
ReVSRnVe WR RC1

The papeU XVeV a bUighWneVV WempeUaWXUe VaWelliWe VimXlaWoU Wo diagnoVe Whe Wiming of
melW onVeW in model VimXlaWionV, and compaUe WhiV neZ meWUic Wo oWheU meWUicV of melW
onVeW. OYeUall, Whe papeU iV Zell ZUiWWen and ZoUWh\ of pXblicaWion VXbjecW Wo Whe minoU
coUUecWionV liVWed beloZ:

We Whank Whe UefeUee YeU\ mXch foU WheiU poViWiYe aVVeVVmenW and WheiU YeU\
conVWUXcWiYe commenWV WhaW haYe helped XV impUoYe Whe manXVcUipW. A poinW-b\-poinW
Uepl\ deWailing Whe UeYiVionV iV pUoYided beloZ. NeZ We[W WhaW haV been added Wo Whe
manXVcUipW iV in EROG DQG LWDOLFV.

1. Line 49: WUiWe oXW Whe ACR3O acUon\m heUe aV WhiV iV iWV fiUVW XVe.
³AUcWic Ocean ObVeUYaWion OpeUaWoU´ (ARC3O) iV noZ ZUiWWen oXW aW fiUVW XVe in Whe
abVWUacW and main We[W.

2. Line 61: WhaW meWhod of UegUidding ZaV XVed?
ThaW \oX foU noWicing WhaW infoUmaWion ZaV miVVing. The We[W ZaV alWeUed aV folloZV:
³All daWa haYe been UegUidded Wo Whe Vame UecWilineaU gUid foU conViVWenc\ XVLQJ WKH
QHDUHVW QHLJKERU VRXUFH-WR-GHVWLQDWLRQ PHWKRG.´

3. Line 73: "Each .." DeVcUibe Whe meWhod in VlighWl\ moUe deWail - HoZ doeV bUighWneVV
WempeUaWXUe change aV melW occXUV?
The We[W ZaV alWeUed aV folloZV:
³EaUl\ and conWinXoXV melW onVeW daWeV aUe deUiYed fUom a VeW of ZeighWed paUameWeUV
baVed on bUighWneVV WempeUaWXUeV aW 19.3 GH] and 37.0 GH] (YeUWicall\ polaUi]ed and
heUeb\ UefeUUed Wo aV 19.3V and 37V GH]). 7KHVH SDUDPHWHUV DUH GHVLJQHG WR
FDSWXUH FKDQJHV LQ WKH EULJKWQHVV WHPSHUDWXUH GULYHQ E\ LQFUHDVLQJ HPLVVLYLW\
DVVRFLDWHG ZLWK LQFUHDVLQJ VQRZ DQG LFH ZHWQHVV.´

4. Line 85: "SXUface WempeUaWXUe" - claUif\ ZheWheU WhiV iV ice, VnoZ oU eiWheU VXUface
WempeUaWXUe.
IW iV Whe VXUface WempeUaWXUe of VnoZ oU ice. To claUif\, Whe We[W noZ UeadV:
³MHOW RQVHW GHULYHG IURP WKH VXUIDFH WHPSHUDWXUH RI HLWKHU WKH VHD LFH RU RYHUO\LQJ
VQRZ iV deWeUmined Wo occXU on Whe fiUVW da\ WhaW VXUface WempeUaWXUe e[ceedV -1
degUee C foU WhUee conVecXWiYe da\V, aV alVo XVed in Whe aVVeVVmenW of melW onVeW in
CMIP6 modelV (SmiWh eW al., 2020).´

