Reply to reviewers for the manuscript egusphere-2025-1924:”Constraining the
time of emergence of anthropogenic signal in the global land carbon sink”

Na Li, Sebastian Sippel , Nora Linscheid , Miguel D. Mahecha , Markus
Reichstein , and Ana Bastos

© H\KDQN WH UHYLHZ HY |RUWH SURGXRIYH DQG FRQAKPAIYH FRP P HQN + HUH Z H UHS® \R \KH
FRP P HQW 1Q GAMBIODQG Z H VXJ JHWIKRZ. \IR DAYMVWAH P DQXVFUSVDFFREQ) \R \WH
FRP P HQV ,Q DAAMRQ EDVHG RQ\WH FRP P HQN ZH P DGH VRP H H WD FKDQIHV 1Q WH

P DQXVFUSWRUHDVIHUUHDAQ) DQG XQGHYARQAQ)  DVWKH OWAR HDFK UHS®

YHE®Z ZH DAEHW WH FKDQI HY DFFRGEQ] R \KWH FRP P HOMthe line numbers in replies
are according to the new manuscript that shows changes 7KHEGH FR&®UWHG T@HY DUH
P\ UHS@HV DQG\WH UWHG Z RWBY DUH GFDMRQV FKDQI HG



&KDQIJBNFRUGLWEBWHHYLHZHU

Specific comments:

7KL SDSHUFRQUGHY WH WP HR HP HJHQFHR N YDUDEGW 1Q \WH J BEDODQG FDEERQVICQN
DQG VKRZ VKRZ G QDP [FEDCDGMMR HQANFDQ EH XVHG R VKRUWMQ \WH GHWPRQWP H :  KIG! \WH
SDSHULY IQMUHIY) DQG SURYIGHY DQ [P SRUBQAAXNG. 1Q\WH @MDMUH , KDYH D IHZ P DIRU
FRQFHUDV DURXQG \WH P HIMRGRBJ\ DQG OFN RN REVHYDMRQDCHYIGHQRH $V VXK, UHFRP P HQG
P DRUUHYIMRQV

© HWDQN WH UHYLHZ HUIRUUDIMQJ \KHVH P SRMBQISRIQN EHEBZ Z H DAGUHW \KH P DQXVFUSW
DFFRWEQ) \R \KH FRP P HQWV

7KH P RAP DIRUMVXH Z W \WWH SDSHULY WH P HIKRGY Z KIEK XVH @HDUWHQGY R FDBXO\WM
7R 7KLV IV QRAKH WSIFDCP HKIRG |RXQG 1Q RNHUMMGHV VXFK DV

KWBV DIXSXEV RQEHIEWDY Z 1B\ FRP GRL * 0% IRUDU H HQWHP EGNV DQG
KWBV DIXSXEV RQEHIEWDY Z 1B\ FRP GRL JO |RUWH \ABDQEDAG P HNRG

WY FEDUIURP \WH ) LI XUH WP H VHURV \KDWD GHDUIIWY CRADSSURSUDM |RUKLY GDVWY

$CAMRQD® SUHVHQMY 7R R \HDWV ZKHQWHWP HVHULVIVRQD  \ HDW/ IV FRQIXVIQJ
DQG H WDSROMRQ |, | \WH WL QDAKDV QRWHP HUHG E\ \KH HQG R \KH P HVHUHY , VIXJJHW

SUAVHQIG KLY DV QRAWHP HU HG UIDWHUWKDQ H WDSROMTJ

© H DANQRZ BIGI H \WH UHYIHZ HUY FRGPHUD UHJ DEQ) \WH YDIEW XVQJ) D @HDUUHI LAWWRQ
DSSURDFK 9HBZ Z H DQVZ HU\ RXUFRGFHWQV RHE\ RCH

+ DV WH @HDUMHQG DSSURDFK EHHQ DSSTHG EHRUH'

<HV RXUDSSURDFK 1V EDVHG RQ %RQDQ HWDO 8VIQJ |IMHG CHDUWHQG Rl HQVHP E®I
P HDQ DV LJ QDOMHQG KDV EHHQ DSSMHG 1Q UHFHQNBXEQVKHG SDSHY 7 KH ILWAMBDSHU

P HQIRQHG 6 FKGQHIJHUHWDO DOR XVHG | WHG GHDUWHQG R HQVUHP E®I P HDQ DV
VI QDAFKDQIH \WH VP IDUDSSURDFK DV ZH GG 7KH ZURW 6 FKOQHI JHUHWDO

) RUHDFK / ( \WH VI QDAY WH HQVHP EGI DYHUI HWHQG FRP SXWMG DV \WH DYHUIH R WH a
HQVWHP E®I P HP EHY WHQGV @HDU GDWNTXDUHY WHQG

7 KH VHFRQG SDSHU + DZ NQV HWDO P HQIRQHG XVHG D QRQEHDUDSSURDFK \R
UHSUAVHQAL CDORHQG | IWG | RXUK REHUSROGRP IDAHI IWIRQR! JBEDCP HDQ6 $7
FKDQIH + RZ HYHU WHUVWYG. IQYROHVRQD DIRXQG VP XOMRQY VR WH HQVHP E®
P HDQ P LJ KWRWIH GPWKH IXGDQAURSRI HQE W QDO 0 DKHUHWDO " HVHUHVDO

0 IEN_HNDO $ IRXWK RBHUSROCRP IDCP LI KWRYHUMYKH \WHQG DQG
P VFDSWUH VRP H LOMDOYDUDELDI DV WL QDOMHQG SDUMFXOUD 1Q UHI LRQDOWI QDOMHQG
Z KIEK LV VXENMPVWR OU HUYDUDELQW ,Q DAGMRQ \WHUDSSURDFK 1IW HDFK VIP XOMRQ
VHSDUDMD VR WH | WG DQXURSRI HQE VL QDO DP RQJ DOVIP XOMRQV P LI KWRWEH
FROWMMQAZ MKIQ RQH VIQI B P RGHO$ WDMMKH \ HDUWR \ HDUFDBXOMRQR! 7R( Z W
DRXDOMWG 1 %3 YDOH DV VI QDCP LJKVWEH P RUH VHQUMYH \IR DQRP DOV



7R DAAUHW WH FRP P HONZ H FRP SDUHG WH + DZ NQV HWDO Z I\ RXUP HWKRG : H
UHSTDWG DB RWWH DR® \KH VWMSV GHVFUEHG 1Q + DZ NQV HWDO

L ) RUHDFK ( DWW M VWP P RGHOX\VHG QWY VMG, Z H GHILQHG WH WL QDADQG QRVH
SHIRGR! 1 %3 IQWH VDP HZ D\ DV 1QRXUDQDOMY W QDAQ\WH SHURG DQG

CRVH

IL $VWKH JEEDOFDE! |IRUHDFK P RGHOVP XOMRQ Z H IMD |RXWK RICHUSROCQRP IDOR
FDEXOW \WH | WHG J BEDOAI (DOMOGR 198 1 RIVH IRUHDRK P RGHODQG HDFK

VP XOMRQ LY GHICHG DV \WH WBIQEDUE GHYIDURQY R LQMIDQQXDOYDUDMRQY

L $VWKH U IRQDOFDOBI ZHXVHGWH 5 ( &&$3 GRP DIQV 7 KH VLI QDOMHQG IRUHDFK
GRP DIQ LV FDBXOWG DV D VFDBIG YDOH R WH FRUHVSRQAQ) J BEDOAI CDOMHQG | RUHDFK
P RGHOVP XOMRQ 7KH VD@ SURFHGXUH LV DSSHG H DR® DV 1Q + DZ NQV HWDO

S(t) = aT goba(t) + 3

6 WUHSUHVHON \WH UHJ IRQDOWI CDORHQG DQG 7m0 WV WWH IRXU RIEHUSROGRP IDOWG
RYHU 5 HI LIRQDOCRIVH IV GHILGHG DV \WH AWBIQEDUS GHYIDWRQY Rl LOMDQQXDO
1% R HDFK P RGHO/P XOMRQ

W 7PHR (PHJHFH 7R0 VCHIGHGDV7R( 61 : HIGHQMHG WH IIAY HDUIQ
ZKIFK \WDWR( H FHHGHG 7KLV IV HTXLYDBIQAR RUGHIQURQ 7R( 1 6

il ) RUHDRK P RGHOZ H\INH \WH P HADQ 7R( DRIRW DOMVP XOMRQV

) RUHDP S®I IQWHP RGH&( 60 /( ZHKDYH MPXOMRQ : HCGHICHWHWIDO
SHIRGDV DQG WH QRIVH SHURG DV 2 QWH JEGEDOFMD®! ZHIMD
IRXURCHUSROCRP IDOR HDFK VP XOMRQ R HMIP DM WWH WL CDONHQG Z W QRIVH GHIICHG

DV \WH VWBQCEDUE GHYIDWRQ $ WKH UHIIRQDOFDE®! HJ 1R $P HUFD \WWH GRP DIQWJI DO

WHQG LV VFDBIG \R WH FRUHVSRQAQ) JEEDOMQG DQG QRVH IV \WH \ABIQEDLE GHYIDIRQY
Z WIQ HDFK GRP DIQ ) RUHDFK MIP XOMRQ 7R LV FDBXOWG\ HDUE\ \ HDU DQG \WH IV

\HDUIQZKIFEK 7R( H AHHGHG  Z DV WHRWGEHG 7KHP HADQ7R( DRRW \WH
VP XOMRQV IV BHSRWMG DV WH L.CDCHP HU HCRH P H

YHBZ ZHWKRZ YlJ 6 WH7R IRUL%S JBEDDQG 5( &&$3 GRP DIQV XVIQJ \WH
DSSURDFK 1Q + DZ NQV HADO
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YUXWH6 7R RJIGEDDG 5(&&$3 GRPDIQLYB 7R IV FDBXOWMG DFFREQ) \R WH
DSSURDFK 1Q + DZ NQV HWDO 7R( IRUHDFK P RGHOHDFK UHJLIRQ LY \WH P HADQR DO

VP XOMRQY
: HFRP SDUH KLY Z W RXUDSSURDFK 1Q) LIXUH 3 DQHCE Rl RXUP DQXVRUSW
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YJUXH 7R R 1%8 RQDJEGEDOMDEBIDQGDFIRW  5( &&$3  WHIIRQV XQGHUKMRUEFDO
VP XOMRQVR! ILYH( 60 OUHHQVHP EGV 1 RM\KDWR( LV \WH\ HDWY G-WRRE®! DIWU DG

1V FDBXOWG Z W I QDCSHURG R UHDMYH \R WH QRVH SHIRG R HUY
SBDVHFKHANGHAW ~ +HDWP DS R WH 7R( 1Q J®EDADQG HDFK VSDUDOGRP DIQR! 193 ' RP DIV
Z W QR VW QUEDQALI QO3 ! DUH VKRZ Q DV HP SW VT XDUHV

© HIRXQG \WH + DZ NQV HWDO DSSIRDFK ) LJ 6 JHQHD® \ IHOV VKRUWU7R( V

\KDQ RXUGHDUDSSUIRDFK ) L)+ RZ HYHU IQ WHUDSSURDFK IR UHJIRQV VKRZ D 7R(
RRQD RH\HDU &( 60 /( ( XURSHDQG$&&( 66 5XWD 7KLV P LJKVWEH GXH\R OUH
W QDOYDOHV 1Q RUVP DQCRVH [Q \WH SHURG YRUHDPS® &( 60 /(



