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KReYe & FUeQgeU: A caVe fRU a SUagPaWLc R[\geQ-baVed aSSURach WR TXaQWLf\LQg Whe 
bLRORgLcaO cRQWULbXWLRQ WR Whe PaULQe caUbRQ VLQN  
 
DeaU edLWRU & UeYLeZeUV, 
We WhaQN bRWh UeYLeZeUV fRU WheLU WLPe aQd YeU\ heOSfXO aQd cRQVWUXcWLYe cRPPeQWV. 
POeaVe fLQd beORZ SRLQW-b\-SRLQW UeVSRQVeV WR Whe cRPPeQWV. OULgLQaO UeYLeZeU cRPPeQWV 
aUe gLYeQ LQ EODFN, RXU UeVSRQVeV LQ EOXH.  
 
We aOVR SURYLde PRdLfLed We[W eOePeQWV, ZheUe LW LV VWUaLghWfRUZaUd (LQ UHG) aQd LQdLcaWe 
ZheUe addLWLRQaO We[W chaQgeV aUe SOaQQed fRU Whe UeYLVed YeUVLRQ. 
 
RHYLHZHU 2 

The aXWhRUV UeYLVLW Whe cRQceSW Rf ³ASSaUeQW O[\geQ UWLOL]aWLRQ (AOU)´ LQ WhLV PaQXVcULSW. 
The\ aVVeVV Whe XVefXOQeVV Rf Whe AOU aSSUR[LPaWLRQ fRU Whe SUeLQdXVWULaO VWead\ VWaWe aQd 
fRU decadaO-WR-ceQWeQQLaO cOLPaWe chaQge SURMecWLRQV XVLQg Whe UVLc EaUWh S\VWeP MRdeO 
(ESM). MRUeRYeU, Whe\ haYe e[WeQVLYeO\ eYaOXaWed Whe XVefXOQeVV Rf AOU aV aQ eVWLPaWe Rf 
Whe VRfW-WLVVXe caUbRQ SXPS. 

    IW haV beeQ ZLdeO\ dLVcXVVed WhaW XQceUWaLQWLeV LQ AOU aULVe fURP aLU-Vea dLVeTXLOLbULXP 
aQd fURP Whe LQWeUSUeWaWLRQ Rf AOU UeOaWLYe WR ³TUXe O[\geQ UWLOL]aWLRQ (TOU)´. The aXWhRUV 
haYe deVLgQed a VXLWe Rf VeQVLWLYLW\ e[SeULPeQWV WR TXaQWLf\ XQceUWaLQWLeV XQdeU YaULRXV 
bRXQdaU\ cRQdLWLRQV (L.e., VceQaULRV). The AOU (aQd LWV e[WeQVLRQ WR TXaQWLf\ Whe bLRORgLcaO 
caUbRQ SXPS) haV beeQ ZLdeO\ XVed fRU RbVeUYaWLRQaO aQd PRdeO dLagQRVWLcV (e.g., 
deR[\geQaWLRQ VWXdLeV), aQd LW LV LPSRUWaQW WR aVVeVV LWV XQceUWaLQWLeV aQd LQWeUSUeWaWLRQ. The 
aXWhRUV LQWURdXced (UeYLVLWed) Whe cRQceSW ZLWh a QLce LQWURdXcWLRQ, PeWhRdV, aQd dLVcXVVLRQ 
baVed RQ VeQVLWLYLW\ e[SeULPeQWV. I WhLQN LW LV LPSRUWaQW WR dLVcXVV Whe ZLdeO\ XVed AOU 
cRQceSW WR beWWeU XQdeUVWaQd Whe RceaQ R[\geQ aQd caUbRQ c\cOeV. I eQMR\ed UeadLQg Whe 
SaSeU, aQd Whe VWXd\ ZLOO be a gUeaW cRQWULbXWLRQ WR adYaQcLQg RXU XQdeUVWaQdLQg Rf RceaQ 
deR[\geQaWLRQ aQd caUbRQ XSWaNe XQdeU cOLPaWe chaQge.  

A: We WhaQN Whe UeYLeZeU fRU hLV VXSSRUWLYe ZRUdV. 

I VWLOO haYe VeYeUaO cRPPeQWV fRU Whe SaSeU, aQd I hRSe WhLV heOSV WR LPSURYe Whe PaQXVcULSW. 

A: We WhaQN Whe UeYLeZeU fRU hLV/heU cRQVWUXcWLYe cRPPeQWV aQd UeVSRQd beORZ, 
SRLQW-b\-SRLQW. See RXU deWaLOed UeVSRQVeV beORZ (LQ bOXe). WheUe RbYLRXV, Ze SURYLde aOVR 
SOaQQed chaQgeV WR Whe We[W (LQ (bROd) Ued). 

