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/2`Bp2/ b2� B+2 /`B7ib �M/ �M�Hvx2/ i`�MbM�iBQM�H B+2 i`�MbTQ`i �M/ +?�M;2 7`QK i?2 v2�`bRRN

T`2 iQ TQbi@kyyyX �M 2t+HmbBp2 2+QMQKB+ xQM2 Bb � b2� xQM2 Qp2` r?B+? � bi�i2 ?�b bT2+B�HRky

`B;?ib `2;�`/BM; i?2 2tTHQ`�iBQM �M/ mb2 Q7 K�`BM2 `2bQm`+2b- BM+Hm/BM; 2M2`;v T`Q/m+iBQMXRkR

11wb 2ti2M/ kyy M�miB+�H KBH2b 7`QK i?2 +Q�biHBM2- �b T`2b+`B#2/ #v i?2 lMBi2/ L�iBQMbRkk

*QMp2MiBQM QM i?2 G�r Q7 i?2 a2� ULQ`/[mBbi- kyRRVX h?2`2 �`2 }p2 �`+iB+ HBiiQ`�H bi�i2b,Rkj

*�M�/�- i?2 lMBi2/ ai�i2b- _mbbB�- LQ`r�v UBM+Hm/BM; i?2 ap�H#�`/ �`+?BT2H�;Q �M/ i?2 C�MRk9

J�v2M BbH�M/V �M/ .2MK�`F U:`22MH�M/VX q2 �HbQ +QMbB/2` A+2H�M/ �b T�`i Q7 Qm` �M�HvbBbRk8

bBM+2 Bi `2+2Bp2b b2� B+2 2tTQ`i2/ 7`QK i?2 �`+iB+ P+2�M i?`Qm;? 6`�K ai`�BiX q2 /2}M2Rke

i?2 *2Mi`�H �`+iB+ U*LhV �b i?2 `2;BQM BM i?2 KB//H2 Q7 i?2 �`+iB+ P+2�M Qp2` r?B+? MQRkd

+QmMi`v ?�b 2t+HmbBp2 2+QMQKB+ `B;?ibXRk3

6B;m`2 RX J�T Q7 i?2 2t+HmbBp2 2+QMQKB+ xQM2b U11wbV Q7 i?2 �`+iB+ #�b2/ QM i?2 /2}MBiBQM

7`QK i?2 lMBi2/ L�iBQMb *QMp2MiBQM QM i?2 G�r Q7 i?2 a2� ULQ`/[mBbi- kyRRV, *�M�/� (Tm`TH2)-

i?2 lMBi2/ ai�i2b (/�`F #Hm2)- _mbbB� (HB;?i #Hm2)- LQ`r�v (im`[mQBb2)- A+2H�M/ (;`22M) �M/ :`22MH�M/

(Q`�M;2)X h?2 `2;BQM BM i?2 KB//H2 Q7 i?2 �`+iB+ P+2�M i?�i Bb MQi BM+Hm/2/ rBi?BM �M 11w Bb

`272``2/ iQ �b i?2 *2Mi`�H �`+iB+ U*LhV 7Q` i?2 +QMi2ti Q7 i?Bb bim/vX
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k J2i?Q/bRkN

kXR *QKKmMBiv 1�`i? avbi2K JQ/2H U*1aJVRjy

h?2 *1aJR Bb � bi�i2@Q7@i?2@�`i ;HQ#�H 1�`i? avbi2K JQ/2H +?�`�+i2`Bx2/ #v � MQKBM�HRjR

R◦ ?Q`BxQMi�H `2bQHmiBQM BM �HH +QKTQM2Mib U>m``2HH 2i �HX- kyRjVX h?Bb p2`bBQM Q7 i?2 *1aJRjk

?�b #22M rB/2Hv mb2/ 7Q` �`+iB+ b2� B+2 bim/B2b �M/ ;2M2`�HHv T2`7Q`Kb r2HH BM +�Tim`BM; i?2Rjj

�`+iB+ K2�M b2� B+2 bi�i2- i`2M/ �M/ p�`B�#BHBiv U2X;X "�`M?�`i 2i �HX- kyRec .2_2T2MiB;MvRj9

2i �HX- kyRec 1M;H�M/ 2i �HX- kyRNc C�?M 2i �HX- kyRec G�#2 2i �HX- kyR3c aKBi? � C�?M-Rj8

kyRNc ar�`i 2i �HX- kyR8VX �Hi?Qm;? i?Bb bim/v QMHv mb2b � bBM;H2 1�`i? avbi2K JQ/2H-Rje

Bi mb2b irQ 2Mb2K#H2b 7`QK i?�i KQ/2H- �HHQrBM; 7Q` �M �bb2bbK2Mi Q7 b+2M�`BQ /Bz2`2M+2bRjd

r?BH2 +QMbB/2`BM; BMi2`M�H p�`B�#BHBiv mM+2`i�BMiB2bX 6m`i?2`KQ`2- � ;QQ/ `2T`2b2Mi�iBQM Q7Rj3

T`2b2Mi@/�v b2� B+2 T`QT2`iB2b ?�b #22M b?QrM iQ #2 +`BiB+�H 7Q` 7mim`2 T`QD2+iBQMb Q7 bmKK2`RjN

b2� B+2 +QM/BiBQMb UJ�bbQMM2i 2i �HX- kyRkV- K�FBM; i?2 *1aJ �M 2t+2HH2Mi +?QB+2 7Q` i?BbR9y

ivT2 Q7 �M�HvbBbX LQi2 ?Qr2p2` i?�i `2bmHib T`2b2Mi2/ ?2`2 �`2 +HQb2Hv iB2/ iQ i?2 bBKmH�i2/R9R

�iKQbT?2`B+ +B`+mH�iBQM `2bTQMb2 iQ 7mim`2 +HBK�i2 7Q`+BM; BM i?2 �`+iB+- bQK2i?BM; i?�iR9k

p�`B2b �+`Qbb +HBK�i2 KQ/2Hb �M/ Bb biBHH �M �+iBp2 �`2� Q7 `2b2�`+? U"m/BFQp�- kyyNc w�TT�R9j

2i �HX- kyR3VXR99

hQ BMp2biB;�i2 i?2 BKT�+i Q7 /Bz2`2Mi 7mim`2 2KBbbBQMb b+2M�`BQb QM i?2 T`QD2+iBQMb Q7 B+2R98

2t+?�M;2 #2ir22M i?2 /Bz2`2Mi 11wb Q7 i?2 �`+iB+- r2 mb2 irQ 2Mb2K#H2b Q7 i?2 7mHHv@+QmTH2/R9e

+HBK�i2 bBKmH�iBQMb 7`QK i?2 *1aJRX h?2 *1aJ G�`;2 1Mb2K#H2 U*1aJ@G1c E�v 2i �HX-R9d

kyR8V BM+Hm/2b 9y BM/BpB/m�H 2Mb2K#H2 K2K#2`b i?�i /Bz2` QMHv #v `QmM/@Qz H2p2H /Bz2`2M+2bR93

BM i?2 BMBiB�H �B` i2KT2`�im`2 }2H/ UQ`/2` Q7 10−14 EVX h?2b2 H�`;2 2Mb2K#H2 bBKmH�iBQMbR9N

7QHHQr i?2 ?BbiQ`B+�H 7Q`+BM; 7`QK RNky iQ kyy8 �M/ i?2 #mbBM2bb@�b@mbm�H _2T`2b2Mi�iBp2R8y

*QM+2Mi`�iBQM S�i?r�v 3X8 U_*S3X8c CQM2b 2i �HX- kyRjV 2KBbbBQMb b+2M�`BQ 7`QK kyye iQR8R

kRyy U6B;m`2 k�-#VX q2 �HbQ mb2 i?2 *1aJ 2Mb2K#H2 bBKmH�iBQMb 7QHHQrBM; i?2 k◦* i�`;2iR8k

HQr r�`KBM; b+2M�`BQ U*1aJ@Gqc a�M/2`bQM 2i �HX- kyRdVX h?2b2 k◦* i�`;2i HQr r�`KBM;R8j

bBKmH�iBQMb- �HQM; rBi? bBKBH�` 2tT2`BK2Mib mbBM; � i�`;2i Q7 RX8◦* �M/ �M Qp2`b?QQi b+2M�`BQR89

i?�i i2KTQ`�`BHv 2t+22/b RX8◦*- r2`2 /2bB;M2/ iQ BM7Q`K �bb2bbK2Mi Q7 BKT�+ib �i RX8 �M/R88

k◦* �#Qp2 T`2@BM/mbi`B�H H2p2Hb 7QHHQrBM; i?2 S�`Bb AMi2`;Qp2`MK2Mi�H S�M2H QM *HBK�i2R8e

*?�M;2 UAS**V �;`22K2Mi Q7 .2+2K#2` kyR8 Ua�M/2`bQM 2i �HX- kyRdc lL6***- kyR8VX h?2R8d

bBKmH�iBQMb �`2 #`�M+?2/ 7`QK i?2 }`bi RR 2Mb2K#H2 K2K#2`b UyyR@yRRV Q7 i?2 *1aJ@G1 BMR83

kyye- �7i2` r?B+? i?2v 7QHHQr �M 2KBbbBQMb b+2M�`BQ /2bB;M2/ bQ i?�i i?2 KmHiB@v2�` ;HQ#�HR8N

K2�M i2KT2`�im`2b M2p2` 2t+22/ k◦* �#Qp2 T`2@BM/mbi`B�H H2p2Hb U6B;m`2 k/VX 1KBbbBQMbRey
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6B;m`2 kX hBK2 2pQHmiBQM Q7 U�V i?2 iQi�H *Pk 2KBbbBQMb BM :i*fv`- U#V i?2 �iKQbT?2`B+ *Pk

+QM+2Mi`�iBQM BM TTK- U+V i?2 a2Ti2K#2` �`+iB+ b2� B+2 2ti2Mi BM KBHHBQM FK2 7Q` �HH 2Mb2K#H2

K2K#2`b rBi? i?2 i?`2b?QH/ 7Q` � M2�`Hv B+2@7`22 �`+iB+ b?QrM #v i?2 ;`2v /�b?2/ HBM2- U/V i?2 ky@

v2�` `mMMBM; K2�M �MMm�H@K2�M ;HQ#�H i2KT2`�im`2 �MQK�HB2b 7Q` �HH 2Mb2K#H2 K2K#2`b U`2H�iBp2

iQ T`2@BM/mbi`B�H H2p2Hb- i�F2M �b R38yĜRNky ?2`2V �M/ U2V i?2 ky@v2�` `mMMBM; K2�M �MMm�H@K2�M

�`+iB+ i2KT2`�im`2 �MQK�HB2b 7Q` �HH 2Mb2K#H2 K2K#2`bX �HH T�M2Hb +Qp2` i?2 ?BbiQ`B+�H T2`BQ/

Q7 i?2 *1aJ@G1 (#H�+F)- i?2 7mim`2 _*S3X8 b+2M�`BQ Q7 i?2 *1aJ@G1 (#Hm2) �M/ i?2 7mim`2 HQr

r�`KBM; b+2M�`BQ Q7 i?2 *1aJ@Gq (Q`�M;2)X LQi2 i?2 /Bz2`2Mi `�M;2 Q7 i?2 v@�tBb 7Q` U/V i?2 ;HQ#�H

i2KT2`�im`2 �MQK�HB2b �M/ U2V i?2 �`+iB+ i2KT2`�im`2 �MQK�HB2bX h?2 ;`2v b?�/2/ �`2�b ?B;?HB;?i

i?2 i?`22 /Bz2`2Mi iBK2 T2`BQ/b Qm` �M�HvbBb 7Q+mb2b QMX U�/�Ti2/ 7`QK 6B;m`2 aXR Q7 C�?M- kyR3VX

7QHHQr i?2 _*S3X8 b+2M�`BQ 7`QK kyye iQ kyRd- �7i2` r?B+? i?2v bi�`i /2+HBMBM; `�TB/HvReR

U6B;m`2 k�V- bm+? i?�i 2KBbbBQMb BM ky9k �`2 ?�H7 Q7 i?2 kyRd H2p2Hb Ua�M/2`bQM 2i �HX- kyRdVXRek

h?Bb HQr r�`KBM; b+2M�`BQ `2[mB`2b � M2;�iBp2 2KBbbBQMb T?�b2 BM Q`/2` iQ bi�v #2HQr i?2Rej

k◦* r�`KBM; i�`;2i- rBi? +QK#BM2/ 7QbbBH 7m2H �M/ H�M/ mb2 +�`#QM 2KBbbBQMb +`QbbBM; M2iRe9

x2`Q BM kyd3 U6B;m`2 k�VX LQi2 i?�i r2 i�F2 i?2 K2�M Q7 2�+? 2Mb2K#H2 iQ `2T`2b2Mi i?2Re8

KQ/2H `2bTQMb2 iQ `�/B�iBp2 7Q`+BM;- �M/ i?2 bT`2�/ �#Qmi i?2 K2�M iQ `2T`2b2Mi i?2 BMi2`M�HRee

p�`B�#BHBiv rBi?BM 2�+? b+2M�`BQ 2Mb2K#H2XRed
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6`QK �HH 2Mb2K#H2 bBKmH�iBQMb- r2 mb2 i?2 u �M/ v +QKTQM2Mib Q7 i?2 b2� B+2 p2HQ+BivRe3

}2H/ �b r2HH �b b2� B+2 +QM+2Mi`�iBQM UaiceV- �i � KQMi?Hv iBK2 `2bQHmiBQMX 1�+? p�`B�#H2ReN

Bb BMi2`TQH�i2/ QMiQ i?2 k8 FK 1[m�H@�`2� a+�H�#H2 1�`i? :`B/ U1�a1@:`B/c "`Q/xBF 2iRdy

�HX- kyRkV BM Q`/2` iQ +QMb2`p2 b2� B+2 �`2� /m`BM; i?2 i`�+FBM; T`Q+2bb Ub22 b2+iBQM kXkRdR

7Q` KQ`2 /2i�BHb QM i?2 B+2 i`�+FBM; bvbi2KVX q?BH2 i?2 *1aJ@G1 �HbQ T`QpB/2b b2� B+2Rdk

+QM+2Mi`�iBQM �i � /�BHv iBK2 `2bQHmiBQM 7Q` i?2 2MiB`2 H2M;i? Q7 i?2 bBKmH�iBQM- i?2 u �M/Rdj

v +QKTQM2Mib Q7 i?2 b2� B+2 p2HQ+Biv }2H/ �`2 QMHv �p�BH�#H2 �i � e@?Qm`Hv iBK2 `2bQHmiBQMRd9

7Q` i?`22 T2`BQ/b p�`vBM; 7`QK Ry iQ R8 v2�`b #2ir22M RNky �M/ kRyyX AM �//BiBQM- i?2Rd8

*1aJ@Gq QMHv T`QpB/2b i?2b2 p�`B�#H2b �p�BH�#H2 �i � KQMi?Hv `2bQHmiBQM- r?B+? /Q2b MQiRde

�HHQr 7Q` �M �M�HvbBb �i � ?B;?2` i2KTQ`�H `2bQHmiBQM 7Q` i?Bb b+2M�`BQX h?2 2z2+i Q7 i?2 iBK2Rdd

`2bQHmiBQM QM Qm` �M�HvbBb ?�b #22M i2bi2/ #v +QKT�`BM; r22FHv �M/ KQMi?Hv �p2`�;2b 7Q`Rd3

i?2 *1aJ@G1- �M/ i?2 `2bmHib b?Qr MQ K�DQ` +?�M;2 iQ i?2 +QM+HmbBQMb T`2b2Mi2/ ?2`2 Ub22RdN

6B;m`2b aR �M/ ak BM i?2 bmTTQ`iBM; BM7Q`K�iBQM 7Q` KQ`2 /2i�BHbVXR3y

AM i?Bb bim/v- i?2 *1aJ �M�HvbBb Bb b2T�`�i2/ BMiQ i?`22 iBK2 T2`BQ/b Q7 ky v2�`b-R3R

b2T�`�i2/ 2[m�HHv 7`QK i?2 2M/ Q7 i?2 kyi? +2Mim`v iQ i?2 2M/ Q7 i?2 kRbi +2Mim`v, URV RN3RR3k

iQ kyyy- UkV kyjR iQ ky8y �M/ UjV ky3R iQ kRyyX 1�+? T2`BQ/ +�Tim`2b � /Bz2`2Mi `2;BK2 Q7R3j

i?2 i`�MbBiBQM iQr�`/ � b2�bQM�HHv B+2@7`22 �`+iB+ Ub22 6B;m`2b k+ �M/ j 7Q` +QMi2tiV- �HHQrBM;R39

mb iQ �bb2bb i?2 T`QD2+i2/ 2pQHmiBQM Q7 b2� B+2 2t+?�M;2,R38

RN3RĜkyyy _2T`2b2Mi�iBp2 Q7 i?2 bi�i2 Q7 i?2 �`+iB+ �i i?2 2M/ Q7 i?2 kyi? +2Mim`v- #27Q`2R3e

i?2 bi�`i Q7 i?2 Q#b2`p2/ b2`B2b Q7 `2+Q`/ HQr KBMBK� BM a2Ti2K#2` b2� B+2 2ti2Mi Q7R3d

mM/2` bBt KBHHBQM FK2 U+�M #2 +QKT�`2/ iQ i?2 T`2@kyyy T2`BQ/ mb2/ BM L2riQM 2iR33

�HX- kyRdVcR3N

kyjRĜky8y _2T`2b2Mi�iBp2 Q7 � i?BM �M/ /vM�KB+ B+2 T�+F- KQbiHv +QMbBbiBM; Q7 }`bi@v2�`RNy

B+2 2t+2Ti 7Q` i?2 `2;BQM MQ`i? Q7 :`22MH�M/ �M/ i?2 *�M�/B�M �`+iB+ �`+?BT2H�;QRNR