5. Line 123: WhaW iV Whe jXVWificaWion foU Whe VWep fXncWion aV oppoVed Wo anoWheU
fXncWional foUm?



Thank \oX foU aVking WhiV. To claUif\ WhiV, Whe We[W noZ UeadV:
³In Whe VWep-fXncWion, Whe VnoZ ZeWneVV iV VeW Wo 0.2 Zhen VnoZmelW iV leVV Whan oU
eqXal Wo 0.2 cm/da\ (inclXding 0 cm/da\), and 0.5 Zhen VnoZmelW iV gUeaWeU Whan 0.2
cm/da\. TheVe WhUeVholdV ZeUe deWeUmined WhUoXgh VenViWiYiW\ WeVWing of Whe bUighWneVV
WempeUaWXUe Wo VnoZ la\eU ZeWneVV and ZeUe foXnd Wo \ield UeVXlWV moUe compaUable Wo
VaWelliWe obVeUYaWionV Whan ]eUo VnoZ ZeWneVV. SLPXODWHG EULJKWQHVV WHPSHUDWXUHV
DUH VOLJKWO\ PRUH VHQVLWLYH WR FKDQJHV LQ WKH VWHS IXQFWLRQ WKUHVKROG WKDQ WKH
DVVLJQHG ZHWQHVV YDOXH, EXW VHQVLWLYLW\ DQDO\VLV VKRZHG WKDW YDU\LQJ WKH VWHS
IXQFWLRQ UHVXOWHG LQ EULJKWQHVV WHPSHUDWXUH FKDQJHV RI OHVV WKDQ 10 K. The YalXe
of Whe la\eU ZeWneVV iV eqXal foU all VnoZ la\eUV, and held conVWanW aW ]eUo foU all Vea ice
la\eUV.´

6. Line 138: "So heUe" -> "TheUefoUe" oU anoWheU UeplacemenW.
AV VXggeVWed, Ze Ueplaced "So heUe" ZiWh ³TheUefoUe´.

7. Line 141: "CICE pUoYideV..." I belieYe CICE can pUoYide Whe nXmbeU of la\eUV
Vpecified Vo claUif\ WhiV iVn'W Whe onl\ choice poVVible. Ma\be VomeWhing like: "CICE ZaV
configXUed Wo pUoYide"
8. LineV 140-150: ClaUif\ ZhaW WheUmod\namic model CICE iV XVed? MXVh\ la\eU? BiW]-
LipVcomb 1999?
To addUeVV poinWV 7 and 8 Whe We[W ZaV alWeUed aV folloZV:
³HHUH, CICE5 ZDV FRQILJXUHG XVLQJ WKH PXVK\-OD\HU WKHUPRG\QDPLFV VFKHPH DQG
WR SURYLGH LQIRUPDWLRQ on WhUee VnoZ la\eUV and eighW Vea ice la\eUV.´

9. Line 152: LagUangian WUacking - I am XnfamiliaU ZiWh WhiV fXncWionaliW\ in CICE - iV iW
docXmenWed/UefeUenced VomeZheUe? TheUe iV a FY ice WUaceU, bXW iW iV noW lagUagian
WUacked, inVWead adYecWed ZiWh Whe EXleUian WUanVpoUW Vcheme.
The UeYieZeU iV coUUecW, iW ZaV noW LagUangian WUacking. The We[W noZ UeadV  aV folloZV:
³In WeUmV of mXlWi-\eaU YeUVXV fiUVW-\eaU ice, Ze XVe Whe CICE5-pUoYided dail\ fiUVW-\eaU
ice fUacWionV baVed on DQ EXOHULDQ WUDQVSRUW VFKHPH, inVWead of Whe oUiginal ARC3O
algoUiWhm foU deWeUmining fiUVW oU mXlWi-\eaU ice, Zhich defined aUeaV of fiUVW-\eaU ice aV
WhoVe ZheUe ice WhickneVV Ueached ]eUo on an\ da\ in Whe paVW \eaU.´