 

MDMRU CRPPHQWV 

R2.1. I Vee WhLV VWXd\ LV fRcXVLQg RQ fXUWheU (RU Ue-) LQWeUSUeWLQg Whe cRQceSW Rf ³AOU´. I 
beOLeYe, LQ geQeUaO, Ze WhLQN Rf AOU aV aQ aSSUR[LPaWLRQ Rf TOU (XQdeU Whe aVVXPSWLRQ Rf 
SeUfecW eTXLOLbUaWLRQ aW Whe VXUface ZLWh gLYeQ T aQd S, aV Whe aXWhRUV aOVR VWaWed), bXW Whe 
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aXWhRUV LQWURdXced fXUWheU LQWeUSUeWaWLRQ, LQcOXdLQg ³dLVeTXLOLbULXP´ (PRUe VSecLfLcaOO\, 
bLRORgLcaOO\ dULYeQ dLVeTXLOLbULXP) WR LQWeUSUeW AOU fURP a dLffeUeQW SRLQW Rf YLeZ. 

   I XQdeUVWaQd ZhaW Whe aXWhRUV aUe WU\LQg WR dR LQ WhLV SaSeU, bXW WhLV QeedV cOaULfLcaWLRQ LQ 
Whe PaLQ PeVVage (eVSecLaOO\ LQ Whe abVWUacW aQd cRQcOXVLRQ). MRUeRYeU, I aP ZRQdeULQg 
ZheWheU Whe aXWhRUV aUe aUgXLQg WhaW AOU aQd TOU SURYLde VOLghWO\ dLffeUeQW LQfRUPaWLRQ (b\ 
LQcOXdLQg Whe LPSacW Rf aLU-Vea dLVeTXLOLbULXP VWePPLQg fURP bRWh Sh\VLcaO aQd bLRORgLcaO 
SURceVVeV). I WhLQN WheUe LV URRP WR UeYLVLW Whe SUeVeQWaWLRQ VW\Oe WR hLghOLghW WhLV UaWheU WhaQ 
MXVW LQWURdXcLQg Whe LQWeUSUeWaWLRQ Rf Whe AOU aQd TOU. ThLV UeOaWeV WR Whe PLQRU/VSecLfLc 
cRPPeQW I Pade fRU L247, ZhLch I WhLQN QeedV cOaULfLcaWLRQ RQ Whe dLffeUeQce beWZeeQ AOU 
aQd TOU fURP Whe aXWhRU'V SeUVSecWLYe (aQd ZheWheU Whe aXWhRUV aUe aUgXLQg bRWh XVefXO 
cRQceSWV, bXW LQWeUSUeWaWLRQ QeedV WR be Pade ZLWh caXWLRQ). PaUWLcXOaUO\, Whe PeaQLQg aQd 
dLffeUeQce beWZeeQ ³« accXPXOaWed O2 XWLOL]aWLRQ Rf LQWeULRU RceaQ ZaWeUV VLQce OaVW cRQWacW 
ZLWh Whe aWPRVSheUe (fRU TOU)´ aQd ³ Whe WRWaO accXPXOaWed O2 debW aVVRcLaWed ZLWh Whe 
degUadaWLRQ Rf RUgaQLc PaWWeU LQ Whe LQWeULRU RceaQ (ZhLch I WhLQN SRLQWV WR Whe AOU)´ LQ Whe 
PaLQ We[W ZeUe QRW eQWLUeO\ cOeaU WR Pe (I XVXaOO\ WhLQN Whe fRUPeU LV Whe baVLc LQWeUSUeWaWLRQ Rf 
bRWh AOU aQd TOU). 

A: We WhaQN Whe UeYLeZeU fRU WhLV VXggeVWLRQ. IQ Whe UeYLVed PaQXVcULSW Ze SRLQW RXW eaUO\ RQ 
WhaW ZLWh RXU PaQXVcULSW Ze VWLcN WR RULgLQaO defLQLWLRQV Rf TOU aQd AOU bXW SURYLde LQVLghWV 
LQWR dLffeUeQceV beWZeeQ Whe WZR. IQ SaUWLcXOaU Ze aLP WR SXVh fRUZaUd WhaW Whe facW WhaW AOU 
dLffeUV fURP TOU LV QRW a ZeaNQeVV. IQVWead LW cRQWaLQV LQfRUPaWLRQeQ Rf RUgaQLc PaWWeU 
deca\ SULRU WR Whe PRVW UeceQW cRQWacW ZLWh Whe VXUface (bXW QRW ORVW dXe WR eTXOLbUaWLRQ). 
AOU LV heQce PRUe a cRPSUeheQVLYe PeaVXUe Rf Whe R[\geQ PLVVLQg aQd caUbRQ added dXe 
WR RUgaQLc PaWWeU degUadaWLRQ. 