U6B;m`2 j#-+VcRNk

ky3RĜkRyy _2T`2b2Mi�iBp2 Q7 � 7mHHv b2�bQM�H B+2 +Qp2` 7Q` i?2 *1aJ@G1- rBi? � M2�`HvRNj

B+2@7`22 �`+iB+ Qp2` i?`22 iQ }p2 KQMi?b 7Q` �HH 9y 2Mb2K#H2 K2K#2`b U6B;m`2 k+V-RN9

�M/ M2�`Hv B+2@7`22 bmKK2`b 7Q` � K�tBKmK Q7 QM2 KQMi? 2p2`v 72r v2�`b 7Q` i?2RN8

*1aJ@Gq /m2 iQ H2bb b2� B+2 HQbb UC�?M- kyR3VXRNe

AM Q`/2` iQ T`QpB/2 �M �bb2bbK2Mi Q7 i?2 T2`7Q`K�M+2 Q7 i?2 *1aJ BM bBKmH�iBM; b2�RNd

B+2 i`�MbTQ`i #2ir22M 11wb- r2 �HbQ �M�Hvx2 i?2 *1aJ@G1 Qp2` i?2 ky@v2�` T2`BQ/ #2ir22MRN3

RN3N �M/ kyy3 �M/ +QKT�`2 Bi rBi? Q#b2`p�iBQM�H /�i� Ub2+iBQM ak BM i?2 bmTTQ`iBM; BM7Q`@RNN
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(a)

(e)(d)

(c)(b)

CESM-LE

CESM-LE CESM-LW

CESM-LE CESM-LW

6B;m`2 jX �p2`�;2 a2Ti2K#2` b2� B+2 +QM+2Mi`�iBQM 7Q` i?2 *1aJ@G1 Qp2` i?2 T2`BQ/ Q7 U�V

RN3RĜkyyy �b r2HH �b 7Q` U#-/V i?2 *1aJ@G1 �M/ U+-2V i?2 *1aJ@Gq Qp2` i?2 T2`BQ/b Q7 U#-+V

kyjRĜky8y �M/ U/-2V ky3RĜkRyyX h?2 #Q`/2`b Q7 i?2 11wb �`2 BM/B+�i2/ #v `2/ HBM2bX h?2 +v�M HBM2

b?Qrb i?2 R8W b2� B+2 +QM+2Mi`�iBQM +QMiQm`X

K�iBQMVX h?Bb T2`BQ/ Bb bHB;?iHv b?B7i2/ +QKT�`2/ iQ i?2 }`bi T2`BQ/ Q7 i?2 *1aJ �M�HvbBbkyy

/m2 iQ � HQr #B�b BM b�i2HHBi2@/2`Bp2/ /`B7i p2+iQ`b T`BQ` iQ RN3N Ub2+iBQM aR BM i?2 bmTTQ`iBM;kyR

BM7Q`K�iBQMVX q2 mb2 /�i� 7`QK i?2 L�iBQM�H aMQr �M/ A+2 .�i� *2Mi2`Ƕb ULaA.*V SQH�`kyk

S�i?}M/2` T`QD2+i Uhb+?m/B 2i �HX- kyReV �M/ i?2 L�iBQM�H P+2�MB+ �M/ �iKQbT?2`B+ �/@kyj

KBMBbi`�iBQM ULP��VfLaA.* *HBK�i2 .�i� _2+Q`/ UJ2B2` 2i �HX- kyRdc S2M; 2i �HX- kyRjVXky9

q2 }M/ i?�i i?2 2t+?�M;2 Q7 i`�MbM�iBQM�H B+2 #2ir22M i?2 /Bz2`2Mi 11wb Q7 i?2 �`+iB+ky8

bBKmH�i2/ #v i?2 *1aJ@G1 Qp2` i?2 T2`BQ/ Q7 RN3NĜkyy3 Bb BM ;QQ/ ;2M2`�H �;`22K2Mikye

rBi? Q#b2`p�iBQMbX h?2 bK�HH /Bz2`2M+2b #2ir22M i?2 *1aJ@G1 �M/ Q#b2`p�iBQMb +�M #2kyd

�ii`B#mi2/ iQ � #B�b BM i?2 bBKmH�i2/ �iKQbT?2`B+ +B`+mH�iBQM Qp2` i?2 �`+iB+ /m`BM; i?2ky3

B+2@+Qp2`2/ b2�bQM �M/ i?2 `2bmHiBM; b2� B+2 +B`+mH�iBQM �MQK�HB2b Ub22 b2+iBQM ak 7Q` KQ`2kyN

/2i�BHbVXkRy
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kXk a2� A+2 h`�+FBM; liBHBiv UaAhlVkRR

q2 mb2 � G�;`�M;B�M �TT`Q�+? iQ #2ii2` mM/2`bi�M/ i?2 TQi2MiB�H +QMM2+iBQMb #2ir22MkRk

i?2 �`+iB+ bi�i2b i?`Qm;? i?2 b2� B+2 i?2v 2t+?�M;2X hQ i?�i 2M/- r2 mb2 � G�;`�M;B�MkRj

i`�+FBM; bQ7ir�`2 +�HH2/ i?2 a2� A+2 h`�+FBM; liBHBiv UaAhl- ?iiT,ffB+2KQiBQMXH�#bXMbB/+kR9

XQ`;faAhlfV- 7Q`K2`Hv FMQrM �b i?2 G�;`�M;B�M A+2 h`�+FBM; avbi2K UGAhac .2_2T2MiB;MvkR8

2i �HX- kyRec qBHHB�Kb 2i �HX- kyRec "`mM2ii2 2i �HX- kyRNV- i?�i i`�+Fb B+2 ~Q2b 7`QK i?2B`kRe

7Q`K�iBQM HQ+�iBQM iQ r?2`2 i?2v mHiBK�i2Hv K2HiX h?Bb Q|BM2 �TT`Q�+? iQ G�;`�M;B�MkRd

KQ/2HBM; mb2b b�p2/ QmiTmi 7`QK T`22tBbiBM; `mMb Q7 i?2 KQ/2H �M/ `2[mB`2b bB;MB}+�MiHvkR3

H2bb +QKTmi�iBQM�H `2bQm`+2b +QKT�`2/ iQ i?2 i`�MbTQ`i Q7 QMHBM2 i`�+2`bX aAhl �HHQrb mb iQkRN

Q#i�BM � [m�MiBi�iBp2 �bb2bbK2Mi Q7 i?2 2pQHmiBQM Q7 B+2 KQiBQM #v HQQFBM; �i i?2 2t+?�M;2kky

Q7 b2� B+2 #2ir22M i?2 11wb Q7 /Bz2`2Mi �`+iB+ bi�i2b �M/ ?Qr i?2b2 T�ii2`Mb �`2 T`2/B+i2/kkR

iQ +?�M;2 BM i?2 7mim`2X h?Bb bQ7ir�`2 ?�b #22M bm++2bb7mHHv mb2/ iQ i`�+F B+2 ~Q2b 7Q`r�`/kkk

Q` #�+Fr�`/ BM iBK2 U.2_2T2MiB;Mv 2i �HX- kyRec L2riQM 2i �HX- kyRdc qBHHB�Kb 2i �HX- kyReVkkj

�M/ Bb #�b2/ QM � bBKBH�` �TT`Q�+? i?�i ?�b #22M rB/2Hv mb2/ iQ i`�+F B+2 �;2 Qp2` b2p2`�Hkk9

v2�`b U6QrH2` 2i �HX- kyy9c J�bH�MBF 2i �HX- kyydc S}`K�M 2i �HX- kyy9c _B;Q` � q�HH�+2-kk8

kyy9VXkke

AM i?2 T`2b2Mi �M�HvbBb- aAhl Bb mb2/ iQ i`�+F B+2 �`2�X h?Bb `2[mB`2b �HH Q7 i?2 QmiTmikkd

p�`B�#H2b iQ #2 BMi2`TQH�i2/ iQ �M 2[m�H@�`2� ;`B/ 7Q` i?2 �`2� iQ #2 +QMb2`p2/ /m`BM; i?2kk3

i`�+FBM; T`Q+2bbX LQi2 i?�i i?Bb K2i?Q/ /Q2b MQi �BK iQ 7mHHv +�Tim`2 b2� B+2 T?vbB+b-kkN

�b Bi /Q2b MQi i`�+F B+2 pQHmK2 �M/ mb2b /�i� �i � k8 FK `2bQHmiBQMX LQM2i?2H2bb- i`�+FBM;kjy

BM/2T2M/2Mi T�`+2Hb Q7 B+2 �`2� T`QpB/2b bQK2 BM7Q`K�iBQM QM i?2 2z2+i Q7 b2� B+2 +QMp2`;2M+2-kjR

�b aAhl �HHQrb 7Q` KmHiBTH2 i`�+F2/ B+2 T�`+2Hb iQ bi�+F mT BM i?2 +�b2 Q7 +QMp2`;2Mi ~QrX h?Bbkjk

�TT`QtBK�i2b � `Bb2 BM B+2 i?B+FM2bb i?`Qm;? `B/;BM; #v BM+`2�bBM; i?2 MmK#2` Q7 i`�+F2/kjj

�`2�H T�`+2Hb Q7 B+2 Qp2` � bT2+B}+ HQ+�iBQMX 6Q` i?Bb bim/v- r2 �M�Hvx2 i`�MbM�iBQM�H B+2kj9

2t+?�M;2 BM i2`Kb Q7 �`2�H ~mt `�i?2` i?�M i?2 �`2�H ~mt /BpB/2/ #v i?2 �`2� +Qp2`2/ #vkj8

2�+? 11w- �b i?Bb Bb KQ`2 `2T`2b2Mi�iBp2 Q7 i?2 TQi2MiB�H `BbF 7Q` B+2@`�7i2/ +QMi�KBM�Mikje

i`�MbTQ`iXkjd

6B`bi- 7Q` 2p2`v KQMi? +QMbB/2`2/ rBi?BM i?2 �M�HvbBb- i?2 HQ+�iBQM Q7 M2rHv 7Q`K2/ B+2kj3

~Q2b Bb B/2MiB}2/X � M2rHv B+2@+Qp2`2/ ;`B/ +2HH +�M 2Bi?2` #2 i?2 T`Q/m+i Q7 B+2 7Q`K�iBQMkjN

U7`22xBM;V Q` �/p2+iBQM Q7 B+2 7`QK � M2�`#v HQ+�iBQMX AM Q`/2` iQ /BbbQ+B�i2 i?2 i?2`KQ/v@k9y

M�KB+ bB;M�H 7`QK i?2 /vM�KB+ bB;M�H- r2 b2H2+i �HH ;`B/ TQBMib �HQM; i?2 B+2 2/;2 U/2}M2/k9R

�b i?2 R8W B+2 +QM+2Mi`�iBQM +QMiQm`V- i`�+F i?2K 7Q`r�`/ BM iBK2 7Q` QM2 KQMi? mbBM; i?2k9k

ĜRyĜ
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b2� B+2 p2HQ+Biv �i 2�+? ;`B/ TQBMi �HQM; i?2 B+2 2/;2- �M/ +QKT�`2 i?2 `2bmHi rBi? i?2 b2�k9j

B+2 2/;2 Q7 i?2 7QHHQrBM; KQMi?X 1p2`v ;`B/ +2HH QmibB/2 Q7 i?2 i`�+F2/ B+2 2/;2 i?�i r�b MQik99

+Qp2`2/ #v B+2 BMBiB�HHv #mi Bb B+2 +Qp2`2/ i?2 7QHHQrBM; KQMi? Bb i?2M +QMbB/2`2/ � M2r B+2k98

T�`+2H U`272``2/ iQ ?2`2�7i2` �b �M B+2 7Q`K�iBQM 2p2MiVX L2ti- �HH B+2 7Q`K�iBQM 2p2Mib �`2k9e

72/ iQ aAhl- r?B+? �/p2+ib 2�+? M2rHv 7Q`K2/ B+2 T�`+2H 7Q`r�`/ BM iBK2 rBi? � KQMi?Hvk9d

`2bQHmiBQM mMiBH Bi mHiBK�i2Hv K2Hib- +`2�iBM; � `2+Q`/ Q7 B+2 i`�+FbX �M B+2 T�`+2H Bb +QMbB/@k93

2`2/ iQ ?�p2 K2Hi2/ r?2M Bi Bb �/p2+i2/ iQ � HQ+�iBQM i?�i Bb B+2 7`22 r?2M +QKT�`2/ rBi?k9N

i?2 B+2 +QM+2Mi`�iBQM }2H/ Q7 i?�i KQMi?X J2Hi U�M/ 7Q`K�iBQM 2tTH�BM2/ �#Qp2V Bb /2}M2/k8y

mbBM; � b2� B+2 +QM+2Mi`�iBQM i?`2b?QH/ Q7 R8WX h?2 i`�MbBiBQM #2ir22M B+2 �M/ QT2M r�i2`k8R

Bb mbm�HHv �#`mTi �M/ Qm` `2bmHib b?Qr MQ b2MbBiBpBiv iQ i?2 2t�+i +?QB+2 Q7 +mi@Qz p�Hm2 UMQik8k

b?QrMVXk8j

lbBM; iBK2@�p2`�;2/ p2HQ+BiB2b UKQMi?Hv �p2`�;2b BM i?2 +�b2 Q7 i?2 �M�HvbBb T`2b2Mi2/k89

?2`2V +�M `2bmHi BM ~Q2b #2BM; �/p2+i2/ Qp2` H�M/ U2Bi?2` �M BbH�M/ Q` i?2 +QMiBM2MiV #v aAhlk88

BMbi2�/ Q7 TBHBM; mT �HQM; i?2 +Q�biX hQ �pQB/ mM`2�HBbiB+ HQbb Q7 B+2 ~Q2b Qp2` H�M/ rBi?BMk8e

aAhl- r2 KQp2 i?2 �z2+i2/ T�`+2Hb #�+F iQ i?2 H�bi Q+2�M ;`B/ +2HH i?2v +`Qbb2/ T`BQ` iQk8d

`2�+?BM; H�M/- 7QHHQrBM; � HBM2�` i`�D2+iQ`v #2ir22M i?2B` BMBiB�H TQbBiBQM �M/ i?2B` TQbBiBQMk83

�7i2` QM2 iBK2 bi2TX h?2b2 T�`+2Hb +QMiBMm2 iQ #2 i`�+F2/ MQ`K�HHv- bm#D2+i iQ i?2 /vM�KB+bk8N

Q7 i?2B` M2r HQ+�iBQM �b B7 i?2v ?�/ bBKTHv TBH2/ mT �HQM; i?2 +Q�biXkey

AM r?�i 7QHHQrb- r2 �M�Hvx2 r?�i r2 `272` iQ �b ǳi`�MbM�iBQM�HǴ b2� B+2- B+2 i?�i H2�p2bkeR

i?2 11w BM r?B+? Bi 7Q`K2/- �b /BbiBM;mBb?2/ 7`QK ǳ/QK2biB+Ǵ B+2 i?�i K2Hib BM i?2 b�K2 11wkek

r?2`2 Bi 7Q`K2/X q2 �HbQ `272` iQ i?2 7`�+iBQM Q7 i`�MbM�iBQM�H B+2 2t+?�M;2- /2}M2/ �b i?2kej

`�iBQ Q7 i?2 �`2�H ~mt Q7 i`�MbM�iBQM�H b2� B+2 iQ i?2 iQi�H �`2�H ~mt Q7 b2� B+2- i`�MbM�iBQM�Hke9

�M/ /QK2biB+ +QK#BM2/Xke8

j _2bmHibkee

jXR AM+`2�b2 BM h`�MbM�iBQM�H A+2 1t+?�M;2ked

Pp2` i?2 H�bi ky v2�`b Q7 i?2 kyi? +2Mim`v- _mbbB� /QKBM�i2b BM i2`Kb Q7 7Q`K�iBQM Q7ke3

i`�MbM�iBQM�H B+2 Ud9X3W Q7 i?2 iQi�H �`2�H ~mt Q7 i`�MbM�iBQM�H B+2 Q`B;BM�i2b 7`QK _mbbB�VkeN

�M/ i?2 K�DQ`Biv Q7 i`�MbM�iBQM�H _mbbB�M B+2 ;2ib 2tTQ`i2/ iQ LQ`r�v U6B;m`2 9�V- BM ;2M2`�Hkdy

�;`22K2Mi rBi? Q#b2`p�iBQMb Ub22 b2+iBQM ak BM i?2 bmTTQ`iBM; BM7Q`K�iBQM Q` L2riQM 2i �HX-kdR

kyRdVX lbBM; aAhl- r2 }M/ �M BM+`2�b2 BM i?2 �`2� Q7 B+2 7Q`K2/ 2�+? v2�` 7`QK RX9 KBHHBQMkdk

FK2fv` BM RN3RĜkyyy 7Q` i?2 *1aJ@G1 iQ #2ir22M 9Xe �M/ 8Xj KBHHBQM FK2fv` BM kyjRĜky8ykdj
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(a) CESM-LE: 1981-2000

(b) CESM-LE: 2031-2050 (c) CESM-LW: 2031-2050

(d) CESM-LE: 2081-2100 (e) CESM-LW: 2081-2100

6B;m`2 9X �MMm�H K2�M �p2`�;2 �`2�H ~mt Q7 i`�MbM�iBQM�H B+2 7Q` i?2 *1aJ@G1 Qp2` i?2 T2`BQ/

Q7 RN3RĜkyyy (iQT @ U�V) �M/ 7Q` i?2 *1aJ@G1 (H27i @ U#-/V) �M/ i?2 *1aJ@Gq (`B;?i @ U+-2V) Qp2`

i?2 T2`BQ/b Q7 kyjRĜky8y (KB//H2 @ U#-+V) �M/ ky3RĜkRyy (#QiiQK @ U/-2V)X h?2 ?2B;?i Q7 2�+? +QHQ`2/

