt to obserYe, adjacent to the large ice shelYes of the Weddell and Ross Seas, the
dense Zater oYerfloZs are considered to be large-scale, highl\ actiYe and to permanentl\
contribXte to AABW formation (IYanoY et al., 2003). The cascading of dense Zater from the
Filcher and Challenger troXghs are both considered ³actiYe´ cascades b\ Baines and
Connie (1998) as the\ Zere directl\ obserYed b\ sXmmertime CTD sampling (FoldYok et al.,
1985; Jacobs, 1991).

To clarif\ this in the te[t, the releYant references haYe been added.



RC: l.551: please also reference Colombo et al. (2020, doi:10.5194/gmd-13-3347-2020) on
oYerloZ in ]-coordinates in NEMO

AC: This reference has been added.

SUPPLEMENTARY TEXT

RC: l.929: ³An eYaluation of sea ice production «´ (not to confuse ice shelYes and sea ice)

AC: Corrected

RC: l.933ff: reZrite: ³Sea ice groZth, melt and transport e[ert an influence on Zater mass
properties. Pol\n\as are large areas of open Zater or Yer\ thin ice forced b\ local Zinds or
heat from the ocean. Near the Ronne and Ross ice shelf margins, large pol\n\as source
dense saline Zaters to the surface ocean during the cold season.´

AC: This section has been completel\ re-Zritten..

RC: l.948f: reZrite: ³« concentration outputs, of Zhich the 2003-2009 aYerage in the is
displa\ed in Figs. S3b and S4b for the ³Closed´ simulation.´

AC: This section has been completel\ re-Zritten.

RC: l.1018 & 1020: \ou refer to temperature and salinit\, Zhich are shoZn in panels (h) & (i)
in Figures 2 and 3 (not onl\ panel (i)).

AC: This section has been re-Zritten and noZ refers onl\ to salinit\..

FIGURES

RC: Figure 1: sZitch panels (a) and (b) as Weddell Sea (currentl\ panel b) is addressed first
in the te[t. Also, please increase line thickness of the circulation arroZs for Yisibilit\.

AC: This has been done.

RC: Figure 2 (and all other contour/pcolor plots): use discrete colors and feZer color leYels
(ma[. 20 or eYen onl\ 10) often help to improYe readabilit\ of the graphic.

AC: The aXthors Xnderstand this point and haYe discXssed it. We haYe Xsed cmocean to
plot all temperatXre and salinit\ plots as this package is standard and fit-for-pXrpose haYing
oceanographic specific colorbars for ³thermal´ and ³haline´. UnfortXnatel\ cmocean
fXnctionalit\ is fi[ed as being perceptXall\ Xniform, and so it is not possible to split the
colorbars into discrete interYals. Doing so ZoXld reqXire a change of colormap, and the



aXthors feel that this ZoXld be a greater disserYice to readabilit\ than haYing perceptXall\
Xniform colorbars.

For more information on the cmocean toolbo[ please refer to: Th\ng, Kristen, et al. ³TrXe
Colors of Oceanograph\: GXidelines for EffectiYe and AccXrate Colormap Selection.´
Oceanograph\, Yol. 29, no. 3, The Oceanograph\ Societ\, Sept. 2016, pp. 9±13,
doi:10.5670/oceanog.2016.66.

RC: Further, please increase line thickness of the gra\ dashed line of free]ing point (panels
a,d,g).

AC: This has been done.

RC: Caption: add ³of WOA and ³Closed´ after ³«bottom temperature and salinit\´ in line
272. And add last ³Panels (a) and (g) e[clude ice shelf caYit\ data matching the ³Closed´
configuration of panel (d).´ (as stated later in line 388)

AC: Thank \oX for these sXggestions, the caption has been amended accordingl\.

RC: Figure 4: panels should haYe some location (lat/lon) or distance labelling along frame.

AC: This has been done.

RC: Figure 5a: Yelocit\ arroZs are Za\ too small, reduce number and increase length and
thickness; also red arroZs on green shading is not color-blind friendl\, black arroZs Zould
do

AC: This has been done.

RC: Figure S1, caption: mention that scatter dots are placed in T-S space according to
³Closed´ and coloring shoZs ³Open´-³Closed´; also this should be Figure 3 according to the
sequence in Zhich supplementar\ figures are addressed in the main te[t

AC: The caption has been amended accordingl\.