:H ZLOO DGG D VXPPDUL]LQJ SDUDJUDSK WR WKH FRQFOXVLRQ DQG DOVR PDNH FKDQJHV WR WKH 
DEVWUDFW, DFFRUGLQJO\. 

TR SURYLde bacNgURXQd/hLVWRU\: The fLUVW, WhRXgh bULef aQd UaWheU WheRUeWLcaO, WUeaWPeQW Rf Whe 
WeUP ³WUXe R[\geQ XWLOL]aWLRQ´, TOU, WhaW Ze cRXOd WUacN dRZQ ZaV LQ Whe BURecNeU aQd PeQg 
1982 We[WbRRN (TUaceUV LQ Whe Sea, S 131). The\ LQWeUeVWLQgO\ cRQcOXded WhaW Whe aVVXPSWLRQ 
Rf R[\geQ VaWXUaWLRQ LV OLNeO\ aQ XQdeUeVWLPaWe Rf SUefRUPed R[\geQ OeaYLQg Whe VXUface 
RceaQ, heQce AOU WR be aQ XQdeUeVWLPaWe Rf Whe WUXe R[\geQ XWLOL]aWLRQ. ThLV ZaV baVed RQ 
Whe aYaLOabOe daWa aW Whe WLPe (LQ SaUWLcXOaU VXPPeU WLPe GEOSECS RbVeUYaWLRQV), ZhLch 
VhRZed a VOLghW VXSeUVaWXUaWLRQ (RQ aYeUage 3%) Rf VXUface ZaWeUV cRPSaUed ZLWh R[\geQ 
VROXbLOLW\ cRPSXWed fURP VXUface WePSeUaWXUe aQd VaOLQLW\, e[SOaLQed LQ SaUWLcXOaU b\ bXbbOe 
eQWUaLQPeQW (FLg. 3-6, a SORW cRQfLUPed LQ OaWeU We[W bRRNV, e.g. SaUPLeQWR & GUXbeU, 2006, 
fURP PRUe UeceQW aQd e[WeQVLYe daWa.) BURecNeU aQd PeQg aOVR PeQWLRQ Whe addLWLRQaO effecW 
Rf PL[LQg ZaWeUV ZLWh dLffeUeQW eQdPePbeU WePSeUaWXUeV RQ cRPSXWed O2

VaW, bXW cRQcOXde 
WhaW ³WheVe effecWV aUe VPaOO cRPSaUed WR acWXaO XWLOL]aWLRQ, AOU LV TXLWe cORVe WR TOU (WUXe 
R[\geQ XWLOL]aWLRQ)´. IWR eW aO., 2004 ZeUe Whe fLUVW WR LQWURdXce aQ e[SOLcLW PRdeO WUaceU 
aSSURach WR TXaQWLf\ TOU aQd Whe dLffeUeQce beWZeeQ AOU aQd TOU e[SOLcLWO\. IQVWead Rf 
XVLQg a WUaceU Rf TOU dLUecWO\ (aV Ze dR heUe), Whe\ cRPSXWe TOU b\ dLffeUeQce beWZeeQ O2 
aQd a WUaceU Rf SUefRUPed R[\geQ ZhLch LV VeW aW Whe WLPe Rf VXbdXcWLRQ aQd WUaQVSRUWed b\ 
Sh\VLcaO cLUcXOaWLRQ WhURXgh Whe LQWeULRU RceaQ. IWR eW aO. 2004 cOeaUO\ VhRZ LQ WheLU PRdeO 
e[SeULPeQWV WhaW ZaWeUV LQ UegLRQV (aQd aW WLPeV) Rf ZaWeU PaVV VXbdXcWLRQ, LQ SaUWLcXOaU LQ 
Whe hLgh OaWLWXdeV, aUe RfWeQ XQdeUVaWXUaWed. ThLV XQdeUVaWXUaWLRQ ZaV fRXQd WR be a 
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cRQVeTXeQce Rf Whe XSZeOOLQg RU cRQYecWLYe PL[LQg Rf LQWeULRU RceaQ ZaWeUV ORZ LQ R[\geQ 
dXe WR fRUPeU RUgaQLc PaWWeU degUadaWLRQ. The facW WhaW cRQYecWLYe PL[LQg LV RfWeQ cRPbLQed 
ZLWh heaW fOX[ RXW Rf Whe RceaQ (L.e. VXUface ZaWeU cRROLQg aQd LQcUeaVe LQ R[\geQ VaWXUaWLRQ) 
addV WR LQLWLaO R[\geQ XQdeUVaWXUaWLRQ.  