TQ`iBQM rBi?BM QM2 #�` `2T`2b2Mib i?2 �MMm�H K2�M �`2�H ~mt Q7 B+2 #2ir22M i?2 11w Q7 7Q`K�iBQM

Ut@�tBbV �M/ i?2 11w Q7 K2Hi U+QHQ`VX LQi2 i?�i /QK2biB+ B+2 Bb MQi BM+Hm/2/ BM i?Bb };m`2 BM Q`/2`

iQ 7Q+mb QM i?2 72�im`2b Q7 i`�MbM�iBQM�H B+2 2t+?�M;2X h?2 �p2`�;2 �KQmMi Q7 B+2 �`2� 2t+?�M;2/

#2ir22M �HH 11wb- BM+Hm/BM; /QK2biB+ B+2- 7Q` #Qi? 2tT2`BK2Mib �b r2HH �b � bi�iBbiB+�H �bb2bbK2Mi

Q7 i?2 T�i?r�vb i?�i �`2 bB;MB}+�MiHv /Bz2`2Mi #2ir22M i?2 *1aJ@G1 �M/ i?2 *1aJ@Gq +�M #2

7QmM/ BM h�#H2b aR �M/ ak BM i?2 bmTTQ`iBM; BM7Q`K�iBQMX

7Q` i?2 *1aJ@Gq �M/ i?2 *1aJ@G1- `2bT2+iBp2HvX h?Bb H�`;2 BM+`2�b2 BM B+2 7Q`K�iBQMkd9

Bb �++QKT�MB2/ #v �M BM+`2�b2 BM i?2 �KQmMi Q7 i`�MbM�iBQM�H B+2 2t+?�M;2/ #2ir22M i?2kd8

ĜRkĜ
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/Bz2`2Mi 11wb #v KB/@+2Mim`vX AM 7�+i- i?2 iQi�H �p2`�;2 �`2�H ~mt Q7 i`�MbM�iBQM�H B+2 BMkde

i?2 �`+iB+ BM+`2�b2b #v k8kW 7Q` i?2 *1aJ@G1 �M/ ky9W 7Q` i?2 *1aJ@Gq #2ir22M i?2kdd

T2`BQ/b Q7 RN3RĜkyyy �M/ kyjRĜky8y U6B;m`2 9#-+VXkd3

h?2 K�BM `2�bQM 7Q` i?Bb H�`;2 BM+`2�b2 BM i`�MbM�iBQM�H B+2 ~mt 7`QK RN3RĜkyyy iQ kyjRĜkdN

ky8y Bb i?2 TQH2r�`/ 2tT�MbBQM Q7 i?2 b2�bQM�H B+2 xQM2 UaAwV- /2}M2/ �b i?2 �`2� #2ir22Mk3y

i?2 KBMBKmK �M/ K�tBKmK b2� B+2 2ti2Mib- /m2 iQ � +QMiBMm2/ `Bb2 BM bBKmH�i2/ �`+iB+k3R

i2KT2`�im`2b U6B;m`2 k2VX "v KB/@+2Mim`v- mM/2` #Qi? b+2M�`BQb- i?2 �`2� Q7 �MMm�H b2� B+2k3k

7Q`K�iBQM 2tT�M/b 7`QK i?2 T2`BT?2`�H b2�b iQ �HKQbi i?2 2MiB`2 �`+iB+ P+2�M U6B;m`2 8�@7VXk3j

Pp2` i?2 T2`BQ/ Q7 kyjRĜky8y- i?2 bT�iB�H /Bz2`2M+2b BM B+2 7Q`K�iBQM #2ir22M i?2 *1aJ@k39

G1 �M/ i?2 *1aJ@Gq �`2 bK�HH U6B;m`2 8+@7V- rBi? bHB;?iHv KQ`2 2ti2MbBp2 B+2 7Q`K�iBQMk38

Qp2` i?2 *2Mi`�H �`+iB+ 7Q` i?2 *1aJ@G1 BM i?2 7�HH /m2 iQ HQr2` �p2`�;2 a2Ti2K#2` b2�k3e

B+2 2ti2Mi U6B;m`2b k+ �M/ j#-+VX "v KB/@+2Mim`v- QMHv i?2 `2;BQM MQ`i? Q7 :`22MH�M/ �M/k3d

i?2 *�M�/B�M �`+iB+ �`+?BT2H�;Q bm`pBp2b i?2 bmKK2` K2Hi U6B;m`2 e+@7V �M/ Bb `2HB�#Hv B+2k33

+Qp2`2/ BM a2Ti2K#2` U6B;m`2 j#-+VX h?2 BM+`2�b2 BM i?2 �`2� Q7 i?2 aAw #v kyjRĜky8y �HHQrbk3N

7Q` KQ`2 B+2 iQ #2 7Q`K2/ 2�+? v2�` �M/ iQ K2Hi BM � /Bz2`2Mi 11w i?�M i?2 QM2 r?2`2 BikNy

BMBiB�HHv 7Q`K2/XkNR

�MQi?2` F2v 72�im`2 Q7 i?2 7mim`2 T`QD2+iBQMb Q7 b2� B+2 i`�MbTQ`i Bb i?�i #v KB/@+2Mim`v-kNk

_mbbB� �M/ i?2 *2Mi`�H �`+iB+ bi`QM;Hv /QKBM�i2 i?2 2t+?�M;2 Q7 i`�MbM�iBQM�H B+2 BM i?2kNj

�`+iB+X h?2 �`2�H ~mt Q7 i`�MbM�iBQM�H B+2 Q`B;BM�iBM; 7`QK _mbbB� /Qm#H2b #v KB/@+2Mim`v-kN9

�M/ 7Q` i?2 *2Mi`�H �`+iB+ Bi BM+`2�b2b 7`QK H2bb i?�M Rj i?Qmb�M/ FK2fv` iQ Dmbi #2HQr QM2kN8

KBHHBQM FK2fv` 7Q` i?2 *1aJ@G1 U6B;m`2 9�-#VX h?2 BM+`2�b2 BM _mbbB�M i`�MbM�iBQM�H B+2 BbkNe

T`2/B+i2/ iQ Q++m` �b i?2 r?QH2 �`2� Q7 i?2 _mbbB�M 11w #2+QK2b � bQm`+2 �M/ � bBMF Q7 b2�kNd

B+2 BM kyjRĜky8y U6B;m`2b 8+-2 �M/ e+-2V- r?2`2�b 7Q`K�iBQM �M/ K2Hi Bb HBKBi2/ iQ Bib +Q�bi�HkN3

`2;BQMb BM RN3RĜkyyy U6B;m`2b 8� �M/ e�VX h?Bb H�`;2` �`2� Q7 b2� B+2 HQbb BM i?2 bmKK2`kNN

KQMi?b +QmH/ TQi2MiB�HHv T`QKQi2 2+QMQKB+ �+iBpBiB2b BM i?2 _mbbB�M 11w �M/ BM+`2�b2 i?2jyy

`BbF Q7 B+2@`�7i2/ +QMi�KBM�Mi i`�MbTQ`i UL2riQM 2i �HX- kyRec S}`K�M 2i �HX- RNN8VX �b 7Q`jyR

i?2 *2Mi`�H �`+iB+- Bi �++QmMib 7Q` jdXkW Q7 i?2 iQi�H 7Q`K�iBQM Q7 i`�MbM�iBQM�H B+2 �`2�jyk

BM kyjRĜky8y 7Q` i?2 *1aJ@G1 U6B;m`2 9#V- mT 7`QK H2bb i?�M kW BM RN3RĜkyyy U6B;m`2jyj

9�VX AM �//BiBQM iQ #2+QKBM; �M BKTQ`i�Mi bQm`+2 `2;BQM 7Q` i`�MbM�iBQM�H B+2- i?2 *2Mi`�Hjy9

�`+iB+ �HbQ #2+QK2b �M BKTQ`i�Mi bBMF- rBi? i?2 T2`+2Mi�;2 Q7 i`�MbM�iBQM�H B+2 K2HiBM;jy8

BM i?Bb `2;BQM BM+`2�bBM; 7`QK RXRW BM RN3RĜkyyy iQ kRX3W BM kyjRĜky8y 7Q` i?2 *1aJ@G1jye

U6B;m`2 9�-#VX h?Bb +�M #2 T�`iHv 2tTH�BM2/ #v i?2 7�+i i?�i B+2 7Q`K�iBQMfK2Hi Bb T`2b2Mijyd

Qp2` KQbi Q7 i?2 *2Mi`�H �`+iB+ #v KB/@+2Mim`v U6B;m`2b 8+-2 �M/ e+-2V- r?2`2�b i?2`2 Bbjy3
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Fall (SON) Winter (DJF) Fall (SON) Winter (DJF)
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(j)(i)(h)(g)

(f)(e)(d)(c)

(a) (b)

CESM-LE CESM-LW

6B;m`2 8X �p2`�;2 MmK#2` Q7 B+2 7Q`K�iBQM 2p2Mib T2` v2�` BM 7�HH UaPLV �M/ rBMi2` U.C6V 7Q`

i?2 *1aJ@G1 Qp2` i?2 T2`BQ/ Q7 RN3RĜkyyy (iQT @ U�-#V) �M/ 7Q` i?2 *1aJ@G1 (H27i @ U+-/-;-?V)

�M/ i?2 *1aJ@Gq (`B;?i @ U2-7-B-DV) Qp2` i?2 T2`BQ/b Q7 kyjRĜky8y (KB//H2 @ U+@7V) �M/ ky3RĜkRyy

(#QiiQK @ U;@DV)X PMHv ;`B/ +2HHb i?�i �`2 B+2 +Qp2`2/ 7Q` �i H2�bi QM2 KQMi? /m`BM; i?2 bT2+B}2/

b2�bQM �M/ iBK2 T2`BQ/ �M/ 7Q` � H2�bi QM2 2Mb2K#H2 K2K#2` �`2 +QHQ`2/X h?2 #Q`/2`b Q7 i?2 11wb

�`2 BM/B+�i2/ #v `2/ HBM2bX PMHv B+2 ~Q2b i?�i 7Q`K2/ �M/ K2Hi2/ #2ir22M i?2 bT2+B}2/ iBK2 T2`BQ/b

�`2 +QMbB/2`2/X

HBiiH2 iQ MQ B+2 7Q`K�iBQMfK2Hi Qp2` i?�i `2;BQM BM RN3RĜkyyy U6B;m`2b 8� �M/ e�VX h?2 H�`;2jyN

+QMi`B#miBQM Q7 _mbbB� �M/ i?2 *2Mi`�H �`+iB+ iQ i?2 2t+?�M;2 Q7 i`�MbM�iBQM�H B+2 Bb MQijRy

bm`T`BbBM; +QMbB/2`BM; i?2 bm`7�+2 �`2� +Qp2`2/ #v i?2b2 irQ 11wbX LQi2 ?Qr2p2` i?�i Bi BbjRR

i?2 iQi�H �`2�H ~mt Q7 i`�MbM�iBQM�H B+2- MQi i?2 ~mt T2` mMBi �`2�- i?�i #2bi `2T`2b2Mi i?2jRk

2ti2Mi Q7 TQi2MiB�H B+2@`�7i2/ +QMi�KBM�Mi i`�MbTQ`i UL2riQM 2i �HX- kyRdVXjRj

jXk AKT�+i Q7 i?2 6mim`2 1KBbbBQMb a+2M�`BQjR9

h?2 /Bz2`2M+2 BM i?2 `2bTQMb2 Q7 b2� B+2 i`�MbTQ`i iQ i?2 irQ 7mim`2 2KBbbBQMb b+2M�`BQbjR8

#2+QK2b KQ`2 �TT�`2Mi iQr�`/ i?2 2M/ Q7 i?2 kRbi +2Mim`vX Pp2` i?2 H�bi ky v2�`b Q7jRe
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Summer (JJA) Fall (SON) Summer (JJA) Fall (SON)

20
31

-2
05

0
20

81
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10
0

Summer (JJA) Fall (SON)

19
81

-2
00

0

(j)(i)(h)(g)

(f)(e)(d)(c)

(a) (b)

CESM-LE CESM-LW

6B;m`2 eX �b BM 6B;m`2 8- #mi 7Q` i?2 �p2`�;2 MmK#2` Q7 B+2 K2Hi 2p2Mib T2` v2�` BM bmKK2`

UCC�V �M/ 7�HH UaPLVX

i?2 kyi? +2Mim`v- B+2 7Q`K�iBQM �M/ K2Hi T2�F BM P+iQ#2` �M/ �m;mbi- `2bT2+iBp2Hv U6B;m`2jRd

d�-#VX h?2`2 Bb � H�`;2 BM+`2�b2 BM i?2 iQi�H �MMm�H �KQmMi Q7 �`2�H B+2 7Q`K�iBQM �M/ K2Hi #vjR3

kyjRĜky8y- rBi? i?2 T2�F BM B+2 7Q`K�iBQM b?B7iBM; 7`QK P+iQ#2` iQ LQp2K#2` 7Q` #Qi? 7mim`2jRN

2KBbbBQMb b+2M�`BQb U6B;m`2 d+-/VX G�`;2 /Bz2`2M+2b BM i?2 2Mb2K#H2 K2�M B+2 7Q`K�iBQM �M/jky

K2Hi #2ir22M i?2 *1aJ@G1 �M/ i?2 *1aJ@Gq �`2 T`QD2+i2/ #v ky3RĜkRyyX h?2 2Mb2K#H2jkR

K2�M `2T`2b2Mib i?2 #2bi 2biBK�i2 Q7 i?2 7Q`+2/ `2bTQMb2 iQ i?2 7mim`2 2KBbbBQMb b+2M�`BQ-jkk

r?BH2 i?2 bT`2�/ �#Qmi i?2 K2�M Bb mb2/ iQ �bb2bb i?2 +QM}/2M+2 Q7 i?�i 7Q`+2/ `2bTQMb2jkj

#�b2/ QM i?2 BMi2`M�H p�`B�#BHBiv Q7 i?2 +HBK�i2 bvbi2KX h?2 2Mb2K#H2 K2�M Q7 i?2 *1aJ@jk9

G1 ?�b B+2 7Q`K�iBQM �M/ K2Hi T2�F BM C�Mm�`v �M/ CmHv `2bT2+iBp2Hv #v i?2 2M/ Q7 i?2jk8

+2Mim`v- +QKT�`2/ iQ LQp2K#2` �M/ �m;mbi 7Q` i?2 *1aJ@Gq U6B;m`2 d2-7V- Km+? KQ`2jke

bBKBH�` iQ T`2b2Mi@/�v +QM/BiBQMbX AM �//BiBQM- i?2 �MMm�H +v+H2b Q7 B+2 7Q`K�iBQM �M/ K2Hijkd

7Q` i?2 *1aJ@G1 �M/ i?2 *1aJ@Gq �`2 bi�iBbiB+�HHv /Bz2`2Mi �i i?2 N8W +QM}/2M+2 H2p2Hjk3

BM ky3RĜkRyy /m`BM; �HH KQMi?b Q7 i?2 ;`QrBM; �M/ K2HiBM; b2�bQMb- `2bT2+iBp2HvX *QKT�`2/jkN

iQ i?2 T2`BQ/ Q7 RN3RĜkyyy- i?2 H2M;i? Q7 i?2 B+2@+Qp2`2/ b2�bQM U/2}M2/ ?2`2 �b i?2 MmK#2`jjy
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(a) 1981-2000 (b) 1981-2000

(c) 2031-2050 (d) 2031-2050

(e) 2081-2100 (f) 2081-2100

6B;m`2 dX �MMm�H +v+H2 Q7 �`2�H B+2 7Q`K�iBQM (H27i) �M/ K2Hi (`B;?i) 7Q` i?2 T2`BQ/b Q7 RN3RĜkyyy

U�-#V- kyjRĜky8y U+-/V �M/ ky3RĜkRyy U2-7V BM i?2 *1aJ@G1 (#Hm2) �M/ i?2 *1aJ@Gq (Q`�M;2)X

h?2 2``Q` #�`b b?Qr i?2 N8W +QM}/2M+2 BMi2`p�Hb Q7 i?2 ky@v2�` �p2`�;2/ B+2 7Q`K�iBQMfK2Hi �`2�

7Q` 2�+? KQMi? �+`Qbb i?2 9y 2Mb2K#H2 K2K#2`b Q7 i?2 *1aJ@G1 �M/ i?2 RR 2Mb2K#H2 K2K#2`b

Q7 i?2 *1aJ@GqX PMHv B+2 ~Q2b i?�i 7Q`K2/ �M/ K2Hi2/ #2ir22M i?2 bT2+B}2/ iBK2 T2`BQ/b �`2

+QMbB/2`2/X

Q7 KQMi?b 7`QK i?2 T2�F BM B+2 7Q`K�iBQM iQ i?2 T2�F BM B+2 K2HiV Bb T`2/B+i2/ iQ /2+`2�b2jjR

#v QM2 KQMi? 7Q` i?2 *1aJ@Gq �M/ 7Qm` KQMi?b 7Q` i?2 *1aJ@G1 #v ky3RĜkRyy r?2Mjjk

HQQFBM; �i i?2 7Q`+2/ bB;M�HX "v i?2 2M/ Q7 i?2 kRbi +2Mim`v- 2�`HB2` B+2 7Q`K�iBQM �b r2HH �bjjj

H�i2` K2Hi BM i?2 *1aJ@Gq ;Bp2b KQ`2 iBK2 7Q` B+2 ~Q2b iQ i`�MbBi i?2 �`+iB+ #27Q`2 i?2jj9

bi�`i Q7 i?2 K2Hi b2�bQM +QKT�`2/ iQ i?2 *1aJ@G1- r?B+? ?�b � b?Q`i2` B+2@+Qp2`2/ b2�bQMXjj8

AM im`M- HQM;2` i`�p2H iBK2b �HHQr 7Q` H�`;2` i`�p2H2/ /Bbi�M+2b- T`QKQiBM; i`�MbM�iBQM�H B+2jje