( XURSHZ M DP HADQ7R( R\ HDUDFIRWD®  HQHP E®I VIP XOMRQY 7 KH HQWHP EG
P HDQVIQFH I\ DSSDUHQ® OUHUWDQP RMRKMHU  5( &&$3 GRPDIQV )L $ 1
\WH P DQXVFUSWKRZ QEHBZ D SDGHOR HQVHP EGI P HDQ DV VXJJHMG B\ \WH UHYLHZ HU
7KHUH P LJKVWEH DQ HBIYDIMG YDOH R IIMHG 1 %3 \.J QDORHQG IGFH DFUIRW P RAW
VP XOMRQY [Q WKLY UHIIRQ 7 KXV WWHUDSSURDFK 1V VHQUAMYH R \WH UH HUHQFH SHURG
VHBPWG DQG\ HDUE\ \ HDU7R( FDBXOMRQ P DNHV \WHUDSSURDFK P RUH VHQUMYH \R
DQRP DIV ,QANMDG Z H FDBXOWM \WH WL QDOMHQG R WH ( XURSHDQ HQVHP EGI P HDQIQ
\WH SHURG \WH | WG CHDUMBSH VKRZ V QR WL QUIFDQAMHQG LQ KLY SHURG
VHH) L $  1QWH P DQXVFUSW 7 KXV \WH HP HJ HQFH P H IV QRAGHWRTE®! 1Q WLV
WHIIRQ
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YUXWHS 7P HVHIHVR 1% HQHP EGIP HDQIURP ILYH ( DUK A VMWP P RGHY' 7KH \KIEN EOFN
@QH IV \WH J BEDCHQVHP EGI P HDQ DQG WH FRERUHG @HV UHSUMVHQWHQVHP E®I P HDQV IRUKH
5(&&$3  WHIIRQYY

%HFDXVH 7R( 1Q \WH QRQECHDUDSSURDFK 1V GHILQHG DV \WH P HADQ DFURW VP XOMRQY
\WH H DPWAJ QDCRUQRVH YDOH FDQQRWEH QUHA IGHQMHG ,QAMDG Z H FDBXOWG WH
QXP EHUR VIP XOMRQV IQHDFK PRGHZ W 7R( | ) L) 6
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YUXWH6 ,QWH+DZNQ/HAWDO DSSURDFK \WH QXP EHUR VP XOMRQV LQ HDFK GRP DIQ \KDW
WKRZ 7R( ! 7KHQXP EHUR VIP XOMRQV IGFOIGHG IQ WY WWXG. DUH @AMG DIWUHDFK P RGHO
QP H

YL 6 VKRZV\WDWQP DQ UHIIRQV\WHUH DUH IHZ HUKDQ VP XOMRQY WDWH FHHG \KLY
\WUHVKRG P HDQQ) WDWBMY \WDQ RQH \MILG R VIP XOMRQY GAWPWHP HIHQRH 7KLY

I QEFDWA \WDVIKH DQIRURSRI HQIE LI QDO FDSWUHG DFURW VIP XOMRQV DUH QRAFRQUMMOW

,QVXP P DY DAKRXJK WH CRQIQHDUDSSURDFK R + DZ NQV HWDO JHQHD®
SURGXFHV VKRUWWU7R( VV \WDQ RXUDSSURDFK VW BMY UREX\W7 KHUDSSURDFK VKRZ V/
XQU-DOAF VKRWEHMAIRQWP HV  \HDU DQG  LQP RAWBIIRQV P RUH WDQ\ER \KILGY
R VP XOMRQ | DIOR GHAMPWKH DOKURSRIHQE UQDO  WH DQMURSRI HQIE WL QDY
FDSUMUHG DFURW P RGHY DUH CRIWFRQUMMQN

7KV P LJKVWEH GXH\R IQAMMDG R GHIQQI \WH VLI QDORHQG DV \WH HQVHP E®I P HDQ

+DZ NQV HWDO GHILQHG WH WL QDORHQG VHSDUDMO 1RUHDFK VIP XOMRQ DQG \WHQ
\RRN \WH P HADQV DRIRW VP XOMRQY 7KLY P DNHV \WWH VLI QDOMHQGY YXQHIDE®! \R
DQRP DIHV [Q IQAYIGXDOVP XOMRQY EGUIQ) \WH VHSDUMRQ EHE HHQ DQKURSRI HQE
WL QDODQG LOMECDOYDUDELDNY ) XWKHP RUH Z M 1HZ HAKWDQ RQH WLG R VIP XOMRQY
GHWRIDI \WH VLI QDOWH UHSRUWMG P HADQR! 7R( V DUH MW UHIDE®! 7 KHUP HIKRG DOR
FDBXOWV 7R( \HDUE\ \HDUHJ RH\HDU7R( IQ)LJ $  ZKHUWDVZH FDBXOWM \WH

WL QDONHQG RYHUH HQUH VLI QDCSHURG

7KLY WRZ V \WWDWKH QRQIHDUDSSURDFK XVHGE\ + DZ NQV HWADO VvV BWV LREXVWARQ

FDSWUQJ \WH FROMMMQNDQXURSRI HQIE WL QDADQG P RUH VHQUMYH \R DQRP DOV
SDWFXOUD Z W GHWDQG FDUEERQ VIQN WP H VHUHY Z KIFK IV VXEMPAR O H .OMIDQQXDO

YDUDVRQY

,V GHDUIIWRUWLI QDORHQG DSSURSUDWM 1Q KLY VAXG, ™

<HV $V FRQFHDV DERXVWAH YDEEW R GHDUUHI IMWIRQ VBSH  UIDWHUWDQ D QRQEHDU
DSSURDFK \R UHSUHVHQAKH VLI QDOHQG Z H KDYH EHBZ. P DIQ WDVRQ

&DSWUQ) WH GRP LQDQWAI QDO [IMREHUGH] UHH YDUDELDY 7 KH HQUHP E®I P HDQ
UH®FW \WH IRUFHG VW QDAQ WH ( DWW A WMP  IQFOIAQ) DQMURSRIHQE IRFIQ) ERK



B WP FROMMAMNDQG VKRWMP VXUHY  VKRWSHUIRG CDMDARFAQIV HJ
YRBDQE HXSWRQY  DQG HYHQ GHFDEDAQMEDOYDUDELDY ' HVHUHWDO E
&DCDGHTHDO (\ UQJ VDO 0 HUFDGR HWDO =KDQI HWDO

7 KH QHDUI WG WHQG RN WH HQUHP E®! P HDQ FDSWUHV \IH P RAWFRQMMONDQG
IQFUHP HQBAQ GHQFH R \WH DQKURSRI HQE LI QDO Z KI®! P LQRUGHYIDURQY IURP \KH
HDUMHQG VBSH P D\ EH LIQRUHG $ QRQIHDUUHI LAWIRQ P LI KWEDSWMUH \KHVH P IQRU
| GPYDVRQY EXWDVWKH UMN RN RYHUIMD) DQG P IVDWIEX\Z QDWDARUAQ) RUGHFDO
IQMCDOYDUDELDW \R DQXURSRI HQE VI QDY 7KLY UWN IV SDIMFXOUD SURQRXQFHG DW
UHJ IRQDO/FDBV LQ WH FDUERQ P\ FBI Z KHUH \H HQVHP EGI P HDQ H[ KIEW OU HU
YDUDEIODW VHH) UXUHS$ DQG) UXH  $CAMRQD® 7R( FRP SDUVRQY DARW

P RGH IV EFWHUSRWIE®! Z W GHDUWHQGY Z W \B R FROMMQ® IQMSUHDEG

SDUDP HAMY ,Q DGAMRQ \WH @HDUL HG WHQG LV RQD DSSMHG RYHUILYH GHFDGHY. QRW
RYHUWH Z KRBI SHURG  DQG IRUD @ WG P H SHURG \WH @QHDU} DURQ R WH WHQGV IV
P RUH MVIMHG \WDQ IRUWH Z KRBI SHIRG

© HKDYH DEEHG RCGH VP DOSDUN UDSK H SOIQQ) Z K\ GHDUUHI UWIRQ LY VXLWDE®
IRUKLY SXIBRH ,Q@H

34+ HUH Z H XVH D @HDUUHI UHWIRQ VBSH UDWHUDQ D CRQIHDUDSSURDAK \R UHSUHVHQW
\WH VLI CDORHQG KLY LV \R FDSVUMUH WH GRP ICDQWRUFHG W QDAQ WH VHBIRMG W QDO
SHURG 7KHHQMHP EGIP HDQR 1 %38 * 33 DQG7( 5 UHGRW \KH IRUFHG HFR WP
UHVSRQWH LQFOQQI DQKMURSRIHQE IRIAQ) VKRWSHURG QDWMWDARFAQIV HJ

YRBDQE HXSWRQY  DQG GHFDEDAQMEDOYDUDEIW ' HVHUHWDO E &DQDGHTHW
DO (\ UQJ) HWDO 0 HUFDGR HWDO =KDQJ HWDO 7KH @QHDU
WHQG FDSWUAY \WH [IIMREHU + DWHE DQQ B WP DQNURSRIHJE LQOHQFH
Z KHU-DV QRQEHDUP HIRGY FRX@ UMN RYHUMIY) DQG P VDWIEX\W) CDMDARUAQ) RU
LQMGDOYDUDELDY \R DQXURSRI HQF VLI QDO HVSHAD® DWIHI LRCDO/FDBN Z KHUA
YDUDEIOW IV QU HU VHH) UXWH$  DQG) UXWH -~

© K ICFACGH 7R( V EH RQGWH \ HDWY R \WH VHBRMG WYG SHIRG'

© H\KDQN WH UHYLHZ HUIRUWLY TXHWIRQ ,QFOQQJ 7IP HR ( P HJHQFH 7R( YDOHV
\KDWH WQG EH RQG WH VWG SHURG SURYIGHV [P SRUBQACQ RUP DUIRQ DERXWIHI IRQV

Z KIEK P LJKVWEH GRP IQDWWG B\ QDWUDOYDUDELDY RUDUH Z HDND QI OHQFHG E\
DQMURSRIHQE IRIAQ) 7KHWP IQ) R \WHVH H \WQGHG 7R( V IQEFDW KRZ. VHYHUH VXFK
@ MIMRQV DUH LQ SDMEXOUUHI IRQV DQG F@P DM VWDMRQY 6 IGFH P RANXXUH
VFHQDURV\KRZ 7R VEHBZ ~ \ HDWY DQG DIVMUUHGXAIQ) WH FIUFXOMRQ LQGXFHG
QRVHIQ1 %3 \WH 7R( VVKRZ DSSDUHQNHGXFHG\ HDW +HUH VR VKRZ WH ILGMUHIHFW
B\ XVQ 5IGIHUHIHMRQ ZHPAWWKH 7R VR \ HDWY/