BRWh BURecNeU aQd PeQd aV ZeOO aV IWR eW aO. cRQVLdeU TOU aV a SURSeUW\ accXPXOaWLQg VLQce 
OaVW cRQWacW ZLWh Whe VXUface LQdeed. IW LV XQfRUWXQaWe (aV, Ze fLQd, PLVOeadLQg) WhaW ZLWh 
cRLQLQg LW µWUXe¶ WhLV SURSeUW\ aSSeaUV  WR UefOecW Whe µWUXe¶ R[\geQ XWLOL]aWLRQ ZhLOe LW LQcOXdeV 
µRQO\¶ Whe degUadaWLRQ SURdXcWV VLQce OaVW cRQWacW ZLWh Whe VXUface/aWPRVSheUe¶. AV Ze VhRZ 
LQ WhLV VWXd\, Whe SURdXcWV Rf RUgaQLc PaWWeU degUadaWLRQ fRU R[\geQ aQd caUbRQ caQ be 
UecLUcXOaWed ZheQ ZaWeU VXbdXcWV SULRU WR eTXLOLbUaWLRQ. 

 

R2.2. IW LV LQWeUeVWLQg WR Vee hRZ AOU baVed eVWLPaWeV Rf VRfW WLVVXe caUbRQ SXPS dLYeUge 
fURP Whe DIC-baVed eVWLPaWeV. IQ cOLPaWe chaQge cRQdLWLRQV, Whe aXWhRUV e[SOaLQ WhLV b\ Whe 
LPSacW Rf Whe CaQWh-effecW (L374-«), bXW I aP VWLOO QRW VXUe Zh\ Whe WUaQVLeQW LQcUeaVe LQ 
aWPRVSheULc SCO2 LPSacWV DICdLV, bLR. I XQdeUVWaQd Whe Sh\VLcaO-chePLcaO LQYaVLRQ Rf 
aQWhURSRgeQLc caUbRQ cRXOd bOLQd WhLQgV, bXW I ZRXOd OLNe WR aVN fRU fXUWheU e[SOaQaWLRQ aQd 
cOaULfLcaWLRQ RQ Zh\ WhLV LPSacWV Whe DICdLV, bLR, QRW Whe DICdLc, Sh\V. 

A: ThRXgh LW LV dLffLcXOW WR VhRZ WhLV e[SOLcLWO\, Ze VXVSecW ³bXffeU eURVLRQ´ aV UeaVRQ fRU Whe 
LPSacW Rf Whe CaQWh LQYaVLRQ RQ DICdLV. SSecLfLcLaOO\, LW LV Whe deSeQdeQce Rf Whe eTXLOLbUaWLRQ 
WLPe Rf CO2 (bXW QRW R[\geQ) RQ Whe caUbRQaWe bXffeU facWRU (BURecNeU aQd PeQg, 1974, 
TeOOXV 26,1-2; ZhRX eW aO., 2025, hWWSV://dRL.RUg/10.1038/V41558-024-02179-9) .  

We chaQge RXU We[W aV fROORZV (L642ff) 
³Instead, the change in DICdis,bio  in the BGC*-experiment  is a response to the transient increase of 
atmospheric pCO2 (Fig. S8b), hence rather related to the physical-chemical invasion of Canth. This 
Canth-effect in BGC* experiment on 𝛥DICdis,bio can be explained by the impact of the carbonate 
buffer factor on the equilibration time of CO2, ᶦCO2, which can be estimated as ᶦCO2 = 𝛽zml/k, with 
𝛽 = �[DIC]/�[CO2], the carbonate buffer factor, zml the mixed layer depth and k the gas transfer 
velocity (e.g. Zhou et al., 2025). The carbonate buffer factor decreases with the invasion of Canth 
into the ocean, hence does ᶦCO2. Since oxygen does not have a respective (µO2

anth¶) effect (ᶦO2 = 
zml/k), an AOU based estimate of Csoft is blind against the Canth-effect. «.³ 

   IQ addLWLRQ, ZheQ aXWhRUV cRQdXcWed QR bLRORgLcaO SXPS e[SeULPeQWV, dLd \RX aOVR WXUQ Rff 
Whe caUbRQaWe SXPS (caOcLXP caUbRQaWe fRUPaWLRQ)? (I Vee Whe VWaWePeQW WXUQLQg Rff Whe 
LPSacW Rf bLRORgLcaO caUbRQ SXPSV RQ aONaOLQLW\ aQd DIC LV dLVabOed fRU QO2bLRPXPSV). I 
XQdeUVWaQd Whe AOU (CVRfW) PaLQO\ fRcXVeV RQ VRfW-WLVVXe SXPSLQg, VR LW LV a VeSaUaWe WRSLc, 
bXW I aP ZRQdeULQg hRZ WhLV cRXOd affecW Whe caUbRQ LQ \RXU VXLWe Rf VeQVLWLYLW\ e[SeULPeQWV, 
eVSecLaOO\ Whe caUbRQ dLVeTXLOLbULXP, ZhLch Pa\ LPSacW Whe UeVXOWV.  