2t+?�M;2 BM i?2 *1aJ@Gq +QKT�`2/ iQ i?2 *1aJ@G1X LQi2 i?�i i?2 �MMm�H 7Q`K�iBQMjjd

ĜReĜ
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�M/ K2Hi +v+H2b Q7 i?2 *1aJ@Gq Qp2` i?2 T2`BQ/ Q7 ky3RĜkRyy �`2 p2`v bBKBH�` iQ i?2 QM2bjj3

Q7 i?2 *1aJ@G1 BM kyjRĜky8y- TQBMiBM; iQ � bi�#BHBx�iBQM Q7 i?2 b2� B+2 `2bTQMb2 mM/2` i?2jjN

HQr 2KBbbBQMb b+2M�`BQ �`QmM/ KB/@+2Mim`v +HBK�i2 r?2M �iKQbT?2`B+ *P2 bi�`ib iQ bHQrHvj9y

/2+HBM2 U6B;m`2 k#VXj9R

aT�iB�H /Bz2`2M+2b BM B+2 7Q`K�iBQM �M/ K2Hi #2ir22M i?2 irQ 7mim`2 2KBbbBQMb b+2M�`BQbj9k

�HbQ K�MB72bi �i i?2 2M/ Q7 i?2 kRbi +2Mim`vX "v ky3RĜkRyy- i?2 B+2 7Q`K�iBQM b2�bQM b?B7ibj9j

7`QK 7�HH UaPLV iQ rBMi2` U.C6V 2p2`vr?2`2 BM i?2 �`+iB+ 7Q` i?2 *1aJ@G1- �b 7`22xBM;j99

bi�`ib �M/ 2M/b H�i2` BM i?2 v2�` U6B;m`2b 8;-? �M/ d2c b22 �HbQ aKBi? � C�?M- kyRNVX 6Q` i?2j98

*1aJ@Gq QM i?2 Qi?2` ?�M/- KQbi Q7 B+2 7Q`K�iBQM biBHH Q++m`b BM i?2 7�HH U6B;m`2b 8B �M/j9e

d2V- rBi? i?2 2t+2TiBQM Q7 T�`ib Q7 i?2 "�`2Mib- E�`�- "2�m7Q`i �M/ *?mF+?B a2�b U6B;m`2j9d

8DVX JQ`2Qp2`- K2Hi Q++m`b Qp2` i?2 r?QH2 �`+iB+ #�bBM BM bmKK2` QMHv 7Q` i?2 *1aJ@G1j93

U6B;m`2 e;-?V- r?B+? bBKmH�i2b � M2�`Hv B+2@7`22 �`+iB+ 7Q` b2p2`�H KQMi?b 2�+? v2�` #v i?2j9N

H�i2 kRbi +2Mim`v Ub22 �HbQ C�?M- kyR3VX 6Q` i?2 *1aJ@Gq- K2Hi biBHH Q++m`b BM i?2 7�HH MQ`i?j8y

Q7 :`22MH�M/ �M/ i?2 *�M�/B�M �`+iB+ �`+?BT2H�;Q �M/ BMiQ i?2 *2Mi`�H �`+iB+ BM i?2 H�i2j8R

kRbi +2Mim`v U6B;m`2 eDV- bBKBH�` iQ KB/@+2Mim`v +QM/BiBQMb BM i?2 *1aJ@G1 U6B;m`2 e/VXj8k

�b � `2bmHi- i?2`2 Bb � HQM;2` TQ`iBQM Q7 i?2 v2�` r?2M i?2 �`+iB+ Bb 7mHHv B+2 +Qp2`2/ BM i?2j8j

*1aJ@Gq- �HHQrBM; KQ`2 iBK2 7Q` B+2 ~Q2b iQ KQp2 �`QmM/ �M/ BM+`2�bBM; i?2 �KQmMi Q7j89

B+2 2t+?�M;2/ #2ir22M i?2 /Bz2`2Mi 11wbXj88

h?2 *1aJ �HbQ T`QD2+ib � H�`;2 `2/m+iBQM BM i?2 �p2`�;2 �KQmMi Q7 iBK2 M2+2bb�`vj8e

7Q` b2� B+2 iQ i`�MbBi 7`QK QM2 11w iQ �MQi?2` #v kyjRĜky8y- 2bT2+B�HHv 7Q` HQM; T�i?r�vbj8d

i?�i �`2 +?�`�+i2`Bx2/ #v �M �p2`�;2 i`�MbBi iBK2 Q7 KQ`2 i?�M irQ v2�`b BM RN3RĜkyyyj83

U6B;m`2 3VX h?Bb /2+`2�b2 BM i`�MbBi iBK2b Bb `2H�i2/ iQ i?2 TQH2r�`/ 2tT�MbBQM Q7 i?2 aAw-j8N

r?B+? �+ib iQ K2Hi � H�`;2` �`2� Q7 B+2 2�+? bmKK2` �M/ ;`2�iHv `2/m+2 i?2 MmK#2` Q7jey

KmHiB@v2�` i`�MbBi T�i?r�vb- BM +QK#BM�iBQM rBi? �M BM+`2�b2 BM B+2 /`B7i bT22/- 2bT2+B�HHvjeR

BM i?2 rBMi2` KQMi?b UMQi b?QrMc b22 �HbQ h�M/QM 2i �HX- kyR3VX h?2 BM+`2�b2 BM B+2 /`B7ijek

bT22/ Bb K�BMHv �bbQ+B�i2/ rBi? � /2+`2�b2 BM B+2 i?B+FM2bb �b r2 }M/ MQ bB;MB}+�Mi +?�M;2jej

BM i?2 �p2`�;2 rBM/ bT22/ Qp2` i?2 �`+iB+ i?`Qm;?Qmi i?2 kRbi +2Mim`v UMQi b?QrMVX "vje9

ky3RĜkRyy- �HH 2t+?�M;2 T�i?r�vb ?�p2 �p2`�;2 i`�MbBi iBK2b Q7 H2bb i?�M QM2 v2�` 7Q` i?2je8

*1aJ@G1 U6B;m`2 3VX h?Bb Bb i?2 `2bmHi Q7 � b2�bQM�H B+2 +Qp2` Qp2` i?2 r?QH2 �`+iB+ #�bBM-jee

r?B+? T`2p2Mib i?2 7Q`K�iBQM Q7 KmHiB@v2�` B+2 BM �HH Q7 i?2 9y 2Mb2K#H2 K2K#2`b �M/ /Q2bjed

MQi �HHQr 7Q` i`�MbBi iBK2b HQM;2` i?�M QM2 v2�`X PM i?2 Qi?2` ?�M/- i?2 *1aJ@Gq b?Qrbje3

i`�MbBi iBK2b BM ky3RĜkRyy i?�i �`2 bBKBH�` iQ i?Qb2 Q7 i?2 *1aJ@G1 BM kyjRĜky8y U6B;m`2jeN

3V- �;�BM TQBMiBM; iQ � bi�#BHBx�iBQM Q7 i?2 b2� B+2 `2bTQMb2 iQ i?2 `2/m+2/ �iKQbT?2`B+ *P2jdy

ĜRdĜ
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+QM+2Mi`�iBQM BM i?2 *1aJ@Gq b+2M�`BQ iQr�`/ i?2 2M/ Q7 i?2 +2Mim`v U6B;m`2 k#VX LQi2jdR

i?�i i`�MbBi iBK2b 7Q` �HH 2t+?�M;2 T�i?r�vb 7Q` i?2 *1aJ@Gq #v ky3RĜkRyy �`2 bi�iBbiB+�HHvjdk

/Bz2`2Mi 7`QK RN3RĜkyyy i`�MbBi iBK2b �i i?2 N8W +QM}/2M+2 H2p2H- 2t+2Ti 7Q` B+2 7Q`KBM;jdj

BM i?2 *2Mi`�H �`+iB+ �M/ K2HiBM; BM i?2 lMBi2/ ai�i2b U6B;m`2 3VX JQ`2Qp2`- 7Q` i?2 T2`BQ/jd9

Q7 ky3RĜkRyy- �HH i`�MbBi iBK2 /Bz2`2M+2b #2ir22M i?2 *1aJ@G1 �M/ i?2 *1aJ@Gq �`2jd8

bi�iBbiB+�HHv bB;MB}+�MiXjde

0 1 2 3 4 5 6 7 8

Average Transit Time (years)

CNT to CAN

CNT to ISL

CNT to GRN

CNT to NOR

CAN to RUS

RUS to ISL

RUS to GRN

CNT to USA

CNT to RUS

USA to RUS

RUS to CNT

CAN to CNT

USA to CNT

CAN to USA

RUS to NOR

CESM-LE: 1981-2000
CESM-LE: 2031-2050
CESM-LW: 2081-2100
CESM-LE: 2081-2100

6B;m`2 3X �p2`�;2 i`�MbBi iBK2 BM v2�`b 7Q` i?2 R8 T�i?r�vb 2t+?�M;BM; i?2 H�`;2bi �`2�H ~mt Q7

i`�MbM�iBQM�H B+2 i?`Qm;?Qmi �HH i?`22 iBK2 T2`BQ/b �M/ #Qi? 2tT2`BK2MibX h?2 2``Q` #�`b b?Qr i?2

N8W +QM}/2M+2 #QmM/b Q7 i?2 ky@v2�` �p2`�;2/ i`�MbBi iBK2 7Q` i?2 9y 2Mb2K#H2 K2K#2`b Q7 i?2

*1aJ@G1 �M/ i?2 RR 2Mb2K#H2 K2K#2`b Q7 i?2 *1aJ@GqX

�b i?2 K2Hi b2�bQM Bb T`QD2+i2/ iQ ;2i HQM;2` �M/ �p2`�;2 i`�MbBi iBK2b b?Q`i2M iQ H2bbjdd

i?�M QM2 v2�` 7Q` i?2 *1aJ@G1 #v i?2 2M/ Q7 i?2 kRbi +2Mim`v- HQM;@/Bbi�M+2 B+2 i`�MbTQ`ijd3

T�i?r�vb �`2 T`2/B+i2/ iQ /BKBMBb? BM 7�pQ` Q7 B+2 2t+?�M;2/ #2ir22M M2B;?#Q`BM; 11wb-jdN

bT2+B}+�HHv i?2 QM2b /QrMbi`2�K Q7 2�+? 11w Q7 7Q`K�iBQM 7QHHQrBM; i?2 ;2M2`�H �`+iB+ b2�j3y

B+2 +B`+mH�iBQMX �b � `2bmHi- i?2 /Bp2`bBiv Q7 11wb Q7 K2Hi 7Q` 2�+? 11w Q7 7Q`K�iBQM Bbj3R

`2/m+2/ 7Q` i?2 *1aJ@G1 +QKT�`2/ iQ i?2 *1aJ@Gq BM ky3RĜkRyy- 2bT2+B�HHv 7Q` _mbbB�j3k

�M/ i?2 *2Mi`�H �`+iB+ r?2`2 i?2 H�`;2bi �KQmMi Q7 i`�MbM�iBQM�H B+2 Q`B;BM�i2b U6B;m`2j3j

9/-2VX h?Bb BKTHB2b � +QMiBMm�iBQM BM i?2 7mim`2 Q7 i?2 M2;�iBp2 i`2M/ BM aB#2`B�M b?2H7 B+2j39
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`2�+?BM; 6`�K ai`�Bi bBM+2 i?2 #2;BMMBM; Q7 i?2 kRbi +2Mim`v `2+2MiHv 7QmM/ #v E`mKT2M 2ij38

�HX UkyRNVX LQi2 i?�i 7Q` �HH 2t+?�M;2 T�i?r�vb Qp2` i?2 T2`BQ/ Q7 ky3RĜkRyy- QMHv i?2 ~mt Q7j3e

B+2 7`QK *�M�/� iQ _mbbB�- 7`QK i?2 lMBi2/ ai�i2b iQ _mbbB� �M/ 7`QK LQ`r�v iQ :`22MH�M/j3d

UBX2X- `2H�iBp2Hv b?Q`i@/Bbi�M+2 /QrMbi`2�K ~mt2bV �`2 MQi bi�iBbiB+�HHv /Bz2`2Mi #2ir22M i?2j33

*1aJ@G1 �M/ i?2 *1aJ@Gq �i i?2 N8W +QM}/2M+2 H2p2HX "v ky3RĜkRyy- +QMbBbi2Mi M2�`Hvj3N

B+2@7`22 bmKK2`b BM i?2 *1aJ@G1 �+i iQ `2/m+2 i?2 7`�+iBQM Q7 i`�MbM�iBQM�H B+2 2t+?�M;2jNy

U�b /2}M2/ BM b2+iBQM kXkV- r?2`2�b i?2 *1aJ@Gq +QMiBMm2b iQ b22 �M BM+`2�b2X AM/22/- i?2jNR

7`�+iBQM Q7 i`�MbM�iBQM�H B+2 2t+?�M;2 ;`Qrb 7`QK 9eW iQ 93W iQ 9NW 7Q` i?2 *1aJ@GqjNk

i?`Qm;?Qmi i?2 i?`22 iBK2 T2`BQ/b Q7 BMi2`2bi- r?2`2�b Bi BMBiB�HHv BM+`2�b2b 7`QK 9eW iQ 9dWjNj

#2ir22M i?2 }`bi irQ iBK2 T2`BQ/b 7Q` i?2 *1aJ@G1- #mi i?2M `2/m+2b iQ 99W #v i?2 2M/jN9

Q7 i?2 kRbi +2Mim`vX LQi2 i?�i i?2 7`�+iBQMb Q7 i`�MbM�iBQM�H B+2 2t+?�M;2 �`2 bi�iBbiB+�HHvjN8

/Bz2`2Mi 7`QK 2�+? Qi?2` �i i?2 N8W +QM}/2M+2 H2p2H #2ir22M i?2 i?`22 iBK2 T2`BQ/b QMHvjNe

7Q` i?2 *1aJ@G1X Ai Bb BKTQ`i�Mi iQ MQi2 i?�i 2p2M i?Qm;? i?2 7`�+iBQM Q7 i`�MbM�iBQM�HjNd

B+2 2t+?�M;2 /2+`2�b2b 7Q` i?2 *1aJ@G1 #2ir22M kyjRĜky8y �M/ ky3RĜkRyy- i?2 iQi�H �`2�HjN3
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b+2M�`BQbX8Rk

hQ +QM+Hm/2- Qm` bim/v b?Qrb i?�i i?2 +?�`�+i2`BbiB+b Q7 i`�MbM�iBQM�H B+2 2t+?�M;28Rj

rBHH +?�M;2 /`�K�iB+�HHv Qp2` i?2 kRbi +2Mim`v- 2p2M mM/2` � HQr r�`KBM; b+2M�`BQX �b �8R9

ĜkkĜ



K�Mmb+`BTi bm#KBii2/ iQ 1�`i?Ƕb 6mim`2

`2bmHi- i?2 TQi2MiB�H 7Q` B+2@`�7i2/ +QMi�KBM�Mi i`�MbTQ`i �+`Qbb 11wb rBHH BM+`2�b2 ;`2�iHv8R8

BM i?2 M2ti 72r /2+�/2bX :Bp2M i?2 �bbQ+B�i2/ bQ+B2i�H `BbFb- Qm` `2bmHib bm;;2bi i?�i BM Q`/2`8Re

iQ bmTTQ`i `BbF K�M�;2K2Mi bi`�i2;B2b 7Q` B+2@`�7i2/ +QMi�KBM�Mib- KQ`2 /2i�BH2/ KQ/2HBM;8Rd

b?QmH/ #2 mM/2`i�F2M BM i?2 7mim`2- iQ bBKmH�i2 bT2+B}+ TQHHmi�MibX am+? � KQ/2H rQmH/ ?�p28R3

iQ BM+Hm/2 2t+?�M;2 �M/ i`�MbTQ`i Q7 KmHiBTH2 i`�+2`b rBi? � bm`7�+2 /2TQbBiBQM bQm`+2 7Q`8RN

�iKQbT?2`B+ �2`QbQHb �M/ T�`iB+mH�i2b- b2/BK2Mi�`v BM+HmbBQM 7Q` b2� B+2 7Q`K2/ BM b?�HHQr8ky

r�i2`b- �M/ � TQi2MiB�H 7Q` B+2@i`�TT2/ QBH 7`QK QT2M@r�i2` bTBHHbX8kR

�+FMQrH2/;K2Mib8kk

SX .2_2T2MiB;Mv �+FMQrH2/;2b i?2 bmTTQ`i Q7 i?2 L�im`�H a+B2M+2b �M/ 1M;BM22`BM; *QmM+BH8kj

Q7 *�M�/� ULa1_*V- i?2 6QM/ /2 `2+?2`+?2 /m Zmû#2+ Ĝ L�im`2 2i h2+?MQHQ;B2b U6_ZLhV8k9

�M/ i?2 *�M�/B�M J2i2Q`QHQ;B+�H �M/ P+2�MQ;`�T?B+ aQ+B2iv U*JPaV i?`Qm;? S?. b+?QH@8k8

�`b?BTbX SX .2_2T2MiB;Mv Bb �HbQ bmTTQ`i2/ #v La1_* .Bb+Qp2`v S`Q;`�K 7mM/b �r�`/2/8ke

iQ GX "X h`2K#H�v- La6@PSS ;`�Mi R8y9j93 USA, �X C�?M- +Q@SAb, GX "X h`2K#H�v �M/8kd

JX JX >QHH�M/V- �M/ �X C�?MǶb bi�`i@mT 7mM/b 7`QK i?2 lMBp2`bBiv Q7 *QHQ`�/Q "QmH/2`X8k3