$ CAMRQDO® Z H DGG WL IQRWP DIRQ 1Q @H

31 RM \KDWRQD WH FDBXOWMG L QDO UHI LWIRQVBSH  Z W L QUEDQFH YDOH 3

IV VHBIRMG | \KH FDBXOWG LI QDO UHI LAWMRQMVEBSH IV QHIDWH Z H \WHQ VBN
\KH DEVROMM VLI QDOYDOH \R J HAD SRAMYH 7R( - + HUH Z H VHBIPWR VKRZ \WH 7R( V BMW
WDQ  \HDW’



7KLV P HKIRG LY XVHG WSIFD® R XQGHYARIQG Z KHQ Z H P LI KW SHAVWR REVHYH FKDQIHV
RXWIGH WWH QRVH + RZ HYHU \WH SDSHUKDV QR REVHIYDMRCDCHYIGHQRH LQ IW, VXJ JHVWFRP SDUQJ
\RDQ REVHYDIRQY Z H KDYH

: HWDON WH UHYIHZ HUIRUSRIQII RXWKLY FUMFDAWXH  Z H DGGEHG WH HIGHOFH R XMQJ
REVHUYDIRQV EHBZ DORDV) LIXUH

6 1 —— Observed AGR ~~- AGR (new)
— Signal —=- Signal (new)
51 —— Residual (SLP predicted)

gC-yr
N

1960 1970 1980 1990 2000

YUXWH  7IP HVHIHV R \KH DW RVSKHIE &2 JURZ\K UDM $* 5 DV DXQD/ RD IURP \R / DQHW
DO ) LYH YREDQE \ HDW/ DQG DUH UHP RYHG 7 KH UHG @QH 1V \WH
REVHYHGS$* 5 7KHEOFN@H IV \WH BQ) WP WHQG | IWHG Z MW D GFD@ Z HI KWG VFDWSEWP RRKIQ)
& BYHDQG HVDO /2: (66 MIQDO 7KHUMGXDOS$* 5  IIMKHG BQ WP WHQG Z DV SUHARMG
XVIQJ 6/ 3 WURXIK UGTH UHI UMWWIRQ Z W BDYH RQH RAWARW YDIEDIRQ EGH@H 7KLV 6/ 3 SUHARMG
UHMGXDAY WWHQ VXEWDRAMG IURP. \WH REVHYHG $* 5 \R REMIQD QHZ $* 5 WP H VHUHV Z W
FIUFXOMIRQ LQGXFHG YDUDMRQY BHP RYHG REVHYHG$* 5 6/ 3 SUHGIFWG UMMGXDO 7 KH GDVKHG EDFN @H
\V\WHQHZ BQ) \MP \WHQG ' DV SUMHDWW HOADQG \WH UGI H UHI IMWIRQ P RGHOR@XZ SDSHU/ LHWDO

1 R \KDVWKH WLJ QDCBHURG LV \WH VDP H DV 1Q P RGHY 2 ' XHWR @ LWMG UHFRBV R &2
REVHYDIRQY EHRUA KHUH Z H FDBXOW \WH QRVHDOR IQWH SHIRG 2 ’

$FFREQI® ZH DGG D SDUDIWDSK R @H

3 H WHQ \WMWKH VDP H DSSURDFK RQ REVHIYDURQV Rl $ W RVSKHUF &2 JURZ\K DM $* 5
IURP 0 DXCD/ RD / DQHWDO IRONHSHIRG ~ + P DWKIQJ WH SHIRGR
VJQDARUWH ( DUV VMP P RGHIDCDOWY ) L) 7KH7R( R \WHREVHYHGS$* 5 IV

\ HDY/ Z 1\ QRVH YDOH R J& \U DQGMVIQDOYDOHR J& \U ) $IWU
UHP RYIQ) FLUFXOMIRQ LQGXFHG YDUDMRQY WWURXJI K G QDP LEDCDGMR HOMKH 7R( R WH
DAMWG QHZ $* 5 IVUHGXFHG\R  \ HDWY Z W QRVH R J& \U DGV QDR

J& \U )LJ 7KV UHSUHVHQN DQRYHDOUHGXPMRQR DERXW  FRQUEXWMG E)
UGXPIRQIQQRVHDQG  LQRUHDVH IQ VI QDO 7 KH UHVXEOV VKRZ. \WDVWKLY DSSURDFK FDQ
EH DSS@HG LQ REVHYDURQY HQDE@ HDUMHUGHWIPMIRQ R DQXURSRI HQIE WL QDY [Q J @EDO

FDUERQ P\ F®! YDUDELDW
© H DOR DGGEHG \WH LQIRUP DURQ R DEVWDFW 0 HWRGY VHRIRQ®' DWW DQG?' Dl SUDW HQNV

,Q@H DEVWDRNIH



37 K1V DSSURDFK VXEWBIQID@ VKRWMOQY \KH GHWIPMRQ P H |RUWH J REDOQHWDIQG FDUERQ VICN

EHHQ =+ IRUWH KMRUFDCBHUIRG DQG + [RUWH IXWUH VIP XOMRQV 7 KLY
DSSURDFK-FBRHQ-SHHSBIHEH-BSSAHSMR FDQ DOR VKRUMOQ \WWH GHWMRNRQ P H [RUREVHYDMRCDO
EDVHG GOIWVHW UHGXRRQ 1Q WH SHURG WHUHE\ [P SURYIQ] RXUDELQWV \R

GHMANBQ) WP WHQGV Rl @QG FDUERQ VIQN YDUDELDW

Q@H

© H DOR IQFOGHG \WH REVHYDURQV Rl DW RVSKHUE &2 JURZ\K DM $* 5 DW0 DXQD/ RD
IURP R / DQHADO QRZ QBDGHG | RP
KWBV JP OQRDD JRY Z HEGDW FFJJ WHQGVFR  FR BJUBJ OMWVOMNDFFHWHG RQ$ X XVW
W : HXVHGP RQKO® P HDQ6/ 3 IURP WH (5%  UHDQDOWY GDMIVHW- HWEDFK HWDO
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Relative change % (Years) ~CESM2-LE ~ ACCESS-ESM1-5 CanESM5  IPSL-CM6A-LR  MPI-ESM1-2-LR

Historical 34% (9) - 39% (26) 35% (16) 36% (19)
SSP1-2.6 - 2% (2) 43% (64) 34% (29) 31% (30)
S8pP2-4.5 - - 53% (32)
SSP3-7.0 35% (15) 34% (34) 55% (19)
SSP5-8.5 - - 52% (10) 29% (42) 37% (26)

Table A.1. ToE reduction in NBP, calculated according to Eq. (4).

Relative change % (Years) CESM2-LE  ACCESS-ESM1-5 CanESM5 IPSL-CM6A-LR MPI-ESM1-2-LR

Historical 25% (2) 32% (4) 13% (1) 26% (2) 25% (2)
SSP1-2.6 - 60% (67) 34% (3) 26% (4) 38% (7)
SSP2-45 - 45% (17) 34% (2) 28% (3) 38% (4)
SSP3-7.0 21% (1) 41% (11) 41% (2) 30% (2) 36% (3)
SSP5-8.5 - 43% (9) 34% (1) 19% (1) 37% (2)

Table A.3. ToE reduction in GPP, calculated according to Eq. (4).
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$SSHOAL$)U $ $ $ $ * GEDO® MBNAVDRXQG W\ HDWY/\R G-MFW
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ERK* 33 DQG7( 5 VKRZ DVSDUWDOGHD\ IURP J@EDOFDBIR WIIRQDOFDE! ) LI F G

) RU* 33 DQG7(5 BQHUWIIRQDOYR( V DUH P RA® GXH \R U HUUHI LRQDOCRVH UDWHU
\KDQ Z HDNHUMI QDOMHQGY H FHSWQ: HW$ VD Z KHUH WY P DIQD GUYHQE\ DQ DSSDUHQW
ZHONHUMMIQDOMHQG $SSHQAL $)J $ $  $XVWDOMDIQ* 33 DQG7( 5 ERK
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7R( IRULYB * 33 DQG7( 5 XQGHUYDY Q) UHVROMRQY IQWH KMRUFDOVP XOMRQY ) RU
193 DV WH UHVROMRQ EHFRP HV FROWHU WH VSUHDG R WH 7R{ GMMEX\IRQ GHFU-DVHY
WEWBQID® )L WRXIK \KH P HADQ UHP DIQV VP LOU 7KLY P LI KVWEH GXH \RAWAXSSRIW
QRVH UHGXRIRQ B\ VSDMIDCD J UHI DUMRQ WURXI K RIVHND] IQMEDOFTP DM YDUDELDW

/ RP EDGR] ] LHWDO $ VIP I(DUSDWHD IV REVHYHGIQ* 33 DQG7(5 ZKHH

DJ.J UHJ DMRQ UHGXFHV \WWH VSUHDGV R 7R( - Z MWRXW/XEVBIQIDT® DAMUQ) \KH P HADQV
$SSHQAL $ )W $ DQG$ ’
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3, QIXWMUH VFHQDURY WMIINHV BQJ HUR GHMPWKH DQAURSRI HQE I QDAQ 1 98 ZKHQ
FRP SDUHG \R KMRUEDOVP XOMRQY 7KLY GHD\ V-@NHD P DIQD GXH R \WH P DO
DQKURSRI HQE VLI QDOFDXVHG B\ \WH FRP SHODURQ HIHAWR * 33 DQG 7( 5—BaG 7KV
PD UVXOVURP DVBZ GRZ QIQWH & WP * 33 \WHQG XQEHUZ DUP HUFTP DM DQG
IQFUDMQI &2  FRQFHQRDIRQY 1Q I X\WYUH VFHQDURY , Q DEGMRQ O HUQRVH BIYHY
$SSHQA[ $)U $  WDWP LIKWALYHQE\ P RUH IUHTXHQMNH WHP H HYHQW IQD Z DUP 1)
FOP DM $ UDV HWDO —ZIIFK DP SOLHV\ HDH\R:\ HDUYDUDURQY [Q \WH OIQG FDUERQ
VN’

: HDOR DACHG WY R \WH FRFOMRQIQ@H 3% \VWKH UHJIRQDOFD®! 7R( LV BQIHU
Z KIEK P LJKVEH GXH \R OU HUQRVH IUIRP QDVWUDCF@P DWW YDUDELDW 1Q P RANHIIRQY DV
Z HODV GHMPMG Z HDNHUM CDORHQGY



JIQH 37K DSSURDFK-FBGEH KDV EHHQ DSSTHG LQ REVHYDIRQVARHERABW DQG
VKRZ V DQ HDU® GHWIRIRQ R' DQKURSRI HQF L QDAQ J BEDAFDUERQ P\ FB! YDUDELDN



Minor comments

7 VB VKRX@ EH [WH DQKURSRI HQE WL QD
7TKDQNV Z HDGEHG3WH W \KH \IVBI

Intro

/1IQH  PKHTDW RVSKHUE &2

7KDQW ZHDGEHGAWH \R@H °  GUYHQE\ \WH ICFUDVQJ) DR RSKHUF &2 « ~ DQGDORIQ
@H 3 PDQDGUYHQE \WHIQFUHDMQI DR RVSKHIE &2 « ~

[1ICH = WLV IV GRAVGUYHQ B\ FIP DWW FKDQIH P RUH ONHO MYV GUYHQE\ SURFHWHV UHDWIG R
F@» DWW FKDQIH SGDVH EH VSHALIE KHUWH