10. Line 154: ClaUif\ ZhaW Whe coUUelaWion lengWh iV.
To claUif\ WhiV, Whe We[W noZ UeadV aV folloZV:
³The la\eU coUUelaWion lengWh, D PHWULF RI WKH VFDWWHUHU VL]H, iV 0.15 foU VnoZ, 0.25 foU
fiUVW-\eaU ice and 1.5 foU mXlWi-\eaU ice. ThiV iV a minoU VimplificaWion fUom BXUgaUd eW al.,
2020a,b), in Zhich Whe coUUelaWion lengWh foU fiUVW-\eaU ice changeV Wo 0.35 beloZ 0.2 m
depWh. AV H[SODLQHG LQ BXUJDUG HW DO. (2020D), WKH FRUUHODWLRQ OHQJWK LV D YDULDEOH
WKDW LV ZHOO XQGHUVWRRG DQG TXDQWLILDEOH IRU VQRZ (MlW]OHU, 2002; PURNVFK HW DO.,



2015; LHPPHW\LQHQ HW DO., 2018), EXW QRW QHFHVVDULO\ IRU VHD LFH. 7KH YDOXHV XVHG
DUH WKHUHIRUH EDVHG RQ SDVW H[SHULPHQWV FRQGXFWHG E\ RDVPXV 7. 7RQERH
(BXUJDUG HW DO., 2020D).

11. Line 159: "(gUeaWeU Whan 30cm)(Fig. S2)" -> "(gUeaWeU Whan 30cm; Fig. S2)"
Thank \oX, WhiV haV been coUUecWed in Whe We[W aV VXggeVWed.

12. Line 180-185: The WZo WhUeVholdV aUe pUeVXmabl\ jXVWified fUom a bimodal naWXUe of
Whe bUighWneVV WempeUaWXUeV. IW ZoXld be XVefXl Wo Vee hiVWogUamV demonVWUaWing WhiV
bimodal naWXUe.
Thank \oX foU WhiV VXggeVWion. We haYe cUeaWed Whe VXggeVWed hiVWogUamV (foU Ma\ 1
2003) and inclXded Whem aV a SXpplemenWal figXUe in Whe UeYiVed manXVcUipW, ZiWh neZ
We[W added Wo UefeU Wo Whem. ³In oUdeU Wo keep Whe definiWionV baVed Volel\ on bUighWneVV
WempeUaWXUeV Vo WhaW conViVWenW compaUiVonV beWZeen model and VaWelliWe daWa aUe
poVVible, Ze VeW WZo bUighWneVV WempeUaWXUe WhUeVholdV EDVHG RQ WKH EULJKWQHVV
WHPSHUDWXUH GLVWULEXWLRQV, ZKLFK DUH VNHZHG KLJK LQ DOO SURGXFWV DQG DSSHDU
PRUH ELPRGDO LQ WKH CESM2 (FLJ. S4).´



12. conWinXed

The VXggeVWion fUom UeYieZeU 1 Wo cUeaWe hiVWogUamV of Whe bUighWneVV WempeUaWXUeV Wo
jXVWif\ Whe WhUeVholdV picked pUompWed XV Wo alVo cUeaWe hiVWogUamV of Whe melW onVeW
daWeV, oXW of cXUioViW\. In Whe hiVWogUamV, iW iV moUe cleaUl\ YiVible WhaW CESM JRA-55
VhoZV a higheU pUopoUWion of eaUlieVW melW eVWimaWion daWeV falling on 1 ApUil (Whe fiUVW
da\ poVVible b\ oXU meWhodV) Whan in Whe VaWelliWe obVeUYaWionV. In Whe oUiginal
VXbmiVVion, Ze VWaUWed checking foU eaUlieVW melW eVWimaWion daWeV on 1 ApUil Wo aYoid
WUanVienW ZinWeU melW eYenWV and foU VimilaUiW\ Wo MaUkXV eW al., 2009,  Zhich XVeV WhiV
daWe foU a meWUic diffeUenWiaWing fiUVW-\eaU and mXlWi-\eaU ice. HoZeYeU, aV VhoZn beloZ,
beginning Whe check on 1 MaUch UedXceV Whe nXmbeU of eaUlieVW melW eVWimaWion daWeV
falling b\ defaXlW on Whe fiUVW poVVible da\. IW alVo moUe cleaUl\ demonVWUaWeV Whe eaUl\
biaV deWecWed in CESM JRA-55. ThXV Ze haYe alWeUed oXU appUoach Wo begin checking
on 1 MaUch inVWead of 1 ApUil. FigXUeV 5 and 6 haYe been UecUeaWed UeflecWing WhiV
change, bXW Whe ke\ UeVXlWV aUe Xnchanged. LocaWionV VelecWed foU FigXUeV 3, 4, and 7
aUe XnaffecWed.