�X C�?M �+FMQrH2/;2b bmTTQ`i 7`QK La6@PSS ;`�Mi R8y9j93 �M/ bi�`i@mT 7mM/b 7`QK i?28kN

lMBp2`bBiv Q7 *QHQ`�/Q "QmH/2`X GX "X h`2K#H�v Bb ;`�i27mH 7Q` i?2 }M�M+B�H bmTTQ`i Q7 i?28jy

La1_* .Bb+Qp2`v S`Q;`�K �M/ i?2 J1PS�_ ;`�Mi ǳ6Q`2+�biBM; _2;BQM�H �`+iB+ a2� A+28jR

7`QK � JQMi? iQ a2�bQMbǴX h?Bb rQ`F Bb � +QMi`B#miBQM iQ i?2 *�M�/B�M a2� A+2 �M/ aMQr8jk

1pQHmiBQM U*�MaAa1V L2irQ`F 7mM/2/ #v i?2 La1_* *HBK�i2 *?�M;2 �M/ �iKQbT?2`B+8jj

_2b2�`+? T`Q;`�KX _X L2riQMǶb 2zQ`i QM i?Bb T`QD2+i ?�b #22M bmTTQ`i2/ #v i?2 L�iBQM�H8j9

a+B2M+2 6QmM/�iBQM ;`�Mib La6@P*1 R9@jeeee U�`+iB+ :1Ph_�*1aV �M/ La6@SG_ R8@8j8

y99y9 U.vM�KB+b Q7 6`2b?r�i2` *QKTQM2MibVX aX S}`K�MǶb +QMi`B#miBQM ?�b #22M bmTTQ`i2/8je

#v i?2 �`BxQM� ai�i2 lMBp2`bBivX h?Bb T`QD2+i Bb T�`i Q7 i?2 ;`�Mi ǳ� G�;`�M;B�M �TT`Q�+?8jd

iQ 2K2`;BM; /vM�KB+b Q7 i?2 K�`;BM�H B+2 xQM2Ǵ- H2�/ SA, GX "X h`2K#H�v- +Q@SAb, aX S}`K�M8j3

�M/ _X L2riQM- PL_ LyyyR9@RR@R@yNdd- kyRR@kyReX8jN

q2 �+FMQrH2/;2 i?2 *1aJ G�`;2 1Mb2K#H2 *QKKmMBiv S`QD2+i �M/ i?2 *1aJ GQr89y

q�`KBM; 1Mb2K#H2 S`QD2+iX h?2 *1aJ T`QD2+i Bb bmTTQ`i2/ T`BK�`BHv #v i?2 L�iBQM�H a+B@89R

2M+2 6QmM/�iBQM ULa6VX *QKTmiBM; �M/ /�i� biQ`�;2 `2bQm`+2b- BM+Hm/BM; i?2 *?2v2MM2 bm@89k

T2`+QKTmi2` U/QB,RyX8ye8f.e_sNN>sV- r2`2 T`QpB/2/ #v i?2 *QKTmi�iBQM�H �M/ AM7Q`K�@89j

iBQM avbi2Kb G�#Q`�iQ`v U*AaGV �i L*�_X JQ/2H QmiTmi 7Q` i?2 *1aJ@G1 �M/ i?2 *1aJ@899

Gq Bb Tm#HB+Hv �p�BH�#H2 QM i?2 1�`i? avbi2K :`B/ r2#bBi2 �i rrrX2�`i?bvbi2K;`B/XQ`;X898

h?2 SQH�` S�i?}M/2` /�i� b2i Bb Tm#HB+Hv �p�BH�#H2 QM i?2 LaA.* r2#bBi2 �i ?iiT,ff89e

ĜkjĜ
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MbB/+XQ`;f/�i�fLaA.*@yRReX h?2 *HBK�i2 .�i� _2+Q`/ T`Q/m+i Bb Tm#HB+Hv �p�BH�#H2 QM89d

i?2 LaA.* r2#bBi2 �i ?iiT,ffMbB/+XQ`;f/�i�f:ykkykX a?�T2}H2b Q7 K�`BiBK2 #QmM/�`B2b893

�M/ 11wb �`2 Tm#HB+Hv �p�BH�#H2 �i ?iiT,ff?iiT,ffrrrXK�`BM2`2;BQMbXQ`;fX89N

GX "X h`2K#H�v- aX S}`K�M �M/ _X L2riQM +QM+2Bp2/ i?2 Qp2`�HH `2b2�`+? [m2biBQM-88y

bi�`iBM; 7`QK i?2 rQ`F Q7 aX S}`K�M �M/ qX >�t#v U/2+2�b2/V QM G�;`�M;B�M b2� B+288R

i`�+FBM;X �X C�?M bm;;2bi2/ BM+Hm/BM; i?2 HQr r�`KBM; b+2M�`BQ BM i?2 �M�HvbBbX GX "X88k

h`2K#H�v- _X L2riQM �M/ SX .2_2T2MiB;Mv BKTH2K2Mi2/ i?2 a2� A+2 h`�+FBM; liBHBiv UaAhlV88j

�M/ +QKTmi�iBQM�H 7`�K2rQ`FX SX .2_2T2MiB;Mv +�``B2/ Qmi i?2 2tT2`BK2Mib �M/ T2`7Q`K2/889

i?2 �M�HvbBb mM/2` i?2 bmT2`pBbBQM Q7 GX "X h`2K#H�v �M/ �X C�?MX SX .2_2T2MiB;Mv iQQF888

i?2 H2�/ BM r`BiBM; i?2 K�Mmb+`BTiX �HH �mi?Q`b T`QpB/2/ +`BiB+�H 722/#�+F �M/ +QHH�#Q`�i2/88e

BM b?�TBM; i?2 `2b2�`+?- �M�HvbBb �M/ }M�H p2`bBQM Q7 i?2 K�Mmb+`BTiX q2 �+FMQrH2/;288d

+QKK2Mib QM �M 2�`HB2` /`�7i #v .`X *H�`� .2b2`- .`X J�`BF� JX >QHH�M/- .`X C2MMB72` 1X883

E�v �M/ .`X q�Hi LX J2B2`X88N

_272`2M+2b8ey

�Fb2MQp- uX- SQTQp�- 1X 1X- uQQH- �X- Lm`b2`- �X :X- qBHHB�Kb- hX .X- "2`iBMQ- GX- � "2`;?-8eR

CX UkyRdVX PM i?2 7mim`2 M�pB;�#BHBiv Q7 �`+iB+ b2� `Qmi2b, >B;?@`2bQHmiBQM T`QD2+iBQMb8ek

Q7 i?2 �`+iB+ P+2�M �M/ b2� B+2X J�`BM2 SQHB+v- d8- jyyĜjRdX /QB, ?iiTb,ff/QBXQ`;f8ej

RyXRyRefDXK�`TQHXkyR8XRkXykd8e9

�J�SX UkyRRVX �J�S �bb2bbK2Mi kyRR, J2`+m`v BM i?2 �`+iB+ Uh2+?X _2TXVX PbHQ- LQ`r�v,8e8

�`+iB+ JQMBiQ`BM; �M/ �bb2bbK2Mi S`Q;`�KK2 U�J�SVX U�p�BH�#H2 �i, ?iiTb,ffrrr8ee

X�K�TXMQf/Q+mK2Mibf/Q+f�K�T@�bb2bbK2Mi@kyRR@K2`+m`v@BM@i?2@�`+iB+fNyV8ed

�J�SX UkyR8VX �J�S �bb2bbK2Mi kyR8, "H�+F +�`#QM �M/ QxQM2 �b �`+iB+ +HBK�i28e3

7Q`+2`b Uh2+?X _2TXVX PbHQ- LQ`r�v, �`+iB+ JQMBiQ`BM; �M/ �bb2bbK2Mi S`Q;`�KK28eN

U�J�SVX U�p�BH�#H2 �i, ?iiTb,ffrrrX�K�TXMQf/Q+mK2Mibf/Q+f�K�T@�bb2bbK2Mi8dy

@kyR8@#H�+F@+�`#QM@�M/@QxQM2@�b@�`+iB+@+HBK�i2@7Q`+2`bfRkNNV8dR

�`+iB+ *QmM+BHX UkyyNVX �`+iB+ J�`BM2 a?BTTBM; �bb2bbK2Mi kyyN _2TQ`i Uh2+?X _2TXVX8dk

PbHQ- LQ`r�v, �`+iB+ *QmM+BH LQ`r2;B�M *?�B`K�Mb?BTX U�p�BH�#H2 �i, ?iiTb,ff8dj

Q��`+?Bp2X�`+iB+@+QmM+BHXQ`;f?�M/H2fRRjd9f89V8d9

"�`M?�`i- EX _X- JBHH2`- *X _X- Pp2`22K- AX- � E�v- CX 1X UkyReVX J�TTBM; i?2 7mim`28d8

2tT�MbBQM Q7 �`+iB+ QT2M r�i2`X L�im`2 *HBK�i2 *?�M;2- eUjV- k3yX /QB, ?iiTb,ff8de

/QBXQ`;fRyXRyj3fM+HBK�i2k3938dd

"B`/- EX CX- *?�`T2MiB2`- _X _X- :�miB2`- .X GX- >Qmb2FM2+?i- .X qX- EH2ii- hX _X- SBiK�M-8d3

Ĝk9Ĝ
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CX EX- Ę q�M/`2v- *X _X Ukyy3VX *B`+mK@�`+iB+ `2bQm`+2 �TT`�Bb�H, 1biBK�i2b Q78dN

mM/Bb+Qp2`2/ QBH �M/ ;�b MQ`i? Q7 i?2 �`+iB+ *B`+H2 Uh2+?X _2TXVX lXaX :2QHQ;B+�H83y

am`p2vX /QB, ?iiTb,ff/QBXQ`;fRyXjRjjf7bkyy3jy9N83R

"H�MF2M- >X- h`2K#H�v- GX "X- :�bFBM- aX- � aH�pBM- �X UkyRdVX JQ/2HHBM; i?2 HQM;@i2`K83k

2pQHmiBQM Q7 rQ`bi@+�b2 �`+iB+ QBH bTBHHbX J�`BM2 SQHHmiBQM "mHH2iBM- RReUR@kV- jR8ĜjjRX83j

/QB, ?iiTb,ff/QBXQ`;fRyXRyRefDXK�`TQH#mHXkyReXRkXydy839

"Q2iBmb- �X- �H#`2+?i- aX- "�FF2`- EX- "B2M?QH/- *X- 62H/2M- CX- 62`M�M/2x@JûM/2x- JX- Ę838

Qi?2`b UkyRjVX 1tTQ`i Q7 �H;�H #BQK�bb 7`QK i?2 K2HiBM; �`+iB+ b2� B+2X a+B2M+2-83e

jjNUeRkeV- R9jyĜR9jkX /QB, ?iiTb,ff/QBXQ`;fRyXRRkefb+B2M+2XRkjRj9e83d

"`Q/xBF- JX CX- "BHHBM;bH2v- "X- >�`�M- hX- _�mT- "X- � a�pQB2- JX >X UkyRkVX 1�a1@:`B/833

kXy, AM+`2K2Mi�H #mi bB;MB}+�Mi BKT`Qp2K2Mib 7Q` 1�`i?@;`B//2/ /�i� b2ibX AaS_a83N

AMi2`M�iBQM�H CQm`M�H Q7 :2Q@AM7Q`K�iBQM- RURV- jkĜ98X /QB, ?iiTb,ff/QBXQ`;fRyXjjNyf8Ny

BD;BRyRyyjk8NR

"`mM2ii2- *X- h`2K#H�v- "X- � L2riQM- _X UkyRNVX qBMi2` +Q�bi�H /Bp2`;2M+2 �b � T`2/B+iQ`8Nk

7Q` i?2 KBMBKmK b2� B+2 2ti2Mi BM i?2 G�Ti2p a2�X CQm`M�H Q7 *HBK�i2- jkU9V- RyejĜ8Nj

Ry3yX /QB, ?iiTb,ff/QBXQ`;fRyXRRd8fC*GA@.@R3@yReNXR8N9

"m/BFQp�- .X UkyyNVX _QH2 Q7 �`+iB+ b2� B+2 BM ;HQ#�H �iKQbT?2`B+ +B`+mH�iBQM, � `2@8N8

pB2rX :HQ#�H �M/ SH�M2i�`v *?�M;2- e3UjV- R9NĜRejX /QB, ?iiTb,ff/QBXQ`;fRyXRyRef8Ne

DX;HQTH�+?�XkyyNXy9XyyR8Nd

*QKBbQ- CX *X UkyRkVX G�`;2 /2+�/�H /2+HBM2 Q7 i?2 �`+iB+ KmHiBv2�` B+2 +Qp2`X CQm`M�H Q78N3

*HBK�i2- k8- RRdeĜRRNjX /QB, ?iiTb,ff/QBXQ`;fRyXRRd8fC*GA@.@RR@yyRRjXR8NN

*QKBbQ- CX *X- J2B2`- qX LX- � :2`bi2M- _X UkyRdVX o�`B�#BHBiv �M/ i`2M/b BM i?2 �`+iB+ b2�eyy

B+2 +Qp2`, _2bmHib 7`QK /Bz2`2Mi i2+?MB[m2bX CQm`M�H Q7 :2QT?vbB+�H _2b2�`+?, P+2�Mb-eyR

RkkU3V- e33jĜeNyyX /QB, ?iiTb,ff/QBXQ`;fRyXRyykfkyRdC*yRkde3eyk

*QKBbQ- CX *X- S�`FBMbQM- *X GX- :2`bi2M- _X- � aiQ+F- GX Ukyy3VX �++2H2`�i2/ /2+HBM2 BMeyj

i?2 �`+iB+ b2� B+2 +Qp2`X :2QT?vbB+�H _2b2�`+? G2ii2`b- j8URVX /QB, ?iiTb,ff/QBXQ`;fey9

RyXRykNfkyyd:GyjRNdkey8

.2_2T2MiB;Mv- SX- h`2K#H�v- GX "X- L2riQM- _X- � S}`K�M- aX UkyReVX S�ii2`Mb Q7 a2� A+2eye

_2i`2�i BM i?2 h`�MbBiBQM iQ � a2�bQM�HHv A+2@6`22 �`+iB+X CQm`M�H Q7 *HBK�i2- kNURNV-eyd

eNNjĜdyy3X /QB, ?iiTb,ff/QBXQ`;fRyXRRd8fC*GA@.@R8@ydjjXRey3

1B+F2M- >X Ukyy9VX h?2 `QH2 Q7 �`+iB+ b2� B+2 BM i`�MbTQ`iBM; �M/ +v+HBM; i2``B;2MQmb Q`;�MB+eyN

K�ii2`X AM h?2 Q`;�MB+ +�`#QM +v+H2 BM i?2 �`+iB+ Q+2�M UTTX 98Ĝ8jVX aT`BM;2` "2`HBMXeRy

1B+F2M- >X- EQH�ib+?2F- CX- 6`2Bi�;- CX- GBM/2K�MM- 6X- E�bb2Mb- >X- � .KBi`2MFQ- AX UkyyyVXeRR

Ĝk8Ĝ
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� F2v bQm`+2 �`2� �M/ +QMbi`�BMib QM 2Mi`�BMK2Mi 7Q` #�bBM@b+�H2 b2/BK2Mi i`�MbTQ`ieRk

#v �`+iB+ b2� B+2X :2QT?vbB+�H _2b2�`+? G2ii2`b- kdURjV- RNRNĜRNkkX /QB, ?iiTb,ffeRj

/QBXQ`;fRyXRykNfRNNN:GyRRRjkeR9

1KK2`bQM- *X- � G�?M- :X UkyRkVX �`+iB+ PT2MBM;, PTTQ`imMBiv �M/ _BbF BM i?2 >B;? LQ`i?eR8

Uh2+?X _2TXVX GQM/QM- lMBi2/ EBM;/QK, *?�i?�K >Qmb2X U�p�BH�#H2 �i, ?iiTb,ffeRe

rrrX+?�i?�K?Qmb2XQ`;fTm#HB+�iBQMbfT�T2`bfpB2rfR3k3jNVeRd

1M;H�M/- JX- C�?M- �X- � SQHp�MB- GX UkyRNVX LQMmMB7Q`K *QMi`B#miBQM Q7 AMi2`M�H o�`B@eR3

�#BHBiv iQ _2+2Mi �`+iB+ a2� A+2 GQbbX CQm`M�H Q7 *HBK�i2- jkURjV- 9yjNĜ9y8jX /QB,eRN

?iiTb,ff/QBXQ`;fRyXRRd8fC*GA@.@R3@y3e9XReky

62`M�M/2x@JûM/2x- JX- E�iH2BM- *X- _�#2- "X- LB+QH�mb- JX- S22F2M- AX- "�FF2`- EX- ĘekR

"Q2iBmb- �X UkyR8VX S?QiQbvMi?2iB+ T`Q/m+iBQM BM i?2 +2Mi`�H �`+iB+ P+2�M /m`BM;ekk

i?2 `2+Q`/ b2�@B+2 KBMBKmK BM kyRkX "BQ;2Qb+B2M+2b- RkURRV- j8k8Ĝj89NX /QB, ?iiTb,ffekj

/QBXQ`;fRyX8RN9f#;@Rk@j8k8@kyR8ek9

6BM;�b- JX- � >QHH2#QM2- "X UkyyjVX _2pB2r Q7 #2?�pBQm` Q7 QBH BM 7`22xBM; 2MpB`QMK2MibXek8

J�`BM2 SQHHmiBQM "mHH2iBM- 9dUN@RkV- jjjĜj9yX /QB, ?iiTb,ff/QBXQ`;fRyXRyRefayyk8eke

@jkesUyjVyykRy@3ekd

6H�M/2`b J�`BM2 AMbiBimi2X UkyR3VX J�`BiBK2 "QmM/�`B2b :2Q/�i�#�b2, J�`BiBK2 "QmM/�`B2bek3