7KDQW IRUSRIQID) RAWKY ZHUZ WM @H DV @ GUYHQE\ \WH IQFUHDMQI D RVSKHUE &2
FRQFHOADMIRQ DQG SK\ VIEDCBURFHWHV IQOHQFHG B\ FTP DM FKDQIH”

@H UHSOFHE ZIWKIWRP

: HKDYH UHSOFHGSE\ " ZIWBIRP " IQ@H  3DQG I XUMUH VFHQDURY B IRP ( D
VWP P RGHY”

JIH  + MVRGGWRKDYHD  VHQMQPH SDUDJ UDSK + LY VHQMQPH LV DOR XQFBDUFDQ\ RX
SODVH UHSKUDVH

7TKDQ\V ZHKDYH UHSKUMHGIQ@H  DVEH®Z

36I—FRQ3(D IX\MLH-IVFI—QlIR\/VKRZ G—KD)\ I—G\AJQD(I}MF\MQFHD S[lH-G\R KIMM.IFIIW—QN—@Q-JI

I A 7KNG—H]XNPD.QD®(H\RZI—D\I—UDQMRSRJI—QF
wqaoum/mmummmm@\mmmm 7 KH Z HDONHUMI QDOH BFW WH VBZ GRZ Q
R WH ICFUDMQ) QHWDIQG FDUERQ QN 1Q UHVSRQUH \R HP MRQ P 1M DIRQ”

/ICH  + UHP RYH |D@BZ VV \RTUHSOFH VKRUMQ Z M [VKRUMOVT

. HFKDQIHG@H  37KLY DSSURDFK-BEZVAR VXEMBQID® VKRIWWQY WH GHMPRQ WP H”
[ICH  + UWHSOFHRQZ W R

- HAKDQIHGIQ@H  3RXUDELOV\R GHMPNBQ) WP \WHOG-RO R OQG FDUERQMIQN
YDUDEIOW

JICH  + VKRX@ EH WP SHIDWUH DQG SUHFLSIMIMRQY
- HAKDQIHG@H  VXFK DV \WP SHIDWUH DQG SUHFAISMIMRQ

JIQH  + WHSOFHE Z W RYT



7TKDQWZHWHSOARHGIQ@H  37KHEQJ WP WHQGY R WH J BEDCFDUERQ R F®I DUH
VXSHUIP SRUHGE Z W VXEVWRQWDO, HDUE R\ HDU

JICH  + \KH SDUDJUDSK VA RQ WKLY @H LV KDUG\R SDYH |, VXJ I HAGHZ UMTY
7KDQ\V ZH UHZ URW DV EHBZ 1Q @H

7KH R WP \WHQGY RHE \WH J REDCFDUERQ P\ F®I DUH VXSHUP SRVHGEY- Z W VXEWTQIDO

\ HDUR \ HDUYDUDURQY 3 IDR HADO 7 KHVH YDUDVMRQY P RA®-AMP- RWICDWM IURP QDUDO
SURFHWHV W-BV IQFOAQ] LOMEDOFTP DM YDUDELDY—YBHBEKBY +1 FMDIRQY DFRUIRWV-RQ D
FRQIDXXP R WP H VFDBMW-XSHEMISMR-HMEDSHHHPAEDV Z HODV | URP ASHHERHY-AHRP QDMUDO
H WLLDARUAQIV VXFK DV YRBDQE HXSVRQY DQG VROUWDGADMRY ' HVHUHWDO E &DQDCHO
HWDO (\ UQJ HAWDO 0 HUFDGR HWDO =KDQJ HWDO ,QMEDOFP DM
YDUDELDV 1V RIMQHHHHHHHS MR UHI DUEHG DV IWHGXFIE®! QRVHHQ Z MKIQ \WH VI QDR Q) \MUP
|RUFHG FOP DI WHQGY ,\ABG DUVHV IURP LQMIDADW RVSKHUE G QDP IEV DQGHAOMIBRIRGY
EHEHHOWH IURP DNR\/SKI—LI!-I-LRFI—DQ\/IQMD:WQQ\/ m—um D /I—KQ—UI—MDO

RO\ Ao-YEUEEBN- SO 6XH<Y&DE@NPDQ1WNERMWMWW
zmmurmmoqewq;zz IUHTXI—QZ\ F(]PD\NSD\MIQ/ VXFK DV \WH ( QL IxRt6 RAKHD
2 VAR (162  Z KIFK-BYHNSRZOWRHESHIRHS WIRQJ O QI OHQFH J ®EDADQG FDUEERQ VN
YDUDMRQY \KURXJ K DWRFIDWG-SFBAFKDQI HV 1Q WP SHUDMUH DQG SUHFSIMMRQ”

[1ICH = FDQGUHUVXEWRQID® |URP Z KDW 3 ®DVH EH VSHALIF

. HAKDQH@H W) IWAMQMEIDORTP DM YDUDELDY FDQ QLI HUVXEEIQID® [Q YDURXY
VP XOMRQY XQGHUWH VDP H H \MDARUAQIV

/ICH + DJRRGH DP S®IR WLV IV IRXQG IQ\KLY SDSHU
KWBV _HIXVSKHUH FRSHUIEXV R SUHSUOW HIXVSKHUH

© HDGEHG WY FMMRQIQ@H 3« WDQIHR SK\ VIED® SOXVIE®! IQMEDOF@ D YDUDELDW
ORLH-RW—UIQMQITGPDHYDJDE@NNW—QMMH\RWFKRLFHDQIBGQJWH WHWYG SHURG
. XP DUMWDO ' REOV 5 H\ HV HWDO 0 DKHUHWDO

[IGH  +, Z RXG HQG KLY VHQMQFH Z W RUYIGQ) D FKD@IQIH EHFDXVH «

A.ABHBEHWKNPWNWKD@Q]LQ] \RFDS\MLH—I\M—HX(OBQ]DLFVRI LQMQJCF@DMYDLDE@N
GXH \R \WH @ WG BIQI W REVHYDIRQ UHFRGY
JIQH  + WV VHRIRQLY P MMQ) IR NH UHHHGFHY

KWBV DIXSXEV RQEHIEEWDY Z 1B\ FRP GRL * 0%
KWBV DI XSXEV ROIHIEWDY Z 16\ FRP GRL JO



https://egusphere.copernicus.org/preprints/2024/egusphere-2024-3684/
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2011gl050087

7KDQW ZHDGEHGDFFREQIO IQ@H  3%DVHG RQVXFK OUH HQMHP EBVR! ( 60 VP XOMRQYY
WH WP HR HP HUHQRH 7R FDQ EH GHWUP LQHG DV \IH P H UHTXWHG IRUDQ H \MCDO
SHWUEHG LI QDO DQKURSRI HQE FDXVHG FTP DM FKDQIH R EHFRP H ©W HUWDQ \WH DP SOXGH

R QDMUDOYDUDURQY + DZ NQV DQG 6 XWRQ | HKQHUHWDO 6 FKOQH] JHUHWDO
YRQDQ HWDO ‘

[ICH £ RGGXVHR WH Z RG (HHCT

: HHP RYHG3QHHG IQ@H  GUYHQE\ DQKURSRIHQF SHWUEDWRQAEHHS \R EH GHWMRMG
Methods

JIGH  + QWY VHRIRQ SBDVH DG \WH QXP EHUR HQVHP E®I P HP EHY/ ILRP HDFK P RGHO
7KDQW ZH DGGHGEHBZ 1Q @H

7KH P RGHY VHBRMG IQFOGHWH &( 60  /( ZM  MP XOMRQV ' DCDEDVRIG HADO

5 RGJHW HWDO DQGIRXUP RGHYIQ&0,3  (\ UQJ HWDO %AXQQHUHVDO
$&&(66 (60 ZMN WP XOMRQYY =IHKQHWDO &DQ 60 ZLK VP XOMRQ/
6 Z DWHDO 36/ &0 $ /5 ZM VP XOMRQY/ YRXFKHUHWDO DQG

03, (60 /5 ZMW VP XOMRQY 0 DXUWWHQ HWDO

/IGH +&(60 LV/SDWR &0,3

+HHZHXWH&( 60 /( GJJSM—INPZQRII—]—GILHD 1&$5 GI.LI!-FW)
i ( , , , & "~ KLY COMWVHWY D EIWALTHUIHQW
[URP SLI!-ISLR:I-I\M-G&O 3 B °/dJ(QQ—lJ WH RQIDLQF(XGI-G VP XOMRQV 1Q&0 ,3

[1ICH = WLV IV WH FRUHRWAMMRQIRUO 3, ( 60 /5 OUHHQHP EGI
KWBV DI XSXEV ROWHIEUDY Z 1B\ FRP CRLIXQ 06

7KDQW EXVWNH VP XOMRQVIUWRP 03, 03, (60 /5 DQGWHRKHMUHH&0 ,3 P RGHY
XVHG QWL VWXG. Z HIH SUWHDIMG E\ %4 XQQUHUHVDO

KWBV ] HORGR RU HFRBV © KIEK P HDQV\KH DUH SXEQAKHG EHRUAH 7KH
FMIMRQ\ RX VXJJHAMG LV IRUWH Q-Z WO 3, 03, * ( &0,3 P RGHIDGLY SXEQKHGIQ

/' 1CH + WV IVIRU&( 60 Z KDADERXWKH RIKHUP RGHY"

. HDGGHGRKHUP RGHYIQ@H 1 RMWDW&( 60 /( RQD IQFAGHV RGH IXUMUH VFHQDUR
663 DQG RKHUP RGHY LQFOGHG D@IRXUIXUMUH VFHQDURY

/ ICH + ZKDWDERXVWKH 6 6 3V

 HSDIQHG663VIQEH  ZHKDHPRMHGW@H  3,QWH IXXYUH VFHDURY Z H FDBXOWM
WH7R( IRULY8 * 33 DQG7(5 ZM\WHWQBHIRGIQ — + DQG WH QRVH SHURG 1Q
+ Z WK \KH HQVHP E®I P HDQ UHP RYHG


https://rda.ucar.edu/gsearch/dataset-search/?q=CESM2-LE+
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2023MS003790
https://zenodo.org/records/3734128

/' 1ICH + KRZ GR\RXFDBXOW 1" GR\ RX SRROKH CDW' ' R\RX\NHWH67' R HDFK
P HP EHUDQG DYHUIDIH' 3 GDVH SURYIGH WKLY GHMUO

: HDEEHGIQ@H %) RUKH FDBXOMRQR 1 Z H IWWWHBRWD@ HDLY DRIRW D@P RGHO
VP XOMRQV RYHUWH VHBIRWMG SHUIRG WHQP Il \WH CDW IURP D@ HDLY 1Q \WH VHBEIRWMG SHURG

\RJ HWHUDQG FDEXOWM \WH ABIQEDUE GHYIDIRQ

/ICH  +SGDWHDGEGZKDW 1 6 P HDQVIQWUWP VR VI QUEDQRH R \WWH HP HIHQRH
. HDOHDG H SOIQHGIQ@H  37R( (T UHSUMVHON \WH WP H QHHGHG IRUWH