The We[W haV been alWeUed aV folloZV:
SecWion 2.6
³We When define Whe eaUlieVW VnoZmelW eVWimaWion aV Whe fiUVW da\ beWZeen 1 MaUch and
31 JXne WhaW Whe bUighWneVV WempeUaWXUe cUoVVeV a giYen WhUeVhold, Zhich iV choVen Wo
UeflecW Zhen VnoZmelW beginV in Whe model. :H EHJLQ RQ 1 MDUFK WR DYRLG WUDQVLHQW
ZLQWHU PHOW HYHQWV DQG WR UHGXFH WKH QXPEHU RI HDUOLHVW PHOW HVWLPDWLRQ GDWHV
IDOOLQJ E\ GHIDXOW RQ WKH ILUVW SRVVLEOH GD\ LQ WKH CESM JRA-55 UHODWLYH WR ODWHU
VWDUW GDWHV.´

SecWion 2.6
Hence, WhiV appUoach iV YHU\ VimilaU Wo WhaW XVed b\ MaUkXV eW al., 2009, ZheUe Whe
bUighWneVV WempeUaWXUe on 1 ApUil iV XVed Wo deWeUmine ZheWheU Whe Vea ice iV mXlWi-\eaU
oU fiUVW \eaU ice, and ZheUe diffeUenW WhUeVholdV aW Whe 19.3V GH] fUeqXenc\ aUe XVed Wo
deWeUmine one of Whe melW onVeW paUameWeUV.

SecWion 3.2.2
³The laUgeVW diffeUenceV beWZeen Whe model and obVeUYaWionV iV in Whe CenWUal AUcWic,
ZheUe VimXlaWed eaUlieVW VnoZmelW daWeV fall oYeU 60 GD\V eaUlieU in Vome aUeaV.´

ConclXVionV
We find WhaW Whe eaUlieVW VnoZmelW eVWimaWion daWeV geneUall\ agUee Zell beWZeen Whe
model and AMSR and DMSP, bXW geneUall\ occXU aboXW 5-45 da\V eaUlieU in Whe model
compaUed Wo AMSR and DMSP in moVW UegionV of Whe AUcWic (FigV. 5-7).



DiVWUibXWionV of eaUlieVW melW eVWimaWion daWeV Zhen beginning on 1 ApUil 2003.

DiVWUibXWionV of eaUlieVW melW eVWimaWion daWeV Zhen beginning on 1 MaUch 2003.



UpdaWed Fig. 5

UpdaWed Fig. 6



13. Line 185: "ZiWh boXndaU\" -> "ZiWh Whe boXndaU\"
Thank \oX, WhiV haV been coUUecWed in Whe We[W.

14. FigXUeV 1, 5, 6, 8: Add Whe field name and XniWV Wo Whe coloUbaUV.
AV VXggeVWed, field nameV and XniWV haYe been added Wo Whe coloUbaUV.

15. FigXUeV 3, 4, 7: Add maUkeUV Wo Whe map of Whe AUcWic ocean VhoZing e[acWl\ ZheUe
Whe a,b,c,d poinWV aUe.
AV VXggeVWed, laWiWXde and longiWXde maUkeUV haYe been added Wo Whe mapV.