A: YeV Ze dLd aOVR WXUQ Rff Whe CaCO3 cRXQWeU SXPS. ThLV LV dRQe fRU a VLPSOe WechQLcaO 
UeaVRQ. IQ RXU QRBLRPXPS e[SeULPeQWV, Ze WXUQ Rff Whe VRfW WLVVXe SXPS b\ VeWWLQg Whe PO4 
QXWULeQW fLeOd WR ]eUR LQ Whe UeVWaUW fLOe Rf Whe QRBLRPXPSV VSLQXS e[SeULPeQWV. ThLV VWRSV 
SULPaU\ SURdXcWLRQ ULghW aZa\ aQd caXVeV RYeU Whe VSLQXS Whe ORVV Rf aOO UePLQeUaOLVed DIC 
(aQd Whe LQYaVLRQ Rf R[\geQ LQWR RXU PRdeO RceaQ. SLQce Whe CaCO3-SXPS deSeQdV 
SURgQRVWLcaOO\ RQ Whe VRfW WLVVXe SXPS SURdXcWLRQ LQ RXU PRdeO (KeOOeU eW aO., 2012), Whe 
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fRUPeU LV dLVabOed aV ZeOO b\ defLQLWLRQ. RXQQLQg a PRdeO ZLWh CaCO3-cRXQWeU SXPS bXW 
ZLWhRXW VRfW WLVVXe SXPS LV OLNeO\ dLffLcXOW RU LPSRVVLbOe LQ PRVW RceaQ PRdeOV. We cOaULf\ LQ 
Whe MeWhRdV aV fROORZV (L269f): 

³The setup noBioPumps is realized by setting PO4 to zero globally, which consequently turns off both 
biological carbon pumps,  the soft tissue pump and the CaCO3 counter pump. ³ 

 

R2.3.  FLQaOO\, LW ZRXOd be heOSfXO WR Vee VWaWePeQWV RQ hRZ Ze caQ XVe Whe cRQceSW Rf AOU 
(aQd TOU) fRU fXWXUe PRdeO dLagQRVWLcV, VXch aV CMIP PRdeO dLagQRVWLcV, gLYeQ Whe dLYeUVe 
WUeaWPeQW Rf RceaQ bLRgeRchePLcaO cRPSRQeQWV LQ Whe PRdeO aQd dLffeUeQceV LQ cLUcXOaWLRQ 
aQd PL[LQg. ThLV LV VRPeZhaW geQeUaO, bXW LW ZLOO VWLOO be QLce WR Vee Whe aXWhRU'V RSLQLRQ aQd 
cRPPeQWV RQ facLOLWaWLQg Whe fXWXUe aQaO\VLV fRU beWWeU XQdeUVWaQdLQg Rf Whe RceaQ 
deR[\geQaWLRQ aQd chaQgeV LQ Whe caUbRQ c\cOe. 

A: The LQWeQWLRQ Rf RXU ZRUN LV WR SURYLde TXaQWLWaWLYe bRXQdV RQ Whe XQceUWaLQW\ Rf Whe 
AOU-aSSUR[LPaWLRQ, QRW QeceVVaULO\ WR gLYe adYLce WR EaUWh S\VWeP PRdeOOeUV RQ hRZ WR 
e[WeQd WheLU PRdeOV. HRZHYHU, ZH ZLOO DGG D VKRUW UHVSHFWLYH SDUDJUDSK WR WKH 
FRQFOXVLRQV.  

 

MLQRU/SSHFLILF CRPPHQWV 

R2.4 HRZ cRXOd Whe dLffeUeQce LQ aLU-Vea gaV e[chaQge aQd eTXLOLbULXP WLPeVcaOeV beWZeeQ 
O2 aQd CO2 affecW Whe UeVXOWV, gLYeQ WhaW Whe aXWhRUV hLghOLghW Whe dLVeTXLOLbULXP aUgXPeQW LQ 
WhLV VWXd\? 

A: See RXU UeVSRQVe WR R2.2 aQd Whe aVVRcLaWed We[W addLWLRQ. 

L42: ³WLOVRQ eW aO., 2022´ fRQW VhRXOd be fL[ed (fURP LWaOLc WR QRQ-LWaOLc). 