DQKURSRI HQE SHYWWUEHG W.J QDOR EHFRP H O HUWDQ\KH DP SOXGH R WH QRVH 9RCDQ HWDO
TIH  +ZRXG P E JHRSRMQIDCKHI KVWEH D EHWHUSUR \ IRUFIUFXOMRQ\KDQ6/ 3"

<HV EXWHD BIYHCBUIAWXUH 6/ 3 1V SK\ VIFD@ P RUH FBVH \R OQG HFR VWP V' DQG FDQ UHBFW
\WH GUHPWI OHQFH R IQAMIDOYDUDELDN VR @QG HFR VWP V

JIQH  +\ RX IQMIKDQIH 7R TDQG MP H R GHMRIKLY 1V FRQIXVIQI SBDVH WWEN R RCH
\WUP LORBI\

- HAKDQIHGIQ@H 3 H DQDOVH WHMP-HRR-EHMAWR( Rl DQXURSRI HQE SHWUEHG WL QDO
Q198 * 33’

Results:
[ ICH + VP IOUSDWMDQV IR Z KDW (| DFK RKHU
7KDQ\WV ZHFKDQIHG\R IQ @H KK ERN VKRZ P IOUSDWGV 1Q GHWRIRQ WP H« ~

/ICH  +JUDP P DUSGDVH I MIUNHV VKRUMY

7KDQW ZHRKDQIHG\RIQ@H = %= R \
-G-MM@EDOFD(BI\M\I—N\A(RMJPH\RG—MFV@Q] \M.P \M—KINIQ)(FHGE\ [I;WLRSRJI—QF
HIHAW \WDQ DW/P DEBIUVFDBN

/ICH + SGDVH N Z MW [VXFK DA

7KDQ\V ZHFKDQ]I—G\RIQ(IIJ—|

-IQ&GRE%A:DEBI$IHZ UHJLRQ/ KRZWWRZWWR(VV@QWJ@EW)WHDPS@
IQ5XWID &DQ 60 DQG,36/ &0 $ /5 VP XOW UHDMYHD VP DOCRVH DQG VARQI HUMI QDO
WHQGY BDAQ) \R VKRWU7R( V'’

/ ICH + SODVH UHHUHQFH \WH 1L XUHV WDW RX DUH QVFXWWIQD 1Q WY VHRIRQ

7KDQW ZH DGEHG

/IGH  + UHP RYH IV DSSDUHQ®@T



4@599,4:9@1 $ IHZ LH-ULRQJ KRZI—M—U\/KRZ \/KRUIMJ?R( V\p@Q\mJ@EDo/FD(Bi ) RUI—[[PS(Bi lo)
5XWD &DQ 60 DQG,36/ &0 $ /5 VP XOW UHDWYHO VP DOQRVH DQG WRQI HUMI QDO
WHQGY BDAQ) \R VKRWWU7R( V'’

JICH  + VWKLY ABAMP HQKH + , GR GRWP DNH \WH VDP H FRQFOMRQIURP WH ) LIXUH

<RXPHQIQ6HAIRY  WHIWMBDUDIWSK @H % HH DP IQH\WH WP HVHUHV R 193
XQIEI—UY[].IRX\/IX\MLH—I\FI—QJ.IR/ILRD R )L] © KB %8 \WHOG-BHH VPBUIOWH

—G-GB—H'GRZ-VVKRZ MHGWLDBRQ/D:UR\NPRG-W

Conclusions:

/' 1CH + \ RX VKRX@ EH DEGI R TXDQM 1L WKLY IV GXH \R O HUQRIVH RUQRWURP \ RXUUHVXOV
QRWWW/SHFXOW

7 KDQW IRUH UHYIEZ HUY FRQFUAW VXJ JHIRQ + HUH Z H TXDQMHG WH FROUEXURQ RN QRVH
DQG W QDOR \WH U IRDAQFUDVHG 7R{ 1Q1 98 * 33 DQG7( 5 3 GDVH FKHAN RXUDQVZ HY
DERYH 1Q TXHIRQ

JIQH  + FDQEH GAWRWGKRZ" 7 KHUH DUH QR REVHIYDIRQV IQ\WH SDSHU

7KDQ\V Z HKDYH DGGHG WH REVHYHG UHVXGVDV) UXWH DV IV WKRZ QDERYH



$CGGCGLWERD@IHV

JICH 2 XUUHVXOVVKRZ \WDWILA® WH DQXURSRI HQIE W QDAQ WH J REDAHWDQG
FDERQVQNHP HUHVILRP R \HDWIQWHSHIRG  +  ——

JICH  23) XUKHP RH ZHIIQG\WDWBRQ WP WHQGY R GHWDQG FDUERQ VIQNRQP RW/
UHJ LRQDO/FDBN \BNH DWBDVW  \ HDY/ P RUH \R HP HUH  GXH \R O HUFRQNEXURQY
IURP LQMECDCFTP DWW YDUDELDN DQG GG Z HDN VLI DO DAVP DEIUVFDBN

/ ICH 37 KH H WAGD® SHWXUEHG W QDO GRP IQDWG B\ DQIURSRI HQF W QDO
HP HJ HV DV WH HQVHP EGI P HDQ \KDWY D GHWUP IQWIF W QDO

/ ICH S\WH WP HR HP HUHQFH 7R( FDQEH GHMUIP LQHG DV WH P H BHTXILHG
IRUDQ H \WMLDCBHWHUEHG VLI QDO P RAW® DQKURSRIHQE FDXVHG F@P DWW FKDQIH \R
EHFRP Hc ~

/ ICH 3+ HH ZHHYDODWM KRZ ®Q MWENHY IRUBQ \WMP WHQGV 1QWH J&EDO

(DII;FIIIERQ\A.Q\F SUPIIID—P—FM@G.IM—QE\ DQMURSRI HQJE SHWUEDIRQ2 \R EH

s of FBBN DAL HHQA/SDIDO/FDBN —E—HP-EME-WH 7R
IZFKLl-M—HMy ZHI—MN’DNW?R( 1Q( 60 VP XOMRQY XQEHUKMRUEDIDQG | XUMUH
VFHQDURY

$ @ AUFRXOMRQ IQGXFHG \R FUFXOMIRQ LQGXFHG

/ ICH ,QRXUP RGHOWH VHD BIYHCBUMWXUA 6/3 IIHT 1V XVHG DV D SUHARRU
R 193 YDUDEIDW DQG DV D SUR|\ RHRLFXEM DELON-SHHOIEAN
FLUFXOMRQ LQGXFHG YDUDELDV

/ ICH 3$V D UHI XOU} HG @HDUUHI LAWIRQ P HWRG UGIH UHI BAWWIRQ DABZ V IRU

IQFOGQ] IXOVSDIRMP SRIDAG QDP IEV R FILFXOMRQ YDUDMRQY Z KIBI RYHFRP 1QJ

P X@FRGHDUAY DQG RYHUMIY  Z KIFK WSIFD@® DUVHERP-BE&-WBMQ] [UIRP D OUH
QXP EHUR SUHAERRY DQG ULHDWYHO VKRWAXG SHUIRG”

/ICH 36 HEPWBLL HEEDVHG WP H VHUHV R JBEDGS/ 3 W EH XVHG OWUIRUSUHARI]
-SHHERW GEDCFDUERQ R F®! YDUDELDW

/ ICH 3 6 HOPVWH \IP H VHUHV UHSUAVHQIY) J REDADIQG FDUERQA-F®!
YDUDELDWV KHUH WLV FRUBVSRQGY \IR \WH J BEDIDQQXDAL %3 Z W WH HQWHP EGI P HDQ
UHP RYHG

© HUP RYH\WH GHIQURQR 663 VIQFH \WH GABIBIG QVFXWIRQ FDQEH IRXQGIQ,3&&
UHSRWQ @H

37 KH IXWWUH VFHQDUR MP XOMRQV DUH P RGHBIG XQGEHUGLIHUHQNG KDUHG 6 RARHFRCRP IE
3DKZDV 663V IRUNHSHIRG EDVHG RQ YDV 1QJ GIYHY' RI

KXP DQHP WG &2 DQGP MJDIRQHIRW &KHQHANDO / HH HWDO 2M1THO
HWDO -



2 WHUYDGHV DUH VI KW® FKDQIHG GXH R \WH FKDQIHV Rl QRIVH SHURG IURP
R 1Q IXWUH VFHQDURY $OR WH 7R( YDHV DUH FXWKQUD

\ HDWY

2 \KHUVP D@ UDP P DUFKDQIHV \R FOUL\ DQG VP RRI \KH VHQMQFHV



$URWD .DWDYRXWIDOLBPV-RQHY' %URYNLDQLHGOLGQIVMKZIL@IHU
%RSS %RXFRHEDGX®KEKDPEHUD®LEKULVWEDBOL&HLVKEWS +DMLPD
7 ,O\LOBRHW]MHNZDPLWD .RYHQ ' .UDVW-L®JDZ5 0 /DZUHQF®
/IHQWRQLQGV.DBRQJIJUPWDPGGIWHpIpUBD@FKLLUMLSXWUDROWVELUH
© X7 DQSLHKQ&DUERQ +FR Q FBIQBDWEWR QR 6 6 HREEVRE 3 P R G HIDQ/® K H L U
FRPSDUWW®RR@B PRGH®BVRIJHRVFLHQFHYV

KWWSV GRL FEUJ

%RQDQ/RPEDUGRJ]JLDQG@HGHUS5 7KW LJQ DRIXQYW HDQUDLOEWGWARUUHVWULD O
FDUEROQ® YL UFHY HWW KWWSV GRL RUJ DEG D

%BUXQQHDXVHU/RUHB]DQ®H\HBOHKH7+=XULSFK3 QHMW QHUDWERQY H
W H F K GIRAX® H Q W-DWQIRFEW WSV GRL RHQRGR

&DQDGHOORQWHLAUR &RVWD+ &RWGIPXQK/D &R[3 0 (OLV HHY
+HQVRQ,VKQL-DFFD&/GRYHQ /RKL®BDWSD 3LDR 5RIJHOM\DPSXQJDQL
6 =DHK®H QSLFNIHOG R ECDOJ ERQB W KAILLR JH R F K & FRLGFED¥H H G E D FQN V
&OLPRMMQJIH 7KBK\VLBEBIOHQFHERQW ULEKXRUWRBDQR X SV KoH. [ W K
$VVHVVBHGSRRMVKBOWHUJRYHBR®HRQ@\®DPRKHQ ED P E U LEYJHY HBYHWV
&DPEULSBQHWHGIGRPGHZ<RUN< 86$ KWWSV GRL RUJ

FKDSWS U

&LDBV6DEL@H%DOD%RSKS %URYNIED QDGHOIKDESDH)ULBV*DOORZD\
+HLPDQQ RQH& /HAXpU& O0\QH®L5 3LDR DQBKRUQWRDUERQBWKHU
%LRIJHRFKEFFHIEOLPRKWIMQIH 7KIBK\VLEBDIOHQFMVERQW U LEXRURQQ J
*URXSVWKHIWKVHVVBHCSRRMKBOWHUIJRYHBRE®R@WDPRKWHQJI&DPEULGJH
8QLYHBYHWMD PEULBQHWHBIGRP GHZ<RUN< 86$