16. RefeUenceV: "SIMIP commXniW\ ... 2020": ThiV doeVn'W appeaU Wo be hoZ Wo ciWe:
hWWpV://agXpXbV.onlinelibUaU\.Zile\.com/acWion/VhoZCiWFoUmaWV?doi=10.1029%2F2019G
L086749
The ciWaWion of Whe SIMIP papeU ZaV changed aW Wile\ afWeU Whe iniWial pXblicaWion foU
pXUel\ adminiVWUaWiYe UeaVonV UelaWed Wo Whe fXnding of Whe pXbliVhing chaUgeV being
caUUied cenWUall\ b\ Whe Ma[-Planck-SocieW\ in GeUman\. AV WhiV change ZaV
implemenWed foU pXUel\ adminiVWUaWiYe UeaVonV, UaWheU Whan UeflecWing Whe inWended,
agUeed aXWhoUVhip of Whe papeU, Ze ZoXld pUefeU Wo keep Whe UefeUence aV Ueading like
Whe oUiginal aXWhoUVhip ³SIMIP commXniW\, 2020´ if joXUnal gXidelineV alloZ.



ReVSRnVe WR RC2

ThiV papeU deVcUibeV a noYel XVe of model VimXlaWed bUighWneVV WempeUaWXUeV Wo
compXWe a neZ meWUic Wo idenWif\ Whe Wiming of eaUlieVW VnoZmelW on AUcWic Vea ice. The
papeU compaUeV Whe VimXlaWed bUighWneVV WempeUaWXUeV and eaUlieVW VnoZmelW daWeV
ZiWh bUighWneVV WempeUaWXUeV and a melW onVeW daWa VeW fUom VaWelliWe daWa.

The papeU iV Zell ZUiWWen, and Whe VWXd\ iV cleaUl\ pUeVenWed. I agUee ZiWh commenWV
fUom Whe pUioU UeYieZeU and Uecommend WhaW WhiV papeU iV pXbliVhed pending a feZ
addiWional claUificaWionV aV deVcUibed in m\ commenWV beloZ.

We Whank Whe UefeUee YeU\ mXch foU WheiU poViWiYe aVVeVVmenW and WheiU conVWUXcWiYe
commenWV WhaW haYe helped XV impUoYe Whe manXVcUipW. A poinW-b\-poinW Uepl\ deWailing
Whe UeYiVionV iV pUoYided beloZ. NeZ We[W WhaW haV been added Wo Whe manXVcUipW iV in
EROG DQG LWDOLFV.

1. L61: Wh\ ZaV 2003 VelecWed aV Whe Vample \eaU? IV iW UepUeVenWaWiYe of a noUmal
(non- anomaloXV) melW onVeW \eaU? OU VomeWhing elVe?
The We[W ZaV alWeUed aV folloZV and a figXUe VhoZing a Wime VeUieV of pan-AUcWic aYeUage
melW onVeW daWeV haV been added Wo Whe SXpplemenW, ZiWh 2003 ciUcled in Ued:
³DeWailed UeVXlWV aUe deVcUibed foU \eaU 2003 Wo demonVWUaWe Whe XWiliW\ of Whe meWhod.
7KH \HDU 2003 ZDV FKRVHQ IRU PXOWLSOH UHDVRQV: LW LV QRW DQ H[WUHPH \HDU LQ WHUPV
RI SDQ-AUFWLF DYHUDJH PHOW RQVHW (FLJ. S1), LW IDOOV DIWHU WKH VWDUW RI WKH AMSR-E
GDWD (JXQH 2002) DQG LV QRW DQ DQRPDORXVO\ ORZ VHD LFH H[WHQW \HDU (VXFK DV 2007
RU 2012).´

AddiWionall\, We[W ZaV added Wo Whe ConclXVionV:
³B\ Waking adYanWage of Whe moUe diUecW model-Wo-obVeUYaWion compaUiVonV enabled b\
Whe VimXlaWoU, Ze aUe able Wo VhoZ WhaW WhiV peUViVWenW eaUl\ occXUUence of melW foU
diffeUenW meWUicV in CESM2 JRA-55 iV indeed a model biaV, and noW dXe Wo definiWion
diffeUenceV. RegionV VhoZing a laWe biaV in CESM2 JRA-55 occXU along Whe WhUeVhold
line of Whe eaUlieVW VnoZmelW eVWimaWion definiWion and aUe likel\ affecWed b\ XnceUWainW\
in Whe locaWion of mXlWi-\eaU Vea ice. 7KLV DVVHVVPHQW ZDV FRQGXFWHG IRU 2003,
ZKLFK LV QRW DQ H[WUHPH \HDU LQ WHUPV RI SDQ-AUFWLF DYHUDJH PHOW RQVHW, DQG
HDUOLHVW VQRZPHOW HVWLPDWLRQ GDWHV IURP RWKHU \HDUV VKRXOG EH HYDOXDWHG LQ WKH
IXWXUH.´