�M/ 1t+HmbBp2 1+QMQKB+ wQM2b UkyyLJV- p2`bBQM RyX /QB, ?iiTb,ff/QBXQ`;fRyXR9k39fekN

jRkejy

6QrH2`- *X- 1K2`v- qX- � J�bH�MBF- CX Ukyy9VX a�i2HHBi2@/2`Bp2/ 2pQHmiBQM Q7 �`+iB+ b2� B+2ejR

�;2, P+iQ#2` RNd3 iQ J�`+? kyyjX :2Qb+B2M+2 �M/ _2KQi2 a2MbBM; G2ii2`b- A111-ejk

RUkV- dRĜd9X /QB, ?iiTb,ff/QBXQ`;fRyXRRyNfG:_aXkyy9X3k9d9Rejj

:HB+FbQM- .X- :`�#QrbFB- JX- *QQH#�m;?- hX- .B+FBMb- .X- :H2MM- _X- G22- EX- Ę Qi?2`bej9

UkyR9VX _2bTQM/BM; iQ QBH bTBHHb BM i?2 lXaX �`+iB+ K�`BM2 2MpB`QMK2MiX AM AMi2`M�iBQM�Hej8

QBH bTBHH +QM72`2M+2 T`Q+22/BM;b UoQHX kyR9- TX k3jd9yVX /QB, ?iiTb,ff/QBXQ`;fRyXdNyRfeje

kReN@jj83@kyR9@R@k3jd9yXRejd

:`�/BM;2`- _X _X- E�m7K�M- JX _X- � "Hm?K- "X �X UkyyNVX SBpQi�H `QH2 Q7 b2� B+2 b2/B@ej3

K2Mib BM i?2 b2�bQM�H /2p2HQTK2Mi Q7 M2�`@b?Q`2 �`+iB+ 7�bi B+2 #BQi�X J�`BM2 1+QHQ;vejN

S`Q;`2bb a2`B2b- jN9- 9NĜejX /QB, ?iiTb,ff/QBXQ`;fRyXjj89fK2Tby3jkye9y

>m``2HH- CX qX- >QHH�M/- JX JX- :2Mi- SX _X- :?�M- aX- E�v- CX 1X- Emb?M2`- SX CX- Ęe9R

Qi?2`b UkyRjVX h?2 *QKKmMBiv 1�`i? avbi2K JQ/2H, � 7`�K2rQ`F 7Q` +QHH�#Q`�iBp2e9k

`2b2�`+?X "mHH2iBM Q7 i?2 �K2`B+�M J2i2Q`QHQ;B+�H aQ+B2iv- N9UNV- RjjNĜRjeyX /QB,e9j

?iiTb,ff/QBXQ`;fRyXRRd8f"�Ja@.@Rk@yyRkRXRe99

ĜkeĜ
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AxmKBv�K�- EX- liQ- aX- a�F�B- aX- 2i �HX Ukyy9VX S`2/B+iBQM Q7 QBH@B+2 b�M/rB+? 7Q`K�iBQMXe98

AMi2`M�iBQM�H CQm`M�H Q7 Pzb?Q`2 �M/ SQH�` 1M;BM22`BM;- R9UyjVXe9e

C�?M- �X UkyR3VX _2/m+2/ T`Q#�#BHBiv Q7 B+2@7`22 bmKK2`b 7Q` RX8◦* +QKT�`2/ iQ k◦*e9d

r�`KBM;X L�im`2 *HBK�i2 *?�M;2- 3U8V- 9yNX /QB, ?iiTb,ff/QBXQ`;fRyXRyj3fb9R883e93

@yR3@yRkd@3e9N

C�?M- �X- � >QHH�M/- JX JX UkyRjVX AKTHB+�iBQMb Q7 �`+iB+ b2� B+2 +?�M;2b 7Q` LQ`i?e8y

�iH�MiB+ /22T +QMp2+iBQM �M/ i?2 K2`B/BQM�H Qp2`im`MBM; +B`+mH�iBQM BM **aJ9@*JAS8e8R

bBKmH�iBQMbX :2QT?vbB+�H _2b2�`+? G2ii2`b- 9yUeV- RkyeĜRkRRX /QB, ?iiTb,ff/QBXQ`;fe8k

RyXRyykf;`HX8yR3je8j

C�?M- �X- E�v- CX 1X- >QHH�M/- JX JX- � >�HH- .X JX UkyReVX >Qr T`2/B+i�#H2 Bb i?2 iBKBM;e89

Q7 � bmKK2` B+2@7`22 �`+iB+\ :2QT?vbB+�H _2b2�`+? G2ii2`b- 9jURdV- NRRjĜNRkyX /QB,e88

?iiTb,ff/QBXQ`;fRyXRyykfkyRe:Gydyyede8e

CBM- JX- .2�H- *X- q�M;- CX- �H2t�M/2`- oX- :`�/BM;2`- _X- a�BiQ?- aX@AX- Ę ai�#2MQ- SX UkyydVXe8d

A+2@�bbQ+B�i2/ T?viQTH�MFiQM #HQQKb BM i?2 bQmi?2�bi2`M "2`BM; a2�X :2QT?vbB+�He83

_2b2�`+? G2ii2`b- j9UeVX /QB, ?iiTb,ff/QBXQ`;fRyXRykNfkyye:Gyk339Ne8N

CQM2b- *X- _Q#2`ibQM- 1X- �`Q`�- oX- 6`B2/HBM;bi2BM- SX- a?2pHB�FQp�- 1X- "QTT- GX- Ę Qi?@eey

2`b UkyRjVX hr2Miv@}`bi@+2Mim`v +QKT�iB#H2 *Pk 2KBbbBQMb �M/ �B`#Q`M2 7`�+iBQMeeR

bBKmH�i2/ #v *JAS8 2�`i? bvbi2K KQ/2Hb mM/2` 7Qm` `2T`2b2Mi�iBp2 +QM+2Mi`�iBQMeek

T�i?r�vbX CQm`M�H Q7 *HBK�i2- keURjV- 9jN3Ĝ99RjX /QB, ?iiTb,ff/QBXQ`;fRyXRRd8feej

C*GA@.@Rk@yy889XRee9

E�v- CX 1X- .2b2`- *X- S?BHHBTb- �X- J�B- �X- >�MM�v- *X- ai`�M/- :X- Ę o2`i2Mbi2BM- JXee8

UkyR8VX h?2 *QKKmMBiv 1�`i? avbi2K JQ/2H U*1aJV G�`;2 1Mb2K#H2 S`QD2+i, �eee

*QKKmMBiv _2bQm`+2 7Q` aim/vBM; *HBK�i2 *?�M;2 BM i?2 S`2b2M+2 Q7 AMi2`M�H *HBK�i2eed

o�`B�#BHBivX "mHH2iBM Q7 i?2 �K2`B+�M J2i2Q`QHQ;B+�H aQ+B2iv- NeU3V- Rjjj@Rj9NX /QB,ee3

?iiTb,ff/QBXQ`;fRyXRRd8f"�Ja@.@Rj@yyk88XReeN

E`mKT2M- hX- "2Hi2`- >X CX- "Q2iBmb- �X- .�KK- 1X- >��b- *X- >2M/`B+Fb- aX- Ę ai2BM-edy

_X UkyRNVX �`+iB+ r�`KBM; BMi2``mTib i?2 h`�MbTQH�` .`B7i �M/ �z2+ib HQM;@`�M;2edR

i`�MbTQ`i Q7 b2� B+2 �M/ B+2@`�7i2/ K�ii2`X a+B2MiB}+ _2TQ`ib- NU898NV- RĜNX /QB,edk

?iiTb,ff/QBXQ`;fRyXRyj3fb9R8N3@yRN@9R98e@vedj

ErQF- _X UkyR3VX �`+iB+ b2� B+2 i?B+FM2bb- pQHmK2- �M/ KmHiBv2�` B+2 +Qp2`�;2, HQbb2b �M/ed9

+QmTH2/ p�`B�#BHBiv URN83ĜkyR3VX 1MpB`QMK2Mi�H _2b2�`+? G2ii2`b- RjURyV- Ry8yy8X /QB,ed8

?iiTb,ff/QBXQ`;fRyXRy33fRd93@Njkef��2j2+ede

G�#2- wX- J�;Mmb/QiiB`- :X- � ai2`M- >X UkyR3VX o�`B�#BHBiv Q7 �`+iB+ b2� B+2 i?B+FM2bb mbBM;edd

ĜkdĜ
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SAPJ�a �M/ i?2 *1aJ G�`;2 1Mb2K#H2X CQm`M�H Q7 *HBK�i2- jRU3V- jkjjĜjk9dX /QB,ed3

?iiTb,ff/QBXQ`;fRyXRRd8fC*GA@.@Rd@y9jeXRedN

J�bH�MBF- CX- 6QrH2`- *X- ai`Q2p2- CX- .`Q#Qi- aX- wr�HHv- CX- uB- .X- � 1K2`v- qX UkyydVX �e3y

vQmM;2`- i?BMM2` �`+iB+ B+2 +Qp2`, AM+`2�b2/ TQi2MiB�H 7Q` `�TB/- 2ti2MbBp2 b2�@B+2 HQbbXe3R

:2QT?vbB+�H _2b2�`+? G2ii2`b- j9Uk9VX /QB, ?iiTb,ff/QBXQ`;fRyXRykNfkyyd:Gyjky9je3k

J�bbQMM2i- 6X- 6B+?272i- hX- :QQbb2- >X- "Bix- *X JX- S?BHBTTQM@"2`i?B2`- :X- >QHH�M/-e3j

JX JX- � "�``B�i- SX@uX UkyRkVX *QMbi`�BMBM; T`QD2+iBQMb Q7 bmKK2` �`+iB+ b2� B+2Xe39

h?2 *`vQbT?2`2- eUeV- Rj3jĜRjN9X /QB, ?iiTb,ff/QBXQ`;fRyX8RN9fi+@e@Rj3j@kyRke38

J2B2`- qX- 62ii2`2`- 6X- a�pQB2- JX- J�HHQ`v- aX- .m2``- _X- � ai`Q2p2- CX UkyRdVXe3e

LP��fLaA.* *HBK�i2 .�i� _2+Q`/ Q7 S�bbBp2 JB+`Qr�p2 a2� A+2 *QM+2Mi`�iBQM-e3d

o2`bBQM j _2pBbBQM R (KQMi?Hv �p2`�;2b 7`QK C�Mm�`v RN3N iQ .2+2K#2` kyy3)X L�@e33

iBQM�H aMQr �M/ A+2 .�i� *2Mi2`- "QmH/2`- *QHQ`�/Q- la�- �++2bb2/ CmHv kyR3X /QB,e3N

?iiTb,ff/QBXQ`;fRyXdke8fL8NSkwh:eNy

J2HMBFQp- AX �X- EQHQbQp�- 1X :X- q2H+?- >X 1X- � w?BiBM�- GX aX UkyykVX a2� B+2 #BQHQ;B+�HeNR

+QKKmMBiB2b �M/ Mmi`B2Mi /vM�KB+b BM i?2 *�M�/� "�bBM Q7 i?2 �`+iB+ P+2�MX .22TeNk

a2� _2b2�`+? S�`i A, P+2�MQ;`�T?B+ _2b2�`+? S�T2`b- 9NUNV- RekjĜRe9NX /QB, ?iiTb,ffeNj

/QBXQ`;fRyXRyRefayNed@yejdUykVyyy9k@yeN9

L2riQM- _X- S}`K�M- aX- a+?HQbb2`- SX- h`2K#H�v- "X- Jm``�v- JX- � SQK2`�M+2- _X UkyReVXeN8

q?Bi2 �`+iB+ pbX "Hm2 �`+iB+, � +�b2 bim/v Q7 /Bp2`;BM; bi�F2?QH/2` `2bTQMb2b iQeNe

2MpB`QMK2Mi�H +?�M;2X 1�`i?Ƕb 6mim`2- 9U3V- jNeĜ9y8X /QB, ?iiTb,ff/QBXQ`;fRyXRyykfeNd

kyRe16yyyj8eeN3

L2riQM- _X- S}`K�M- aX- h`2K#H�v- "X- � .2_2T2MiB;Mv- SX UkyRdVX AM+`2�bBM; i`�MbM�iBQM�HeNN

b2�@B+2 2t+?�M;2 BM � +?�M;BM; �`+iB+ P+2�MX 1�`i?Ƕb 6mim`2- 8UeV- ejjĜe9dX /QB,dyy

?iiTb,ff/QBXQ`;fRyXRyykfkyRe16yyy8yydyR

L2riQM- _X- a+?HQbb2`- SX- JQ`iHQ+F- _X- arB7i- CX- � J�+.QM�H/- _X UkyRjVX *�M�/B�Mdyk

"�bBM 7`2b?r�i2` bQm`+2b �M/ +?�M;2b, _2bmHib 7`QK i?2 kyy8 �`+iB+ P+2�M a2+iBQMXdyj

CQm`M�H Q7 :2QT?vbB+�H _2b2�`+?, P+2�Mb- RR3U9V- kRjjĜkR89X /QB, ?iiTb,ff/QBXQ`;fdy9

RyXRyykfD;`+XkyRyRdy8

L;- �X EX- �M/`2rb- CX- "�##- .X- GBM- uX- � "2+F2`- �X UkyR3VX AKTHB+�iBQMb Q7 +HB@dye

K�i2 +?�M;2 7Q` b?BTTBM;, PT2MBM; i?2 �`+iB+ b2�bX qBH2v AMi2`/Bb+BTHBM�`v _2pB2rb,dyd

*HBK�i2 *?�M;2- NUkV- 28ydX /QB, ?iiTb,ff/QBXQ`;fRyXRyykfr++X8yddy3

LB2/2`/`2MF- �X GX- � LQix- .X UkyR3VX �`+iB+ b2� B+2 BM � RX8 * r�`K2` rQ`H/X :2QT?vbB+�HdyN

_2b2�`+? G2ii2`b- 98U9V- RNejĜRNdRX /QB, ?iiTb,ff/QBXQ`;fRyXRyykfkyRd:GydeR8NdRy

Ĝk3Ĝ
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LQ`/[mBbi- JX UkyRRVX lMBi2/ L�iBQMb *QMp2MiBQM QM i?2 G�r Q7 i?2 a2� RN3k- oQHmK2 oAA,dRR

� *QKK2Mi�`vX "`BHHX /QB, ?iiTb,ff/QBXQ`;fRyXRRejf2DXNd3Nyy9RNRRd9XBBB@933dRk

LɃ`M#2`;- .X- qQHH2M#m`;- AX- .2i?H2z- .X- 1B+F2M- >X- E�bb2Mb- >X- G2ixB;- hX- Ę h?B2/2-dRj

CX URNN9VX a2/BK2Mib BM �`+iB+ b2� B+2, AKTHB+�iBQMb 7Q` 2Mi`�BMK2Mi- i`�MbTQ`idR9

�M/ `2H2�b2X J�`BM2 :2QHQ;v- RRNUj@9V- R38ĜkR9X /QB, ?iiTb,ff/QBXQ`;fRyXRyRefdR8

yyk8@jkkdUN9VNyR3R@jdRe

P##�`/- _X qX- a�/`B- aX- qQM;- uX ZX- E?BimM- �X �X- "�F2`- AX- � h?QKTbQM- _X *X UkyR9VXdRd

:HQ#�H r�`KBM; `2H2�b2b KB+`QTH�biB+ H2;�+v 7`Qx2M BM �`+iB+ a2� B+2X 1�`i?Ƕb 6mim`2-dR3

kUeV- jR8ĜjkyX /QB, ?iiTb,ff/QBXQ`;fRyXRyykfkyR916yyyk9ydRN

P+i�pB�MB- JX- ai2KKH2`- AX- G�KK2H- :X- � :`�7- >X 6X UkyR8VX �iKQbT?2`B+ i`�MbTQ`idky

Q7 T2`bBbi2Mi Q`;�MB+ TQHHmi�Mib iQ �M/ 7`QK i?2 �`+iB+ mM/2` T`2b2Mi@/�v �M/ 7mim`2dkR

+HBK�i2X 1MpB`QMK2Mi�H b+B2M+2 � i2+?MQHQ;v- 9NUeV- j8NjĜjeykX /QB, ?iiTb,ff/QBXQ`;fdkk

RyXRykRf2b8y8eje;dkj

P;B- JX- � _B;Q`- AX :X UkyRjVX h`2M/b BM �`+iB+ b2� B+2 �M/ i?2 `QH2 Q7 �iKQbT?2`B+dk9

+B`+mH�iBQMX �iKQbT?2`B+ a+B2M+2 G2ii2`b- R9UkV- NdĜRyRX /QB, ?iiTb,ff/QBXQ`;fRyXRyykfdk8

�bHkX9kjdke

PHb2M- GX JX- G�M2v- aX _X- .m�`i2- SX- E�mFQ- >X JX- 62`M�M/2x@JûM/2x- JX- JmM/v- *X CX-dkd

Ę Qi?2`b UkyRdVX h?2 b22/BM; Q7 B+2 �H;�H #HQQKb BM �`+iB+ T�+F B+2, i?2 KmHiBv2�` B+2dk3

b22/ `2TQbBiQ`v ?vTQi?2bBbX CQm`M�H Q7 :2QT?vbB+�H _2b2�`+?, "BQ;2Qb+B2M+2b- RkkUdV-dkN

R8kNĜR893X /QB, ?iiTb,ff/QBXQ`;fRyXRyykfkyReC:yyjee3djy

Pbi`2M;- qX- 1;2`- EX JX- 6HǠBbi�/- "X- CǠ`;2Mb2M@.�?H- �X- GQi?2- GX- J2DH¤M/2`@G�`b2M-djR

JX- � q2`;2H�M/- hX UkyRjVX a?BTTBM; BM �`+iB+ r�i2`b, � +QKT�`BbQM Q7 i?2 MQ`i?2�bi-djk

MQ`i?r2bi �M/ i`�Mb TQH�` T�bb�;2bX aT`BM;2` a+B2M+2 � "mbBM2bb J2/B�X /QB, RyXRyydfdjj