KWWSV LEEEZ FK VLWH DVVHWY XSORDGYV ODMME 5 \B\DDOBKLQDO SGI

&KULVWBQUBQLQJKDEGRUGKDX¥QFHUWIMRYWFRWDWRYJ UBKRQ RPLF
JURZWMKRFHHRIVOKID WL BDDOHREFLHQFHV =
KWWSV GRL FSQIDV

&OHYHODQURVYHDQEBGK\X 0 /RFNM®JUHWPRGHDOWDW LPRVGIHE@OE KD SP D Q
+DQO%1 +

'"HVH& . QXWWERORPRPHWOKRPPXQLFRWKRRRBDWXDDODEQOLRWRH W K
$PHULFDQPDRDMOLRKDQJIH + KWWSV GRL RQFOLPDWH E

"HVH& /HKQNWBRGIHU% $XOWHOZRUWKLIH]LRL )LRWBH)UDQNLJI®QRXO
J)\IH- & +RUWRQ .D\- ( .QXWWIRYHQGXVANDDURWINMH.LQQR®
OLQRBH5DQGHUVBRUHH® 6LPSVR® DQA QO ,QVLJIKWREDUWK WHP
PRGHQLWLDO @R QEEBLWHPRETH W SWIRVSHBDWWIOH PRWHQIJH  +
KWWSV GRL RUJ

'REODV 5H\H%|UHQVSRQ$OPD]JURXRVLR *XWRZYVNL+DDUVED+DPGL
5 +HZLWWRQ@RQ 7 /DPSWHOODUDXQ6WHSKHQ@BRMWND\DEXHUUD\
IXUQHWQEXR /LOQNEQREDRHILRQDIOPRWHHQ JBXOLPRKWIHQIH 7KH
3K\VLBEBIOH QFHVER QW U LEX R R BDQR X VR KoH. [ K V H V V B H G RRMIVK H
,QWHUJRYHBR®RQ@®DPR KDHHQ ED P E U LGYIHY HB Y HWAD P E U L &Q HWH®JI G R P
DQBHZ<RUN< 86$ KWWSV GRL RUJ L3&& FKDSWHU

S



(\WUL@J*LOOIHVHFKXSMIR 0 %DULP O BOD UHLWRE OB RO O R X&MV V RX
"XUDPN- .RVDNDOF*UHJRWL® ORUJHQVWBQ&XQ +XPD@®@ IO XHRQFKH
&OLPPWMWHRZOLPRMMQJIH 7KBK\VLEBIOH QFMVERQWULEXRURBQRXS
WWR KeH. [WKVHVVBHGRRIMK BWHUJRYHBR@RQ@WDPRKMHQ BHDPEULGJH
8QLYHBYHWMD PEULBQHWHBIGRP GHZ<RUN< 86$

KWWSV GRL RUJ FKDSWS U

JULHGOLQ@JVAMHIMX DRERVSEH YR YD -RQHY' $QDY¥ /LGGLFRDWQ G XWW L
SQFHUWDRPWLHYLPHOPWRM H B MARDW EFRQOHH GED-RXW QBOLPDWH
+ KWWSV GRL R&U

+DZNLQDPQBXWWROQLPRHPHUJHRFOGLPOWIQDIORSK\VERVBDUHKWHUV
KWWSV GRL RUJ/

+HZLWWS5SREHWWV+\GH3 *UDKDP 5DH %HOF&HKU%RXUGDOOH &RSVLH
&RZDWG*XLDYD&FHKDUWLLWLGO+LUVFKLO ODGH¥ OL]JLHOIQ8/NL

1IHLQLQJBMHZ$S /| 5LRXD®R6LQKAE6WRUNHKHBOYKRUSHDQGRRG $

7KH P SDFIWH VR OWKSR Y VED G DXL G O D WLLQWRRE HZUH VX ORBKLIJK UHVROXWLRQ

YHUVRR/GOH WIILFPH. FRXSORGHBRVFLHOR\GHIOEFHORSPHQ W

KWWSV GRL RPE

-XQD S5HLFKVWHIFEZD@FB +XQWLQ&IBUWEKS$KO VWU [SFU Q HIV K
&DPSWWOOV&LDBV)ULHGOL@JVDML QFKLL-DL® . .DWR 3DSDOHSRXOWHU
% 5DGX®\5|GHQERFRUDPRQWD@MIRY) : DQX 3: HEHI =DHK®HW QEHQJ
1 &RPSHQVEZRHIMYF®VHD UORBDD@RE VLFEKDQIMWHPSHUDBWKXYBIH

+ KWWSV GRL FRQDIWXUH

/DQ; 7DQW¥ DQBKRQLQJ 7UHQIGQOREDOO\ XYHGBWHU PULRPREG$S*OREDO
ORQLWRNERUDPMHDUAXUHPKWWSBY GRL RUWI+ =+ YHUVLRQ

/HH- < ODURW-]NHDOD&DR &RUBLXQQH 3 (QJHOE UH FIKWF KH Y\ I H- &
-RQH& OD\FREBNOXWHPLLGLDPH 3DQLFMN DA SKRX )XW XD ESDAL P D W H
6FHQDULR 3% R WHGDMLGM@WH U PQ IR UP D,BLRIP RMWMHQJH 7KBK\VLFDO
6FLHQFNVERQWULEXRWURBDYR X VW KH. [ V¥ K V H V V 5 H G RRIWVK H
,QWHUJRYHBR®RQ@®DPR KDHQ R P E U LEYHY HB Y HWAD P E U L 8Q HWHEJ G R P
DQBHZRUN< 86$ KWWSV GRL RUJ SS ,3&& &KDSWHU

/L1 6LSSHOLQNGHUODKHFRD 5HLFKVO HL®GDVVWR MW W H U DIDRED®
FDUERBO® ULDWIL@WHEES PRV SKIHULDFY'DW L R B2 0WNW\W H® D P L FV
+ KWWSV GRL RHWG

/IRPEDUGR]PERQD Q% DQG\FKND: 7KHIPHUJDQWK UR SWRIHIXF
ODQG+DWPRDBERQHFRKG BIDQN XOH PRWHQIJH =+
KWWSV GRL FQFOLPDWH

ODKHIU OLOL@VEIXDUH] *XW/LHARUAPHWREU\QL QRUQE O/X HK|JHU 7DND QR
< *KRVE +HGHPD®QL& /L+ ODQ]JLQLRW] 3XWUDVDKPR\VHQ&ODXVVHQ
0 ,O\LDRORQVFKHFDNGGIIWHWH Y HQNQGD URWINAKHWD[30DQBNWLWXWH
*UDQQVH P E(@QH E OW KPS OR U RWIOR® BW MW KPULDERXIUVVRBGYDQEMA V
ORGHQDQWB\WWHPV  + KWWSV IBRWRWJI GRL RUJ 06
OHUFDGR %HOORXLLQWVEKWHRXFRHYUXQWLQ&IRWLAWG DQ&R[30 ,PSDRW
FKDQJLHILX VHID G L IRQLRI® R BD@ B UBR@INDWXUH  +

KWWSV GRL FQDIWXUH



OLOL@BVORKHU DQBORQVFKHFRIZO D UIRIHW D WH@GVHPEBHERH"(DU WK
6\VWHRDPLFV = KWWSV GRL RHYG

271HRRO THED BGYDOXX UM @ (\UL@J)ULHGOLGJIVXUHLYQ XWW.IULHJOHU
( /IDPDUTXH /RZH OHHKO$ ORVW 5LDKLDQEDQGHUWRQKHWFHQDULR
ORGHOWHUFRPSDRMWRERQDULIR®B,3 *HRVFLHORGHHDFHORSPHQW

+ KWWSV GRL RBPS

6HQHYLWBDWXDQJ $GQDIQ %DGL 'HUHF]\Q¥ MKF3 ' *KRVE ,VNDQGDU
RVVEQ/HZLY 2WWR3LQWRBDWRKILFHQWH 66 0UDBIRQKEUDQSKR %

: HDWRBBOLP WM HP/HH QMD& KD Q J&Q L P DVDHP E U LS3JIHY HBYHWAD PEUL G JH
SQLWHGIJGRPGHZ<RUN< 86$ KWWSV GRL RUJ Ss

6FKOXQHII BRGJIHUY% 6DUPLHQWRO\LDDXQQH3 7DND&R&KULVWEDQ

/JRQD & )U|OLFKMHBODWHNQLIKQHWLPRKPHUJHORHDUX®VHPEOH

,QWHUFR P BRORIFIMORR R JH R F K ALPH.@ B@R EPIOR JHR FK M FALGFHID\OH ~ * %
KWWSV IBRWSWJI GRL RUJ H *%* % * 0

YDXXUM®@ (GPRQGV.DLQXPDHWO7KH HSUH V HBRDAHIQVBIDIWK ZD @V
RYHUYRBZPBWDRBDJH KWWSV GRL RUJ ]

=KDQJ &LDBV%RXFKRHODLJQP @ DVWR¥ROO /XUWROLRY\ %HOORXLQG
/L/ '"LVHQW D QXORRDRWY W K UR SIRHHRRRYDN U U HF\DW BFRBGGHK UL Q J
+ (DUWKWXUH ()

Reply to reviewers for the manuscript egusphere-2025-1924:”Constraining the
time of emergence of anthropogenic signal in the global land carbon sink”

Na Li, Sebastian Sippel , Nora Linscheid , Miguel D. Mahecha , Markus
Reichstein , and Ana Bastos

© H\KDQNWH UHYLHZ HWY | RUWH SURGXRYH DQG FRQAKAYH FRP P HQN + HUH Z H UHS® \R \WH
FRP P HQW [Q GAVBIODQG Z H VXJ JHWKRZ \R DAMKH P DQXVFUSWDFFREQ] \R \WH
FRP P HQNV ,Q DGAMRQ EDVHG RQ\WH FRP P HQNV ZH P DGH VRP H H WD FKDQI HV 1Q \KH

P DQXVFUSWRUHDVHUUHDAQ) DQG XQGHARIQAQ)  DWHH ORI HDFK UHS®

YH®Z ZH DAAHW WH FKDQI HY DFFREQ] R \WH FRP P HOMthe line numbers in replies
are according to the new manuscript that shows changes 7KHEGH FRRUWHG THV DUH
P\ UHS@HV DQG\WH UHG Z RWBY DUH GFDMRQV FKDQIHG



&KDQIJBNFRUGLWEBWHHYLHZHU

Specific comments:

* HQHDG&.RP P HQN

7KH P DQXVFUSWH DP IQHV\WH 7IP HR! ( P HUHQFH 7R( 1Q ERW KMRUEDODQG IX\MUA
VP XOMRQV GHUYHG [URP ( DU 6\ \VWMP 0 RGHY (60 V  DQDO] 1Q) \WHUVSDIDCSDWHADY
DQG DSSOIQ) D G QDP IE DWW HQADSSURDFK R UHGXFH \WH QI OHQRH R FLLFXOMRQ
YDUDEIDW DQG \WHIHE, VKRUMQ GHWRIRQWP H 7 KH VWYG. DEGUHWHY DQ [P SRUNQARSIE
Z I\ SRWQUIDAP STFDMRQY [RUHDUD FIP DWW FKDQIH GHMPIRQ + RZ HYHU \IH P DQXVFUSW
Z RXG EHQHIWURP D FEDUHUH SODCDMRQ R \WH P HWRGY VHRIRQ DQG \WH DEAMRQR! D
GHAFDMG QVEXWIRQVHRAIRQ 6 HYHUDALI XUHV FRX@ DOR EH [P SURYHG \R HQKDQFH FOUMW
DQG IQMSUHABELDN 6 R, VXJJHWD P IQRUUHYIMRQ EH RUH WH SXETFDVRQ