2. L73: Wh\ iV Whe SWeele eW al. 2019 daWaVeW XVed inVWead of Whe MaUkXV melW onVeW
pUodXcW diUecWl\? AUe Whe\ noW Whe Vame daWa?
YeV, Whe melW onVeW daWa aUe Whe Vame in Whe WZo daWaVeWV. To UeflecW WhaW, Whe We[W noZ
UeadV
³EaUl\ and conWinXoXV melW onVeW daWeV aUe Waken fUom Whe AUcWic Sea Ice SeaVonal
Change and MelW/FUee]e ClimaWe IndicaWoUV fUom SaWelliWe DaWa VeUVion 1 (SWeele eW al.,
2019), Zhich iV baVed on Whe DMSP bUighWneVV WempeUaWXUeV fUom 1979-2017. 7KH
SWHHOH HW DO., 2019  GDWDVHW SURYLGHV PHOW RQVHW GDWHV FDOFXODWHG XVLQJ WKH PHWKRG
HVWDEOLVKHG E\ MDUNXV HW DO., 2009 DV ZHOO DV DGGLWLRQDO YDULDEOHV EDVHG RQ LFH
FRQFHQWUDWLRQ. IW LV XVHG KHUH IRU FRQVLVWHQF\ DQG HDVH RI FRPSDULVRQ ZLWK SDVW
ZRUN RQ VSULQJ VHD LFH WUDQVLWLRQ PHWULFV (SPLWK HW DO., 2020).´

3. L206-207: To ZhaW e[WenW do \oX Whink eUUoU in Whe obVeUYaWionV oU in Whe VimXlaWed
bUighWneVV WempeUaWXUe conWUibXWe Wo Whe diYeUgence beWZeen Whe VimXlaWed and
obVeUYed bUighWneVV WempeUaWXUeV in Whe cenWUal AUcWic (i.e, FigXUe 3d) Veen afWeU Whe
SIC declineV? WhaW mighW Whe ph\Vical UeaVon foU WhiV big diffeUence be?
ThankV foU aVking. To addUeVV WhiV, Whe We[W noZ UeadV aV folloZV:
Once Whe Vea ice concenWUaWion declineV, Whe magniWXde of Whe bUighWneVV WempeUaWXUe
in Whe cenWUal AUcWic in Whe model becomeV loZeU Whan obVeUYed and Whe YaUiabiliW\ no
longeU maWcheV Whe obVeUYaWionV (Fig. 3d), OLNHO\ GXH WR GLIIHUHQFHV LQ VHD LFH
FRQFHQWUDWLRQ EHWZHHQ WKH PRGHO DQG REVHUYDWLRQV DW LQGLYLGXDO JULG FHOOV.



4. L288: PleaVe add pUopeU nameV foU Whe geogUaphic locaWionV WhaW aUe conVideUed
³infloZ UegionV´.
AV UeqXeVWed, Ze added Whe pUopeU nameV, and Whe We[W noZ UeadV aV folloZV:
³HoZeYeU WhiV YalXe can and doeV e[ceed 1 in Vome locaWionV, paUWicXlaUl\ in WKH
BDUHQWV DQG CKXNFKL SHDV ZheUe laWe-VpUing VWoUmV ma\ be e[pecWed, Vince VnoZ
accXmXlaWion can VWill occXU afWeU Whe daWe of ma[imXm VnoZ depWh.´