A: dRQe 

L57: I WhLQN WhLV LV a gRRd SRLQW; Whe aVVXPSWLRQ LV QRW RQO\ fURP Whe SeUfecW VXUface O2 
VaWXUaWLRQ bXW aOVR VWePV fURP PL[LQg aQd VXbVXUface ZaUPLQg. CRXOd \RX aOVR cOaULf\ hRZ 
VXbVXUface ZaUPLQg cRXOd RccXU (aUe \RX WhLQNLQg Rf VhRUWZaYe UadLaWLRQ SeQeWUaWLQg be\RQd 
Whe VXUface)? 

A: YeV, LQ addLWLRQ WR PL[LQg, SeQeWUaWLRQ Rf VhRUWZaYe UadLaWLRQ be\RQd Whe VXUface PL[eV 
Oa\eU ZaV Whe SRLQW SXW fRUZaUd b\ DLeW]e aQd OVchOLeV. We cOaULf\ (L 68): 

³and subsurface warming (penetration of short wave radiation beyond the surface mixed layer) 
affect local temperature´    

L122: HRZ dReV ZLQd VSeed, Vea VWaWe, Vea Lce cRYeU, eWc., affecW Whe bLRORgLcaO SaUW Rf 
dLVeTXLOLbULXP? (O2dLV, bLR) 
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A: AV ZLWh aQ\ dLVeTXLOLbULXP, OaUgeU ZLQd VSeed Pa\ UedXce LW aQd Vea Lce cRYeU Pa\ 
eQhaQce LW. WLWh WhLV VWaWePeQW Ze ZaQWed WR cOaULf\ WhaW Whe WeUP O2

dLV,Sh\V UefeUV SaUWLcXOaUO\ 
WR Whe Sh\VLcaO µdULYeUV¶ cRROLQg RU ZaUPLQg (eYeQWXaOO\ aOVR VaOLQLW\ chaQgeV) fRU aQ R[\geQ 
dLVeTXLOLbULXP. OXU UeVSecWLYe WeUPLQRORg\ LV cRQVLVWeQW ZLWh Whe RQe XVed LQ 
gOacLaO-LQWeUgOacLaO VWXd\ b\ COLff eW aO., 2021, hWWSV://dRL.RUg/10.1038/V41561-020-00667-]. 
CRPSaUe SaUagUaSh VWaUWLQg LQ L 191 (³SLQce O2abLRW haV  QR bLRORgLcaO «´). NR chaQgeV Rf 
We[W. 

L198: HRZ PXch Rf a dLffeUeQce dReV LW PaNe WR UXQ CO2-ePLVVLRQ-baVed VLPXOaWLRQV 
(cRPSaUed WR Whe SUeVcULbed CO2 VLPXOaWLRQV aV LQ AURUa eW aO., 2020) 

A: IQWeUeVWLQg TXeVWLRQV (ZheWheU Whe VWUeQgWh Rf cOLPaWe-feedbacNV deSeQdV RQ ePLVVLRQV 
YV. cRQceQWUaWLRQ fRUced). A dLUecW cRPSaULVRQ WR AURUa eW aO., 2020, hRZeYeU, LV YeU\ dLffLcXOW 
VLQce Ze dLd QRW XVe Whe SURWRcRO Rf AURUa eW aO., 2020 (1% SCO2aWP LQcUeaVe SeU \eaU 
TXadUXSOLQg Rf SUeLQdXVWULaO YaOXeV), bXW a VceQaULR ZLWh PXch ORZeU SeaN SCO2

aWP aQd 
ZaUPLQg. IQ AURUa¶V 4[CO2 VLPXOaWLRQV caUbRQ cOLPaWe feedbacNV UedXce Whe PaULQe caUbRQ 
VLQN b\ abRXW -77 Pg C (FLg 3, CMIP6 PRdeOV, PRdeO PeaQ), cRPSaUed WR 670 Pg C LQ Whe 
BGC e[SeULPeQW, L.e. b\ abRXW -11% RQ aYeUage. The LQWeUPRdeO-SD Rf Whe caUbRQ-cOLPaWe 
feedbacN SaUaPeWeU LV 4.95 Pg C �C-1 (Tab. A1, eTXLYaOeQW WR abRXW 30% Rf Whe PeaQ 
caUbRQ-cOLPaWe feedbacN SaUaPeWeU). AdRSWLQg WhLV SD-YaOXe WR Whe QXPbeUV gLYeQ abRYe, I 
eVWLPaWe WhaW caUbRQ cOLPaWe feedbacNV UedXced Whe PaULQe caUbRQ VLQN b\ URXghO\ -8 WR 
-14% aW 4[CO2 LQ CMIP6 PRdeOV. OXU ePLVVLRQ dULYeQ e[SeULPeQWV VhRZ a cXPXOaWLYe 
PaULQe caUbRQ VLQN Rf 296 Pg C LQ COU* aQd 320 Pg C LQ BGC* aW SeaN SCO2