- HWDQN WH UHYIHZ HUIRUWH SRVIMYH DQG FROWKRWYH HYDADWRQ

6 SHALLIE FRP P HQW
7@

7KHXVH R WH Z RG3FROMDIQQ)” 1QWH MBI P D\ EH VRP HZ KDWP MBDAQ) DV \WH

P DQXVFUSVSUP DU IRFXVHY RQH DP IQQ) WH 7IPHR ( P HUHQAH 7R( DQG GHMAIRQ
DSSURDFKHY IDIWHUWDQ ALHAV® FROMDIQQ] 7R &RQUGHUUHYIMIQI \KH \MBI IR EHWHU
UH GPVWKH FRUH FROMQADQG REMPIYHY R WH \WXG

: HWDQ\I\K(I—|LH-IYU—|ZI—UIRUSHQMJ \PM/P)QNZHFKDQ]FGWW\R-&-RQMBQQHM—HHP—HRI
A R 4N 4 XDQM 1Q) WHWP HR

I—PI—LJII—Q:HRI \M—IRJI—QFVUQJOQWJF&ERQ

0 HWRGV

JIH  7KHPHDQQI R G QOP [E QLY FRQOM WARX@ EH FOULIHG ,V IWHDWG \R
G QDP IFD® DEAYWQ) WH WP HZ IQGRZ R \KH WP HVHUHY' $ CAMRQD® \WH FRQQHAIRQ
EHE HHQ UGI H UHI UAWIRQ DQG G QDP IE DAYWR HQAY XQFODY  GRHV UGI H UHI LAWIRQ
VHYH DVD P HKRGR G QDP [E DWW HONKHU'

7KH G QDP IFDCP HDQV« UGJHLH-ULH-MARQIA/RQﬂPI—M@GHGQ]DlFDG\X\ANI-QN H
FKDQHGIQ@H 3+ HWMH ZHHP SB UGIH UHIUHWWIRQ D-ESHDMABMYANFDOBEEY
DEYMR HQARFKQTXH \R HAIP Dibke *

/ ICH 7KLV SDUDJ UDSK DSSHDLY \R RYHUDS 1Q FROMQZ WK WH RCH EHIIQQIQ) DMITH
&RQVGHUP HJIQJ RUFDUL Q) \R DYRIG UHGXQEDQR



7KDQWV IRUSRIQI] \KLY RXWZ H UHP RYH \WH SDUDJ UDSK 1Q @H

BHAIRY  7KHFDBXOMRQR VWIQDO6 DQGQRVH 1 Z RX@ EH FGDUHULL DFFRP SDQHG
B\ H STVWHTXDIRQV DQG SIRYIGHG Z K\ @HDUUHI URWWIRQ LY VXMUE®! IRUWLY SXISRVH |,V 6
FDBXOWMG DV \WH VBSH R \WH UHI LZWIRQ Rl DQQXDAP HDQ1 %8 YHWXV\ HDU $QGIV1 WH
AMRIQEDUG GHYIDWRQ DFURW DO HDWY H J + RUFRP SXWG\ HDUE\ \ HDU 7KH
CHIQURQR WH WP H Z IQERZ 1Q WLV VHRAIRQ DOR VHHP V IGFROMMQAZ WK WH HDUDHU
QAVFXWIRQ Q6 HAIRQ ) XUKHUFOULLEDWIRQ Z RX@ EH KHSIXO

© H WDQN WH UHYLHZ HUIRUKLI K@ KMQJ \KLY SRQAVKHWH Z H FOU\ WH 6 DQG1 GHIQURQIQ
VHAIRQ / ICH

S7TKHVIQDO6  UHHWY \R \WH DQXURSRI HQE SHWYUEDIRQ GUYHQ UVSRQWH Z KIEK 1V
HYHOE: WH GHDUAHES U LAWWIRQ VBSH R \WH HQVHP E®I P HDQR! \WH VIP XOMRQY IRU
HDFK P RGHO %RQDQ HWDO ) RUKH FDBXOMRQR 1 Z H IWANVHBPD@ HDLY/
DFURW D@P RGHO/P XOMRQV RYHUWH VHBIFWG SHURG WHQP I \WH DB IR DO HDLY/
LQ WH VHBIPMG SHURG \RJ HWHUDQG FDEXOWM \WH WBIQEDUS GHYIDIRY |, Q \WH KMRUEDO
VP XOMRQY \WHQRVH 1 FRUHVSRQGY VR \WH WWBQEDLE GHYIDIRQ R \WH HQWHP E®I
EHRHWH——V  V KHHLY 2 D SHURG GW/ DIHAMG E\ KXP DQ
DRRYMAV FRP SDUHG \R P RUH UHFHQWRQHY  DQG XVHG DV WH EDVHIEH |RUCDMUDO
YDUDEIOW YRQDQ HADO ‘

: HDOR DGGHG RQH SDUDIWSK H SOIQQ) Z K\ GRHDUUHI IWMRQ LV VXIMUE®! | RUWLY
SXERWH ,Q@H

3+ HUH Z H XVH D @HDUUHI UAWIRQ VBSH UDWHUKDQ D GRQEHDUDSSURDFK \R UHSUAVHOW
\WH VW QDOMHQG WH UHDVRQVDUH & DSWUQJ \WH GRP LQDQWRUAHG W QDO 7KH
HQWHP EGIP HDQR 198 * 33 DQG7( 5 UHGBFW WH IRUFHG HFRA VWP UHVSRQUH
IQFOGAQ) DQMURSRIHQE IRFIQ) VKRWSHURG QDMUDARFQIV HJ  YREDQE
HXSURQY  DQG GHFDGDAQMIDOYDUDEIDW ' HVHUHWDO E &DQDGHTHWDO

(\ UQ) HADO 0 HUFDGR HWDO =KDQJ HADO 7 KH C@HDUWHQG
FDS\WMUHV WH P RAWFRQUMMQADQKURSRI HQF LQGHQRH  Z KHUHDV QRQIHDUP HWRGY
UVN RYHUWZY DQG P IVDIRIEXUY) QDWUDCRUIQMDOYDUDELDW VR DQIMURSRI HQE
VDY HVSHAD® DWIHI LRQDOFDBN Z KHUH YDUDELONV IV OUHU VHH) UXWH$  DQG
YUXH -

JIQH  $UH \WH UHSRWMG YDOHV JBEDCP HDQV' W2 RX@ EH XVHXOR FOUL\ Z KHWHUWH
UHGXPURQ LQ GHIMAIRQ P H DSS@HY DFUIRW DOSL HY 1QWH WHG. DUHD RURQD D VXEVHW



$ CAMRD® GR\WH VDP H UHIIRQV VKRZ D UHGXPURQ DIMUDGEMVR HOWFRP SDUHG R
EHRW'

7KDQW DONH UHEXPUIRQY UHSRUWMG KHUH DUH EDVHG RQ JBEDOFDG! DV Z H FROUGHUKH \MAV
IRUUHI IRQDODQG S HY EH RQG\WH VFRSHR MV VMG ,Q@H  ZHDAEHG

3 1 RVH UHOXRIRQWURXIK G QDP IEDCDGMVAR HQA LYHQWH OU H\ HDUE\R:\ HDU
YDUDEIDV Q1 %3 Z H XVH UGIH UHI BWIRQ\R UHP RYH WH FLUPXOMRQ LQGXFHG YDUDELDV
IQJBEDAL %3 7R DWHW \KH HIHRYHQHW R 7R( - UHGXPURQ RQ D J BEDO/FDB! WURXI K
G QDP [FDCDGMWWY HQW

/1CH 3GDVHFRQWP Z KHWKHUBAHHY R \WWH RUW ICDOYR( - YDAH RUVRP H RKHU
YDOHV | MV WH 7R( YDAH \WWH VHQMCHRH FRX@ EH UHSKUDVHG IRUIP SURYHG FOUMW

395 IV \WH WHMGXDD \WMUWH FLUFXOMRQ LOGXFHG YDUDEIQOW HAIP DIMGE\ \WH UGIH
UHJ LHWWMRQ P RGHAV WHP RYHG®

395 IVWH 7R( HWIP DWG IURP  \WWH UHMIGXDOP H VHURY DIVMUUHP RYIQJ
ALUFXOMRQ LQGXFHG YDUDELDY XMIQJ WH UGIH UHI BAWMRQ P RGHO

© HWDQN WH UHYLHZ HUIRUSRIQIQ) \KLY RXW:  H XVHG WLV HTXDUIRQ R FDEXOW 7R(
UHGXPIRQ EXVWDOR IRUL UHGXAIRQ DVIVKRZQIQ7DE®I$S $  +HMHZHFOW\ EHBZ

Q@H

31 RM\KDV®, UHSUAVHON \WH RWIQDOYDOH 7R( RUL DQG9, IVWH 7R( RUL
HP DWG IURP \WH RU QDO HVHUHY 1 %3 RU* 33 UHGXED\WUUHP RYIQ) \WH
FILFXOMRQ LQGXFHG YDUDELDY HAP DIMG B\ XMIQJ \WH UGI H U LWIRQ P RGHAY
YPRHG

5 HVXW

BHAIRY WP LIKVWEH P RUH HIHRYH \R VKRZ \WH IXWUH 7R( UVXOV FXUHO® 1Q
VXSSOP HQBY DV \KH P DIQ [LIXUH IRUWLY VHAIRQ JLYHQ\KDV6 HAIRQ  SUP DUD
QAVAXWHV 7R ,QFOAQI VXK D ILIXUH FRX@ EHWHUVXSSRWAWH QDUIDMYH DQG
FROFOMRQV

7KDQW : HDGEHG) UXWH$ +HDWPDSR 7R QGRVH DQGVIQDAR 198 XQGHUIXUMUAH

VFHQDURY XSDVQHZ ) UXWH 1 RW WDWZ H FKDQJ HG \WH QRVH SHURG IURP \R
VR \WH YDOHV IQQHZ ) LIXUH  DUH VDI K\V® GLIHHQW

(A) ToE (B) N s

CESM2-LE - 4.1 - 0.2 25

ACCESS-ESM1-5 - 74 7.6 7.5 8 . - 01 0.1 0.1 2.0

5
§ - 106 10.9 11.8 114 ‘TE - 01 0.4 0.7 157
L
40 30L”
5}

IPSL-CMBA-LR - 6.6 748 7.2 6.2 - 0.2 0.1 1.0

CanESM5

9C-m=2.yr2

MPI-ESM1-2-LR - 83 8 7.9 7.8 - 02 0.2 -0.5

' ' ' ' ' ' i ' ' '
SSP1-2.6 SSP2-4.5 SSP3-7.0 SSP5-8.5 SSP1-2.6 SSP2-4.5 SSP3-7.0 SSP5-8.5 SSP1-2.6 SSP2-4.5 SSP3-7.0 SSP5-8.5