Nd3@j@e9k@RedNy@9dj9

S22F2M- AX- S`BKTF2- aX- "2v2`- "X- :Ƀi2`K�MM- CX- E�iH2BM- *X- E`mKT2M- hX- Ę :2`/ib-dj8

:X UkyR3VX �`+iB+ b2� B+2 Bb �M BKTQ`i�Mi i2KTQ`�H bBMF �M/ K2�Mb Q7 i`�MbTQ`idje

7Q` KB+`QTH�biB+X L�im`2 +QKKmMB+�iBQMb- NURV- R8y8X /QB, ?iiTb,ff/QBXQ`;fRyXRyj3fdjd

b9R9ed@yR3@yj3k8@8dj3

S2M;- :X- J2B2`- qX- a+Qii- .X- � a�pQB2- JX UkyRjVX � HQM;@i2`K �M/ `2T`Q/m+B#H2 T�bbBp2djN

KB+`Qr�p2 b2� B+2 +QM+2Mi`�iBQM /�i� `2+Q`/ 7Q` +HBK�i2 bim/B2b �M/ KQMBiQ`BM;X 1�`i?d9y

avbi2K a+B2M+2 .�i�- 8UkV- jRRĜjR3X /QB, ?iiTb,ff/QBXQ`;fRyX8RN9f2bb/@8@jRR@kyRjd9R

S2i2`bQM- *X >X- _B+2- aX .X- a?Q`i- CX qX- 1bH2`- .X- "Q/FBM- CX GX- "�HH�+?2v- "X 1X- � A`QMb-d9k

.X "X UkyyjVX GQM;@i2`K 2+Qbvbi2K `2bTQMb2 iQ i?2 1ttQM o�H/2x QBH bTBHHX a+B2M+2-d9j

ĜkNĜ
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jykU8e8jV- ky3kĜky3eX /QB, RyXRRkefb+B2M+2XRy39k3kd99

S}`K�M- aX- 1B+F2M- >X- "�m+?- .X- � q22Fb- qX URNN8VX h?2 TQi2MiB�H i`�MbTQ`i Q7d98

TQHHmi�Mib #v �`+iB+ b2� B+2X a+B2M+2 Q7 i?2 hQi�H 1MpB`QMK2Mi- R8NUk@jV- RkNĜR9eXd9e

/QB, ?iiTb,ff/QBXQ`;fRyXRyRefyy93@NeNdUN8Vy9Rd9@ud9d

S}`K�M- aX- >�t#v- qX 6X- *QHQMv- _X- � _B;Q`- AX Ukyy9VX o�`B�#BHBiv BM �`+iB+ b2� B+2 /`B7iXd93

:2QT?vbB+�H _2b2�`+? G2ii2`b- jRUReVX /QB, ?iiTb,ff/QBXQ`;fRyXRykNfkyy9:Gykyyejd9N

S}`K�M- aX- Eƺ;2H2`- CX- � _B;Q`- AX URNNdVX SQi2MiB�H 7Q` `�TB/ i`�MbTQ`i Q7 +QMi�KBM�Mibd8y

7`QK i?2 E�`� a2�X a+B2M+2 Q7 i?2 hQi�H 1MpB`QMK2Mi- kykUR@jV- RRRĜRkkX /QB, ?iiTb,ffd8R

/QBXQ`;fRyXRyRefayy93@NeNdUNdVyyRy3@jd8k

SQbi- 1X- 6Q`+??�KK2`- JX *X- "`2i@>�`i2- JX aX- *�HH�;?�M- hX oX- *?`Bbi2Mb2M- hX _X-d8j

1H#2`HBM;- "X- Ę Qi?2`b UkyyNVX 1+QHQ;B+�H /vM�KB+b �+`Qbb i?2 �`+iB+ �bbQ+B�i2/ rBi?d89

`2+2Mi +HBK�i2 +?�M;2X a+B2M+2- jk8U8N9eV- Rj88ĜRj83X /QB, ?iiTb,ff/QBXQ`;fRyXRRkefd88

b+B2M+2XRRdjRRjd8e

_B;Q`- AX :X- � q�HH�+2- CX JX Ukyy9VX o�`B�iBQMb BM i?2 �;2 Q7 �`+iB+ b2�@B+2 �M/ bmKK2`d8d

b2�@B+2 2ti2MiX :2QT?vbB+�H _2b2�`+? G2ii2`b- jRUNVX /QB, ?iiTb,ff/QBXQ`;fRyXRykNfd83

kyy9:GyRN9Nkd8N

a�M/2`bQM- "X JX- sm- uX- h2#�H/B- *X- q2?M2`- JX- PǶL2BHH- "X *X- C�?M- �X- Ę Qi?2`b UkyRdVXdey

*QKKmMBiv +HBK�i2 bBKmH�iBQMb iQ �bb2bb �pQB/2/ BKT�+ib BM RX8 �M/ k◦* 7mim`2bX 1�`i?deR

avbi2K .vM�KB+b- 3UjV- 3kdĜ39dX /QB, ?iiTb,ff/QBXQ`;fRyX8RN9f2b/@3@3kd@kyRddek

a+?Ǡv2M- >X- � "`´i?2M- aX UkyRRVX h?2 LQ`i?2`M a2� _Qmi2 p2`bmb i?2 am2x *�M�H,dej
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1.2T�`iK2Mi Q7 �iKQbT?2`B+ �M/ P+2�MB+ a+B2M+2b �M/ AMbiBimi2 Q7 �`+iB+ �M/ �HTBM2 _2b2�`+?- lMBp2`bBiv Q7 *QHQ`�/Q "QmH/2`-
"QmH/2`- *QHQ`�/Q- la�X

2.2T�`iK2Mi Q7 �iKQbT?2`B+ �M/ P+2�MB+ a+B2M+2b- J+:BHH lMBp2`bBiv- JQMi`2�H- Zm2#2+- *�M�/�X
3G�KQMi@.Q?2`iv 1�`i? P#b2`p�iQ`v- *QHmK#B� lMBp2`bBiv- S�HBb�/2b- L2r uQ`F- la�X

4a+?QQH Q7 ambi�BM�#BHBiv- �`BxQM� ai�i2 lMBp2`bBiv- h2KT2- �`BxQM�- la�X

*Q``2bTQM/BM; �mi?Q`, SX .2_2T2MiB;Mv- .2T�`iK2Mi Q7 �iKQbT?2`B+ �M/ P+2�MB+ a+B2M+2b- lMBp2`bBiv Q7 *QH@
Q`�/Q "QmH/2`- jRR l*"- "QmH/2`- *P 3yjyN- la�X UT�i`B+B�X/2`2T2MiB;Mv!+QHQ`�/QX2/mV

*QMi2Mib Q7 i?Bb }H2
RX h2ti aR iQ ak
kX 6B;m`2b aR iQ ad
jX h�#H2b aR iQ ak

h2ti aRX P#b2`p�iBQM�H .�i�b2ib
h?2 L�iBQM�H aMQr �M/ A+2 .�i� *2Mi2`Ƕb ULaA.*V SQ@

H�` S�i?}M/2` T`QD2+i T`QpB/2b b2� B+2 KQiBQM p2+iQ`b QM
i?2 k8 FK 1�a1@:`B/ 7`QK i?2 #2;BMMBM; Q7 TQH�`@Q`#BiBM;
b�i2HHBi2 Q#b2`p�iBQMb BM LQp2K#2` RNd3 iQ kyRd Uhb+?m/B 2i
�HX- kyReVX h?Bb ;`B//2/ T`Q/m+i Bb /2`Bp2/ i?`Qm;? QTiBK�H
BMi2`TQH�iBQM Q7 Q#b2`p�iBQMb 7`QK i?2 AMi2`M�iBQM�H �`+iB+
"mQv S`Q;`�K UA�"SV- �b r2HH �b i?2 a+�MMBM; JmHiB+?�M@
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�;2` aQmM/2` UaaJAaV- i?2 �/p�M+2/ JB+`Qr�p2 a+�MMBM;
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�/p�M+2/ o2`v >B;? _2bQHmiBQM _�/BQK2i2` U�o>__V b2M@
bQ`bX Ai Bb +QKTH2K2Mi2/ rBi? 7`22 /`B7i 2biBK�i2b /2`Bp2/
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r2`2 T`2pBQmbHv mb2/ BM L2riQM- S}`K�M- h`2K#H�v- �M/
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�i � KQMi?Hv `2bQHmiBQM 7Q` QM2 Q7 i?2 irQ 7Q`+BM; b+2M�`BQb
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72+i2/ #v i?2 +?�M;2 BM iBK2 `2bQHmiBQM 7`QK KQMi?Hv iQ
r22FHvX

�HH Q#b2`p�iBQM�H �M�Hvb2b T`2b2Mi2/ ?2`2 mb2 b�i2HHBi2@
/2`Bp2/ b2� B+2 p2HQ+Biv �M/ +QM+2Mi`�iBQM #2ir22M C�Mm�`v
RN3N �M/ .2+2K#2` kyy3X q2 #2;BM i?2 �M�HvbBb BM RN3N iQ
�pQB/ 2�`HB2` b�i2HHBi2@#�b2/ /`B7i p2+iQ`b- #�b2/ QM `2i`B2p�Hb
7`QK i?2 `2H�iBp2Hv HQr@`2bQHmiBQM aJJ_ b2MbQ`- i?�i 2t@
?B#Bi � HQr #B�b BM b2� B+2 p2HQ+Biv +QKT�`2/ iQ +Q@HQ+�i2/
#mQv /�i� U"`mMQ h`2K#H�v- _Q#2`i L2riQM �M/ *?�`H2b
"`mM2ii2- T2`bQM�H +QKKmMB+�iBQM- J�v Re- kyRNVX *QK@
T�`BbQM #2ir22M Q#b2`p�iBQMb �M/ KQ/2H /�i� T`2b2Mi2/ BM
b2+iBQM ak Bb i?2`27Q`2 /QM2 Qp2` i?2 ky@v2�` T2`BQ/ Q7 RN3NĜ
kyy3X

h2ti akX *QKT�`BbQM Q7 i?2 *1aJ rBi? P#b2`p�@
iBQMb

hQ T`QpB/2 �M �bb2bbK2Mi Q7 i?2 T2`7Q`K�M+2 Q7 i?2
*1aJ BM bBKmH�iBM; b2� B+2 i`�MbTQ`i #2ir22M i?2 /Bz2`2Mi
11wb Q7 i?2 �`+iB+- r2 +QKT�`2 *1aJ `2bmHib iQ `2bmHib
7`QK aAhl mbBM; b�i2HHBi2 Q#b2`p�iBQMb 7`QK i?2 T2`BQ/ Q7
RN3N iQ kyy3X q2 }M/ i?�i i?2 �MMm�H +v+H2 Q7 �`2�H B+2 7Q`@
K�iBQM �M/ K2Hi BM i?2 *1aJ@G1 +QKT�`2b r2HH rBi? i?2
Q#b2`p�iBQMb U6B;m`2 ajVX A+2 7Q`K�iBQM T2�Fb BM P+iQ#2`
�M/ B+2 K2Hi T2�Fb BM �m;mbi UT2�F Q7 B+2 7Q`K�iBQMfK2Hi
?2`2 `272`b iQ i?2 KQMi? rBi? i?2 H�`;2bi �`2� Q7 bBKmH�i2/
B+2 7Q`K�iBQMfK2Hi mbBM; aAhlVX LQi2- ?Qr2p2`- i?�i i?2
�p2`�;2 �KQmMi Q7 7Q`K�iBQM �M/ K2Hi �`2� Q#i�BM2/ 7`QK
i?2 Q#b2`p�iBQMb /Q2b MQi 7�HH rBi?BM i?2 bT`2�/ Q7 BMi2`M�H
p�`B�#BHBiv Q7 i?2 *1aJ@G1 /m`BM; i?2 KQMi?b Q7 T2�F B+2
7Q`K�iBQM �M/ K2Hi UBX2X- P+iQ#2` �M/ �m;mbi- `2bT2+iBp2HvV-
rBi? i?2 *1aJ@G1 bBKmH�iBM; iQQ HBiiH2 B+2 7Q`K�iBQM �M/
K2Hi U6B;m`2 ajVX h?2 bT�iB�H /Bbi`B#miBQMb Q7 �`2�H B+2 7Q`@
K�iBQM �M/ K2Hi �`2 �HbQ r2HH `2T`2b2Mi2/ BM i?2 *1aJ@
G1 U6B;m`2b a9 �M/ a8V /2bTBi2 bHB;?iHv H�`;2` 7`2[m2M+B2b
Q7 /2i2+i2/ 7�HH 7Q`K�iBQM �M/ bmKK2` K2Hi Qp2` i?2 T2@
`BT?2`�H b2�b 7Q` i?2 Q#b2`p�iBQMb UBM �;`22K2Mi rBi? `2bmHib
T`2b2Mi2/ BM 6B;m`2 ajVX

h?2 2t+?�M;2 Q7 i`�MbM�iBQM�H B+2 #2ir22M i?2 /Bz2`2Mi
11wb Q7 i?2 �`+iB+ bBKmH�i2/ #v i?2 *1aJ@G1 Qp2` i?2 T2@
`BQ/ Q7 RN3NĜkyy3 Bb BM ;QQ/ ;2M2`�H �;`22K2Mi rBi? Q#b2`p�@
iBQMb U6B;m`2 aeVX "Qi? i?2 Q#b2`p�iBQMb �M/ i?2 *1aJ@G1
b?Qr i?�i KQbi Q7 i?2 i`�MbM�iBQM�H B+2 7Q`K2/ BM *�M�/�
K2Hib BM i?2 la 11w- KQbi Q7 i?2 i`�MbM�iBQM�H B+2 7Q`K2/ BM
i?2 lMBi2/ ai�i2b K2Hib BM _mbbB�- �M/ KQbi Q7 i?2 _mbbB�M
i`�MbM�iBQM�H B+2 K2Hib BM LQ`r�v U6B;m`2 aec b22 �HbQ L2r@
iQM 2i �HX- kyRdVX >Qr2p2`- i?2 Q#b2`p2/ i`�MbM�iBQM�H B+2
i`�MbTQ`i Bb bHB;?iHv QmibB/2 i?2 `�M;2 Q7 BMi2`M�H p�`B�#BH@
Biv Q7 i?2 *1aJ@G1 7Q` irQ T�i?r�vb, URV B+2 7Q`KBM; BM
i?2 lMBi2/ ai�i2b �M/ K2HiBM; BM _mbbB� Bb mM/2`2biBK�i2/

1
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BM i?2 *1aJ- �M/ UkV B+2 7Q`KBM; BM _mbbB� �M/ K2HiBM; BM
LQ`r�v �M/ A+2H�M/ Bb Qp2`2biBK�i2/ BM i?2 *1aJ U6B;m`2
aeVX

h?2 bK�HH BM+QMbBbi2M+B2b BM �`2�H ~mt Q7 la B+2 iQr�`/b
_mbbB� �M/ _mbbB�M B+2 iQr�`/b LQ`r�v �M/ A+2H�M/ #2ir22M
Q#b2`p�iBQMb �M/ i?2 *1aJ@G1 /Q MQi 2ti2M/ i?`Qm;?Qmi
i?2 7mHH �`2� Q7 i?2 11w Q7 7Q`K�iBQM- #mi �`2 T`2b2Mi QMHv
BM i?2 `2;BQM /B`2+iHv mTbi`2�K Q7 i?2 11w Q7 K2Hi- 7QHHQr@
BM; i?2 ;2M2`�H �`+iB+ b2� B+2 +B`+mH�iBQM U6B;m`2 adVX 6Q`
i?2 bHB;?iHv HQr2` bBKmH�i2/ ~mt Q7 la B+2 iQr�`/b _mbbB�
#v i?2 *1aJ +QKT�`2/ iQ Q#b2`p�iBQMb U6B;m`2 aeV- i?2`2
Bb � bK�HH2` �`2� Q7 ?B;? i`�MbM�iBQM�H B+2 T`QKQiBQM T`Q#�@
#BHBiv rBi?BM i?2 la 11w +HQb2 iQ i?2 _mbbB�M #Q`/2` 7Q` i?2
*1aJ@G1 +QKT�`2/ iQ i?2 Q#b2`p�iBQMb U6B;m`2b ad�- ad#-
�M/ ad/VX h?2 bHB;?iHv ?B;?2` ~mt Q7 _mbbB�M B+2 iQr�`/b
LQ`r�v �M/ A+2H�M/ BM i?2 *1aJ@G1 U6B;m`2 aeV Bb K�BMHv
/`Bp2M #v ?B;?2` bBKmH�i2/ T`Q#�#BHBiB2b Q7 i`�MbM�iBQM�H B+2
T`QKQiBQM BM i?2 E�`� �M/ "�`2Mib a2�b i?�M r?�i Bb Q#@
b2`p2/ U6B;m`2b ad�Ĝad+VX