aWP (\eaU 82), 
L.e. a cOLPaWe-chaQge UeOaWed UedXcWLRQ Rf abRXW -7.5%. ThLV aSSeaUV WR LQdLcaWe a ORZeU 
caUbRQ-cOLPaWe feedbacN. We QRWe, hRZeYeU, WhaW Whe VWUeQgWh Rf cOLPaWe chaQge (PXch 
OaUgeU LQ AURUa¶V e[SeULPeQWV) aQd aOVR Whe WLPe Rf cRPSaULVRQ PaWWeU, aV Whe LPSacW Rf 
cOLPaWe chaQge cRQWLQXeV RYeU WLPe ZLOO LQWR QeW-]eUR ePLVVLRQ VWaWeV. IQ \eaU 140 LQ RXU 
e[SeULPeQW (WhaW LV Whe \eaU ZheQ 1%SCO2 LQcUeaVe e[SeULPeQWV Ueach 4[CO2), Whe PaULQe 
caUbRQ VLQN Rf COU LV b\ 10% ORZeU cRPSaUed WR Whe PaULQe caUbRQ VLQN LQ BGC. I cRQcOXde 
WhaW, XQfRUWXQaWeO\, Ze caQ¶W aQVZeU Whe TXeVWLRQ Rf Whe UeYLeZeU gLYeQ Whe e[SeULPeQWV aW 
haQd.  

 

L205: ³RU Whe UaWe ZLWh ZhLch Whe VLQNLQg VSeed LQcUeaVeV RYeU deSWh´, WhLV VhRXOd be cOaULfLed 
PRUe b\ addLQg VLQNLQg ³RUgaQLc SaUWLcOe´ VSeed. 

A: added 

L222:  IW LV abRXW Whe VW\Oe, Whe VeQWeQce "GORbaOO\, PRVW Rf WhLV dLffeUeQce, abRXW 80%, LV 
e[SOaLQed - UaWheU WhaQ b\ Whe, SULPaULO\, WheUPaO effecW Rf VROXbLOLW\ LQcUeaVe dXe WR cRROLQg - 
b\ XSZeOOLQg Rf XQdeUVaWXUaWed ZaWeUV WhaW caUU\ Whe O2 debW VWePPLQg fURP RUgaQLc PaWWeU." 
LV QRW eaV\ WR fROORZ. I VXggeVW UeShUaVLQg LW. (I WhLQN Whe aXWhRUV aUe aUgXLQg WhaW PRVW Rf Whe 
dLffeUeQce (abRXW 80%) beWZeeQ AOU aQd TOU cRXOd be e[SOaLQed b\ XSZeOOLQg Rf 
XQdeUVaWXUaWed ZaWeUV ... cRUUecW?) 

A: We haYe UeShUaVed WhLV VecWLRQ (Vee aOVR ReYLeZeU 1, cRPPeQW C21) WR: 
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³(L395) Globally, most of this difference, about 80%, is explained by upwelling of undersaturated 
waters that are low in O2 due to organic matter degradation in the interior ocean (Fig. 1a). This 
µbiological¶ contribution is quantified by O2

dis,bio (Fig. 1a, Fig. S2; Eq. 4).   «  (L 320)  The 
remaining 20% of the globally integrated O2

dis  is explained by the thermal effect of solubility 
increase due to cooling during the process of dense water formation and subduction (Fig. S2). ³    

 

L247: ³(TOU) « LW LV LQ facW QRW a gRRd PeaVXUe Rf Whe WRWaO accXPXOaWed O2 debW aVVRcLaWed 
ZLWh Whe degUadaWLRQ Rf RUgaQLc PaWWeU LQ Whe LQWeULRU RceaQ.´ 

ThLV LV aQ LQWeUeVWLQg SRLQW (aQd VRPeZhaW a bLW cRQfXVLQg SRLQW WR Pe aV PeQWLRQed LQ Whe 
PaMRU cRPPeQWV), I XVXaOO\ WhLQN Rf AOU aV aQ aSSUR[LPaWLRQ Rf TOU, ZhLch PeaQV AOU 
aOVR UeSUeVeQWV Whe accXPXOaWed O2 XWLOL]aWLRQ Rf LQWeULRU RceaQ ZaWeUV VLQce OaVW cRQWacW 
ZLWh Whe aWPRVSheUe (L.e. deSeQdV bRWh RQ ZaWeU PaVV SaWhZa\V, age Rf ZaWeU PaVV, aQd 
degUadaWLRQ Rf RUgaQLc PaWWeU aORQg Whe SaWhZa\V), bXW Whe aXWhRUV cOaLP WhaW AOU SURYLdeV 
a gRRd eVWLPaWe Rf ³WRWaO bLRORgLcaO effecW TOU+O2 dLV,bLR´. DR aXWhRUV WhLQN Ze VhRXOd WUeaW Whe 
AOU aQd TOU dLffeUeQWO\ fRU LQWeUSUeWLQg Whe O2 chaQgeV (UaWheU WhaQ aSSUR[LPaWLRQ Rf 
TOU)? 