YJUXWH +HDWDSR 7R QRVH 1 DQGMIQDO6 R 198 XQEHUIXWUH VFHQDURY

) LIXUH & QULEDIRQY

) UXH W2 RX@ EH KHSIXOR IGFGGH D G HQG RUILI XUH FDSURQ FOULEDURQ | RUWH @QHV
VKRZ Q ,QAFDIY \WH P HDQQJ R \WH @HV XQW XVHG IRU7R(  DQG VSDIDAHVROMRQ
Z RX@ HQKDQFH \WH 1L XUHIV IQMSUHDELDN

7KDQWV IRUSRIQIDI RXWZ H [P SIRYHG) LIXWH DV EHBZ DQG DOR FOULIHG GHBIY 1Q \WH
FDSURQ

800 A
CESM2-LE
ACCESS-ESM1-5
CanESM5
IPSL-CM6A-LR
MPI-ESM1-2-LR

700 A

600 -

(S
o
o

ToE (Years)
Sy
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o

w

o

o
1

200 A

100 A

5°x 5° 10° x 10° 20° x 20° 30° x 30° 45° x 45° 60° x 60° Global
Resolution

YLIXWH 6 SDIDCHIHAWQ 1 %8 KMRUFDOLP XOMRQV DFIRW ILYH ( 60 OUH

HQWHP EBV 7 KH GMMEXUIRQR! 7R( \ HDLY DIWU B IV VKRZ QIRUYDU QI
VSDIDAHVROMRQY 7 KH @QH Z MIQ HDFK ER LQGFDWV \WH P HADQ 1 R \KDVWD@#HH
WLJ QDO DUH LQ DEVRGWM YDOHV VR \WH FDBXOWG 7R DUH DOSRVMYH

Y UXUWH 7 KH G HQG DQG FRBUVFKHP H DUH VRP HZ KDWALIEXOWR [QMSUHWE ROGHU
XVIQJ D P RUH IQMWH G-MI@ HJ  VRES ER HV IRUWH RU IQDOIP H VHUHY DQG KDWKHG
RUSDWHDHG ER[ HV IRUKH UMGXDY

7KDQW IRUVXIJHW) WLV ZHIP SRYHGWH) UXWH  QHZ ) UXWH 1 RMWDWZ H
FKDQI HG \WH QRVH SHURG [RP R DQG DOR RQD IQFOIGHG 7R( V
ZLMK YDOHBWWDQ — \ HDW 7KH VP IDUSGWRU* 33 DOR FKDQIHG DFFREQIO
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YUXH 7R R19%38 IWRP KMRUFDOAP XOMRQVY \R IXWUH VFHDURY 1 RM \WWDWR( 1Q

KMRUEDOVP XOMRQV IV FDEXOWG Z W I CDCBHURG RI * UHOMYH W \WH CRVH
SHIRGRI + DG 7R 1Q IXMYUH VFHQDURY LV FDEXOMWG Z W VI QDCBHURG R
* UHOMYH R \WH QRWVH SHUIRG R + G SBDVH FKHFN 6 HRFW

7 KHEHANFRBYHS VRIS ER) HV BHSUHVHOMWKH 7R RI 198 Z KIGH WH-SHBHERYIQI-EBINHU

WBeHcEBRNBRPHS KDIWKHG ER] HV UHSUHVHOMAKH 7R( R WH 1 938 UHVIGKDOYZ W \WH

FLUFXOMRQ LQGXFHG YDUDELDY UHP RYHG ,Q FDVHV Z KHUH ERW ER[ HV DUH P MQ) WH
UHVSHRYHAP-XEMIRE Z EV-CRABYBIKBE®H L QDAY QRADYDIDE®! QR VI QUIEDQRH Rl @HDU
WHQGVBSH RUWH 7R( VDUH BQIHOKDQ  \ HDW

* UDP P DUWSR HURY/

/ IGH SALFXOMRY :  3& IUFXOMRY
7KDQW IQ@H  ZHFKDQIHG\R 3&FILFXOMRQ LQGXFHG YDUDELDN
IV +  3GDVHUHYIVHIRUIWDP P DU

7TKDQ\V Z H KDYH FRUHRARMG 1Q T H

STKHNA WMSV IQFAGH 6 ISSHOHWDO

Dv

/ LHWDO 6 HBIPRY SI[ HOEDVHG

\P HVHUHV R JGEDGB/ 3 R SUHAPW GEDOFDUERQ F\ FB! YDUDELOW—AHUH-WHHXD
JIBEBAERPBI) 7 KHQ FDBXOW WH P HDQVHDVRQDG / 3 -646RH Y4-HFDXVH' -)

DQXDAL 93 -eWBAe-SePvHHH-NVHH-HHWBO—— VHH/ LHWDO
G\WY HKHHAHYHERNV HXWH' -) 6/ 3 1QWILY WG

" HAHP EH—BxBy—B6+) HEXXDY 6/ 3 KBV SURNGHV WH KL KHWSUHARREIQY R
IRU
6 HOPR) \WH WP H VHURV

ARUHSUAVHONHSUHVHQIZ J GEDCFDUERQ F\ F®! YDUDELMW-BVABHHAYEUBES! KHUH
KLY FRUHVSRQGY R \KH J BREDADQOXDAL %3 Z W \WH HQVHP EGI P HDQ UHP RYHG
7WDIQQ) DQG\MAIDY 6 SO WH CDBVHNQR WDIQIQ) DQG WA JURXSV KHUH-ZH
VHOFYWH [IIAKDGSHIRG Rl \WH COWIVHABHRBISIEF-FHRXS [V XVHG [RUDIQQ)
JHRXS DG WH VHFRQG KDOBV-WH | RUMMIL -HHRXS *



IV = DG 7KHVHVHOMQRHY FRQEIQ JUDP P DWFDAMXHV DQG VKRX@ EH
UHYIVHG | RUFDUM

A

JIH % HSHURP IRXUADMAFDCDQDOVHY  7R( 1Q OQG FDUERQ O] HV IURP
KMRUFDOAP XOMRQY : H DQDO] H \WH 7R( WP-+HIR-EHMPR \WH DQXURSRI HQE
SHWUEHGVIQDAN1 %8 * 33 DQG7( 5 1QWH KMRIEDOP XOMRQY

/ICH 3 6SDIDCHIHFAWRQ7R(- : HH DPIQHKRZ WH 7R( YDUHV JBED® DQG
DFRWWH  5( &&$3  UHIIRQV-$SMREB® ,Q DEAMRQ Z H HYDODWM \IMHHE-SBFW
IQOHQFH R VSDIDAHVROMRQRQ7R( @ H FDBXOWHE—FBE*EME) SIf HOEDVHG 7R(
YDOHV DAYBHRXY P XUIBG VSDWOMDBN DQIIQ) IR fi1 fWR fi f DQG
FRP SDUHFRR-SBME \WHVH Z 1\ \KH J REDOVFD®!

s AAGRW: 3 QMIGRW

7KDQW Z H FKDQJHG DFFREQIO 1Q @H



$CGGCGLWERD@IHV

JICH 2 XUUHVXOVVKRZ \WDWILA® WH DQXURSRI HQIE W QDAQ WH J REDAHWDQG
FDERQVQNHP HUHVILRP R \HDWIQWHSHIRG  +  ——

JICH %) XUKHP RH ZHIIQG\WDWBRQ \WMP WHQGY R GHWDQG FDUERQ VIQNRQP RW/
UHJ LRQDO/FDBN \BNH DWBDVW  \ HDY/ P RUH \R HP HUH  GXH \R O HUFRQNEXURQY
IURP LQMECDCFTP DWW YDUDELDN DQG GG Z HDN VLI QDO DAVP DEIUVFDBN

/ ICH 37 KH H WAGD® SHWXUEHG W QDO GRP IQDWG B\ DQIURSRI HQF W QDO
HP HJ HV DV WH HQVHP EGI P HDQ \KDWY D GHWUP IQWIF W QDO

/ ICH S\WH WP HR HP HUHQFH 7R( FDQEH GHMUP LQHG DV WH P H BHTXILHG
IRUDQ H \WLDCBHWHUEHG VLI QDO P RW® DQKURSRIHQE FDXVHG F@P DWW FKDQIH \R
EHFRP Hc ~

/ ICH 3+ HH ZHHYDODWM KRZ ®Q MWENHY IRUBQ \WMP WHQGV 1QWH J&EDO

(D(I%FIlIERQVLQ\P SUPIIID—P—FM@G.IM—QE\ DQMURSRIHQE SHWWUEDIRQ2 \R EH

s of FBBN DAL HHQA/SDIDO/FDBN —E—HAP-EME-WH 7R
IZFKLl-M—HMy ZHI—MN’DNW?R( 1Q( 60 VP XOMRQY XQEHUKMRUEDIDQG | XUMUH
VFHQDURY

$ @ AUFRXOMRQ IQGXFHG \R FUFXOMIRQ LQGXFHG

/ ICH ,QRXUP RGHOWH VHD GIYHCBUMWXUA 6/3 IIHT 1V XVHG DV D SUHARRU
R 193 YDUDEIDW DQG DV D SUR|\ RHRLFXEM DEION-SHHOIEA
FLUFXOMRQ LQGXFHG YDUDELDV

/ ICH 3$V D UHI XOU} HG @HDUUHI LAWIRQ P HWRG UGIH UHI BAWWIRQ DABZ V IRU

IQFOGQ] IXOVSDIRMP SRIDAG QDP IEV R FILFXOMRQ YDUDMRQY Z KIBI RYHFRP 1QJ

P XOFR@HDUAY DQG RYHUMIY  Z KIFK WSIFD@ DUVHERP-BE&-WBMQ] [UIRP D OUH
QXP EHUR SUBHARRY DQG ULHDWYHO VKRWAXG SHIRG”

/ICH 36 HEPWBIL HEEDVHG WP H VHUHV R JGEDGS/ 3 W EH XVHG OWUIRUSUHARI]
-SHHERW GEDCFDUERQ R F®! YDUDELDW

/ ICH 3 6 HOPVWH \IP H VHUHV UHSUAVHQIY) J REDADIQG FDUERQA-F®!
YDUDELDV KHUH WLV FRUBVSRQGY \IR \WH J BEDIDQQXDAL %3 Z W WH HQWHP EGI P HDQ
UHP RYHG

© HUP RYH\WH GHIQURQR 663 VIQFH \WH GABIBIG QVFXWIRQ FDQEH IRXQGQ ,3&&
UHSRWQ @H

37 KH IXWWUH VFHQDUR MP XOMRQV DUH P RGHBIG XQGEHUGLIHUHQNG KDUHG 6 RARHFRCRP IE
3DKZDV 663V IRUNHSHIRG EDVHG RQ YDV 1QJ GIYHY' RI

KXP DQHP WG &2 DQGP MJDIRQHIRW &KHQHANDO / HH HWDO 2M1THO
HWDO -



2 WHUYDGHV DUH VI KW® FKDQIHG GXH R \WH FKDQIHV Rl QRIVH SHURG IURP
R 1Q IXWUH VFHQDURY $OR WH 7R( YDHV DUH FXWKQUD

\ HDWY

2 \KHUVP D@ UDP P DUFKDQIHV \R FOUL\ DQG VP RRI \KH VHQMQFHV