The aXWhRUV aOVR aUgXe WhaW XQdeU YaULRXV cLUcXPVWaQceV (WeVWed WhURXgh a VXLWe Rf 
VeQVLWLYLW\ e[SeULPeQWV), Whe XQceUWaLQWLeV beWZeeQ AOU aQd ³TOU + O2 dLV,bLR´ aUe a 10%, VR I 
beOLeYe LW LV LPSRUWaQW WR cOeaUO\ VWaWe Whe UeLQWeUSUeWaWLRQ Rf AOU LQ Whe PaQXVcULSW (agaLQ, aV 
PeQWLRQed LQ PaMRU cRPPeQWV). 

A: We add UeVSecWLYe We[W WR Whe cRQcOXVLRQV, Vee UeVSRQVe WR R2.2. 

L258: ³« LQ \eaU 100´ 

IV WhLV WUXe? LRRNLQg aW FLg. 2, Whe PagQLWXde Rf ǻAOU aQd ǻTOU dLffeUV VLgQLfLcaQWO\ b\ \eaU 
800 (Ze dR Vee dLffeUeQceV b\ \eaU 100, bXW LW LV haUd WR Vee a 30% dLffeUeQce fURP Whe 
gUaSh, SeUhaSV becaXVe Rf Whe VcaOe). IW ZLOO be QLce WR LQcOXde Whe acWXaO QXPbeUV 
(PagQLWXdeV). 

A: WLOO be LPSURYed LQ UeYLVed PaQXVcULSW. 
 

L298, 303-304: MLQRU SRLQW, bXW ³ǻAOU LV URbXVWO\ abOe WR eVWLPaWe ǻTOU+𝛥O2 
dLV,bLR WR ZLWhLQ 

abRXW 10% XQceUWaLQW\´, (XQdeU YaULRXV PRdeO VeWXSV). GRRd WR Vee ORZ XQceUWaLQWLeV acURVV 
YaULRXV VceQaULRV, bXW ZheUe dR \RX WhLQN WhLV 10% dLffeUeQce VWePV fURP (QXPeULcV LQ Whe 
PRdeO, RU RWheU facWRUV)? 

A: We aWWULbXWe Whe 10% dLffeUeQce WR chaQgeV Rf O2 
dLV,Sh\V, L.e. a decUeaVe Rf Whe PagQLWXde 

Rf O2
dLV,Sh\V. LLNe ZLWh Whe decUeaVe Rf Whe PagQLWXde Rf O2

dLV,bLR (FLg. 2a), WhLV decUeaVe LV OLNeO\  
e[SOaLQed b\ ORVV LQ Vea Lce (FLg. S3d), cRQVLVWeQW ZLWh Whe fLQdLQgV Rf IWR eW aO., 2004, WhaW Whe 
dLffeUeQce Rf TOU aQd AOU LV VWURQgO\ LQfOXeQced b\ Vea Lce (LQ Whe SRXWheUQ OceaQ). 

We aPeQded Whe We[W aV fROORZV (L 516) 
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³The remaining (unexplained) change of AOU is attributed to a decrease of the magnitude of O2dLV,Sh\V . We 
suggest that the decrease in magnitude of O2

dis,phys and O2
dis,bio is associated with the sea ice loss (Fig. S3d) under 

global warming, as sea ice was found to be a prominent control of the difference between AOU and TOU in 
earlier studies (Ito et al.,2004; Duteil et al., 2013). 

 We ZLOO aOVR SUeSaUe & add FLgXUeV Rf Whe chaQge Rf O2
dLV,Sh\V LQ SI.  

 
L298: ³ǻAOU §´ fRQW VhRXOd be fL[ed. 

A: fL[ed 

FLg. 3: I VXggeVW LQcOXdLQg a OegeQd e[SOaLQLQg PaUNeUV (cLUcOe, cURVV, eWc.). 

A: WLOO be added WR Whe UeYLVed fLgXUeV. 

A: AJDLQ, ZH WKDQN WKH DQRQ\PRXV UHYLHZHU 2 IRU KHU/KLV WLPH DQG YHU\ KHOSIXO UHYLHZ. 
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