.Bz2`2M+2b BM i`�MbM�iBQM�H B+2 2t+?�M;2 #2ir22M i?2
*1aJ@G1 �M/ Q#b2`p�iBQMb 7Q` la B+2 K2HiBM; BM _mbbB�
�M/ _mbbB�M B+2 K2HiBM; BM LQ`r�v �M/ A+2H�M/ +�M #2 �i@
i`B#mi2/ iQ � #B�b BM i?2 bBKmH�i2/ �iKQbT?2`B+ +B`+mH�iBQM
Qp2` i?2 �`+iB+ /m`BM; i?2 B+2@+Qp2`2/ b2�bQM �M/ i?2 `2@
bmHiBM; b2� B+2 +B`+mH�iBQM �MQK�HB2bX .2_2T2MiB;Mv 2i �HX
UkyReV b?Qr2/ i?�i i?2 p�`B�#BHBiv BM rBMi2` b2�@H2p2H T`2b@
bm`2 BM i?2 *1aJ@G1 `2bmHib BM ?B;?2` b2� B+2 p2HQ+BiB2b Qz
i?2 +Q�bi Q7 _mbbB� BM i?2 E�`� �M/ "�`2Mib a2�b +QKT�`2/
iQ Q#b2`p�iBQMb- i`�MbTQ`iBM; KQ`2 B+2 �r�v 7`QK i?2 +Q�bi
�M/ BMiQ i?2 h`�MbTQH�` .`B7i ai`2�K Ub22 i?2B` 6B;m`2b e+
�M/ e/VX JQ`2Qp2`- i?2 Q#b2`p�iBQMb �`2 +?�`�+i2`Bx2/ #v
� bi`QM; +m``2Mi �HQM; i?2 +Q�bi Q7 �H�bF�- r?B+? Bb MQi
bBKmH�i2/ BM i?2 v2�`b Q7 HQr rBMi2` b2�@H2p2H T`2bbm`2 BM
i?2 *1aJ@G1 Ub22 i?2B` 6B;m`2b e� �M/ e#VX �b QM2 rQmH/
2tT2+i- b2� B+2 KQiBQM- �M/ +QMb2[m2MiHv i`�MbM�iBQM�H B+2
2t+?�M;2- Bb BMiBK�i2Hv HBMF2/ iQ i?2 �iKQbT?2`B+ +B`+mH�iBQM
Qp2` i?2 �`+iB+ i?�i /`Bp2b i?2 b2� B+2X

References

.2_2T2MiB;Mv- SX- h`2K#H�v- GX "X- L2riQM- _X- �
S}`K�M- aX UkyReVX S�ii2`Mb Q7 a2� A+2 _2i`2�i
BM i?2 h`�MbBiBQM iQ � a2�bQM�HHv A+2@6`22 �`+@
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.�i� _2+Q`/ Q7 S�bbBp2 JB+`Qr�p2 a2� A+2 *QM@
+2Mi`�iBQM- o2`bBQM j _2pBbBQM R (KQMi?Hv �p2`@
�;2b 7`QK C�Mm�`v RN3N iQ .2+2K#2` kyy3)X L�@
iBQM�H aMQr �M/ A+2 .�i� *2Mi2`- "QmH/2`- *QH@
Q`�/Q- la�- �++2bb2/ CmHv kyR3X /QB, ?iiTb,ff
/QBXQ`;fRyXdke8fL8NSkwh:

L2riQM- _X- S}`K�M- aX- h`2K#H�v- "X- � .2_2@
T2MiB;Mv- SX UkyRdVX AM+`2�bBM; i`�MbM�iBQM�H b2�@
B+2 2t+?�M;2 BM � +?�M;BM; �`+iB+ P+2�MX 1�`i?Ƕb
6mim`2- 8UeV- ejjĜe9dX /QB, ?iiTb,ff/QBXQ`;fRy
XRyykfkyRe16yyy8yy

S2M;- :X- J2B2`- qX- a+Qii- .X- � a�pQB2- JX UkyRjVX
� HQM;@i2`K �M/ `2T`Q/m+B#H2 T�bbBp2 KB+`Qr�p2
b2� B+2 +QM+2Mi`�iBQM /�i� `2+Q`/ 7Q` +HBK�i2 bim/@
B2b �M/ KQMBiQ`BM;X 1�`i? avbi2K a+B2M+2 .�i�-
8UkV- jRRĜjR3X /QB, ?iiTb,ff/QBXQ`;fRyX8RN9f2bb/
@8@jRR@kyRj

hb+?m/B- JX- 6QrH2`- *X- J�bH�MBF- CX- ai2r�`i- CX aX-
� J2B2`- qX UkyReVX SQH�` S�i?}M/2` .�BHv k8
FK 1�a1@:`B/ a2� A+2 JQiBQM o2+iQ`b- o2`bBQM j
(KQMi?Hv �p2`�;2b 7`QK C�Mm�`v RN3N iQ .2+2K@
#2` kyy3)X L�a� L�iBQM�H aMQr �M/ A+2 .�i�
*2Mi2` .Bbi`B#mi2/ �+iBp2 �`+?Bp2 *2Mi2`- "QmH@
/2`- *QHQ`�/Q- la�- �++2bb2/ J�`+? kyReX /QB,
?iiT,ff/tX/QBXQ`;fRyX8yedfP8do�Ahk�uuu
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(a) 1990-2005 (b) 1990-2005

(c) 2026-2035 (d) 2026-2035

(e) 2071-2080 (f) 2071-2080

6B;m`2 aR, �MMm�H +v+H2 Q7 B+2 7Q`K�iBQM U�- +- 2V �M/ K2Hi U#- /- 7V Qp2` i?2 T2`BQ/b Q7 RNNyĜkyy8 U�- #V- kykeĜkyj8 U+- /V
�M/ kydRĜky3y U2- 7V 7Q` i?2 }`bi j8 K2K#2`b Q7 i?2 *1aJ@G1 mbBM; � KQMi?Hv U#m`;mM/vV �M/ r22FHv UHB;?i #Hm2V iBK2
`2bQHmiBQMbX PMHv B+2 ~Q2b i?�i 7Q`K2/ �M/ K2Hi2/ #2ir22M i?2 bT2+B}2/ iBK2 T2`BQ/b �`2 +QMbB/2`2/X LQi2 i?�i bQK2 Q7
i?2 /Bz2`2M+2b #2ir22M i?2 r22FHv �M/ KQMi?Hv iBK2 `2bQHmiBQM +�M #2 �ii`B#mi2/ iQ i?2 r�v r22Fb �`2 /Bbi`B#mi2/ BMiQ
KQMi?b �b 2p2`v KQMi? +QMi�BMb 2Bi?2` kN- jy Q` jR /�vb �M/ i?mb �Hr�vb BM+Hm/2b T�`i Q7 � r22FX
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(a) Monthly: 1990-2005 (b) Weekly: 1990-2005

(c) Monthly: 2026-2035 (d) Weekly: 2026-2035

(e) Monthly: 2071-2080 (f) Weekly: 2071-2080

6B;m`2 ak, �MMm�H K2�M �p2`�;2 �`2�H ~mt Q7 i`�MbM�iBQM�H B+2 7Q` i?2 *1aJ@G1 Qp2` i?2 T2`BQ/b Q7 RNNyĜkyy8 U�- #V-
kykeĜkyj8 U+- /V �M/ kydRĜky3y U2- 7V mbBM; � KQMi?Hv U�- +- 2V �M/ r22FHv U#- /- 7V iBK2 `2bQHmiBQMbX h?2 ?2B;?i Q7 2�+?
+QHQ`2/ TQ`iBQM rBi?BM QM2 #�` `2T`2b2Mib i?2 �MMm�H K2�M �`2�H ~mt Q7 B+2 #2ir22M i?2 11w Q7 7Q`K�iBQM Ut �tBbV �M/ i?2
11w Q7 K2Hi U+QHQ`VX LQi2 i?�i /QK2biB+ B+2 Bb MQi BM+Hm/2/ BM i?Bb };m`2 BM Q`/2` iQ 7Q+mb QM i?2 72�im`2b Q7 i`�MbM�iBQM�H
B+2 2t+?�M;2X
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(a)

(b)

6B;m`2 aj, �MMm�H +v+H2 Q7 K2�M �`2�H B+2 7Q`K�iBQM U�V �M/ K2Hi U#V BM i?2 Q#b2`p�iBQMb U;`22MV �M/ i?2 *1aJ@G1 U#Hm2V
7Q` i?2 T2`BQ/ Q7 RN3NĜkyy3X h?2 2``Q` #�`b b?Qr i?2 K�tBKmK �M/ KBMBKmK ky@v2�` �p2`�;2/ 7Q`K�iBQMfK2Hi �`2� 7Q`
2�+? KQMi? �+`Qbb i?2 9y 2Mb2K#H2 K2K#2`b Q7 i?2 *1aJ@G1- b?QrBM; i?2 `�M;2 Q7 BMi2`M�H p�`B�#BHBiv 7Q` i?Bb 2Mb2K#H2X
PMHv B+2 ~Q2b i?�i 7Q`K2/ �M/ K2Hi2/ #2ir22M RN3NĜkyy3 �`2 +QMbB/2`2/X LQi2 i?�i i?2 p�Hm2b b?QrM ?2`2 �`2 MQi K2�Mi
iQ `2T`2b2Mi i?2 �+im�H �KQmMi Q7 B+2 i?�i 7Q`Kb �M/ K2Hib BM i?2 �`+iB+ 2p2`v v2�`- #mi `�i?2` i?2 �`2� Q7 B+2 7Q`K�iBQM
�M/ K2Hi r2 Q#i�BM 7`QK aAhl Ub22 b2+iBQM kXkVX
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(a) (b)

(c) (d)

6B;m`2 a9, �p2`�;2 MmK#2` Q7 B+2 7Q`K�iBQM 2p2Mib T2` v2�` BM 7�HH UaPLV U�- +V �M/ rBMi2` U.C6V U#- /V Qp2` i?2 T2`BQ/
Q7 RN3NĜkyy3 7Q` #Qi? Q#b2`p�iBQMb U�- #V �M/ i?2 *1aJ@G1 U+- /VX h?2 #Q`/2`b Q7 i?2 11wb �`2 BM/B+�i2/ #v `2/ HBM2bX
PMHv B+2 ~Q2b i?�i 7Q`K2/ �M/ K2Hi2/ #2ir22M RN3NĜkyy3 �`2 +QMbB/2`2/X
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(a) (b)

(c) (d)

6B;m`2 a8, �b BM 6B;m`2 a9- #mi 7Q` i?2 �p2`�;2 MmK#2` Q7 B+2 K2Hi 2p2Mib T2` v2�` BM bmKK2` UCC�V U�- +V �M/ 7�HH UaPLV
U#- /VX
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CAN USA RUS NOR GRN CNT

EEZ of Formation
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6B;m`2 ae, �MMm�H K2�M �`2�H i`�MbM�iBQM�H B+2 ~mt 7Q` i?2 Q#b2`p�iBQMb UrB/2 #�`V �M/ �MMm�H K2�M KBMBKmK UH27i M�``Qr
#�`V- �p2`�;2 UKB//H2 M�``Qr #�`V �M/ K�tBKmK U`B;?i M�``Qr #�`V �`2�H i`�MbM�iBQM�H B+2 ~mt 7Q` i?2 9y K2K#2`b Q7 i?2
*1aJ@G1 7Q` i?2 T2`BQ/ Q7 RN3NĜkyy3X h?2 ?2B;?i Q7 2�+? +QHQ`2/ TQ`iBQM rBi?BM QM2 #�` `2T`2b2Mib i?2 �MMm�H K2�M
�`2�H ~mt Q7 B+2 #2ir22M i?2 11w Q7 7Q`K�iBQM Ut �tBbV �M/ i?2 11w Q7 K2Hi U+QHQ`VX h?2 *1aJ@G1 Bb +QMbBbi2Mi rBi? i?2
Q#b2`p�iBQMb r?2M i?2 Q#b2`p2/ p�Hm2 7Q` 2�+? T�i?r�v HB2b #2ir22M i?2 `�M;2 Q7 i?2 *1aJ@G1 UKBMBKmK iQ K�tBKmKVX
LQi2 i?�i /QK2biB+ B+2 Bb MQi BM+Hm/2/ BM i?Bb };m`2 BM Q`/2` iQ 7Q+mb QM i?2 72�im`2b Q7 i`�MbM�iBQM�H B+2 2t+?�M;2X
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(a) Obs (b) CESM-LE

(c) CESM-LE
- 1 std

(d) CESM-LE
+ 1 std

6B;m`2 ad, S`Q#�#BHBiv Q7 i`�MbM�iBQM�H B+2 T`QKQiBQM 7Q` Q#b2`p�iBQMb U�V- i?2 2Mb2K#H2 K2�M Q7 i?2 *1aJ@G1 U#V �b
r2HH �b i?2 2Mb2K#H2 K2�M ± QM2 bi�M/�`/ /2pB�iBQM 7Q` i?2 *1aJ@G1 U+- /V Qp2` i?2 T2`BQ/ Q7 RN3NĜkyy3X h?2 +QHQ`
`2T`2b2Mib i?2 T`Q#�#BHBiv i?�i �M B+2 T�`+2H 7Q`KBM; �i 2�+? ;`B/ +2HH ;2ib T`QKQi2/ 7`QK /QK2biB+ B+2 iQ i`�MbM�iBQM�H
B+2X h?2 #Q`/2`b Q7 i?2 11wb �`2 BM/B+�i2/ #v `2/ HBM2bX LQi2 i?�i i?2 T`Q#�#BHBiv Bb +�H+mH�i2/ 7Q` 2�+? ;`B/ +2HH BM r?B+?
�i H2�bi QM2 B+2 T�`+2H 7Q`Kb �M/ i?mb ;Bp2b MQ BM/B+�iBQM Q7 ?Qr K�Mv B+2 T�`+2Hb �`2 +QMbB/2`2/ BM i?2 +�H+mH�iBQMX
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h�#H2 aR, �MMm�H K2�M �p2`�;2 �`2�H ~mt Q7 B+2 2t+?�M;2/ #2ir22M �HH 11wb 7Q` i?2 *1aJ@G1 Qp2` i?2 i?`22 iBK2 T2`BQ/bX
h?2 11w Q7 7Q`K�iBQM Bb BM/B+�i2/ BM i?2 }`bi +QHmKM �M/ i?2 11w Q7 K2Hi BM i?2 }`bi `QrX �HH MmK#2`b �`2 BM FK2fv2�`X
h?2 H�bi +QHmKM +QMi�BMb i?2 iQi�H �MMm�H K2�M �p2`�;2 �`2�H ~mt Q7 B+2 7Q`K2/ BM 2�+? 11w- QMHv +QMbB/2`BM; B+2 ~Q2b
i?�i K2Hi2/ #27Q`2 i?2 2M/ Q7 i?2 iBK2 T2`BQ/X h?2 MmK#2`b BM #QH/ ?B;?HB;?i i?2 T�i?r�vb i?�i �`2 bi�iBbiB+�HHv /Bz2`2Mi
#2ir22M i?2 *1aJ@G1 �M/ i?2 *1aJ@Gq Qp2` � b�K2 iBK2 T2`BQ/ �i i?2 N8W +QM}/2M+2 H2p2H mbBM; � i@i2biX
6`QKfhQ *�M�/� la� _mbbB� LQ`r�v A+2H�M/ :`22MH�M/ *2Mi`�H hQi�H

RN3RĜkyyy
*�M�/� jN-9ke jk-d9R j-Rdd jk kR3 Ne ejR de-jkR
la� j-eRe 9N-y3j Ne-9yk 89e 9-kjk R-999 9-R39 R8N-8yd
_mbbB� R-ej8 9-Nyy 8ej-9N9 jy8-djy RRk-R8N ey-3k8 k-kRd R-y8y-Ney
LQ`r�v y y edd Ry3-djj k-jjR R-kkj y RRk-Ne9
:`22MH�M/ y y y 9 RRj jR y R93
*2Mi`�H Rej 3yk N-yke kNk R-838 83R Nj9 Rj-j3j

kyjRĜky8y
*�M�/� Ryd-8ee Rk3-NN3 k8-Nke 99R R-8ej 9-388 ek-y9N jjR-jN3
la� e-kNd Ry8-3yN Rde-393 y y y j9-eRj jkj-8ed
_mbbB� RR-93y Ry-R33 R-8Nd-NRR j38-eyR jd-8kR Rkk-dR8 98k-jjN k-eRd-d88
LQ`r�v Ry y djd Rj8-RNe jj-RNR jR-9d8 R3 kyy-ekd
:`22MH�M/ d3N RR 3 Ry-3kj 9R-ky8 kd-Rk3 8R 3y-yR8
*2Mi`�H R39-Rd8 8k-N8j j8k-dyR eN-Re3 3R-8Rj RN9-9N3 3jj-d8k R-de3-dey

ky3RĜkRyy
*�M�/� jkd-jN8 RR9-3dd jj-dRe j-kyN Rd8 dy-9kd Ryk-3Ry e8k-eyN
la� e-d9k ee-eR9 R39-edR y y y ey-ej3 jR3-ee8
_mbbB� k-9N8 Rj-j9e R-9kN-eNR Rek-NkN 9 9y-ejR e89-e3R k-jyj-ddd
LQ`r�v N y R-eNk NR-jkj R-jjR j3-9Re 3kR Rjj-8Nk
:`22MH�M/ d-9je y e9 9R-393 Rj-ke3 Rdd-Rk3 eyj k9y-j9d
*2Mi`�H 9jd-ddj Rd-99R k8y-k3N RRR-y3y 9Ry jRy-NNj R-jey-R8k k-933-Rj3
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h�#H2 ak, �b BM h�#H2 aR- #mi 7Q` i?2 *1aJ@Gq �M/ 7Q` i?2 iBK2 T2`BQ/b Q7 kyjRĜky8y �M/ ky3RĜkRyy QMHvX
6`QKfhQ *�M�/� la� _mbbB� LQ`r�v A+2H�M/ :`22MH�M/ *2Mi`�H hQi�H

kyjRĜky8y
*�M�/� ed-3j8 RRe-d39 k3-Nj3 N 9yR 9kj j3-8e3 k8k-N83
la� 9-Rj9 Ryk-3k9 R3R-ydd j k3 ky ky-8N9 jy3-e3y
_mbbB� Rd-kk9 Rj-jRy R-8kN-d99 9Re-Ney dj-jyR Rjd-e8e jRR-88d k-9NN-d8k
LQ`r�v y y NR3 Rjd-ekk kN-99N k9-99e y RNk-9j8
:`22MH�M/ Nd y y 9-8ey k8-3Ry N-Nyj y 9y-jdy
*2Mi`�H N8-ejR 8j-e8j j8d-39N 9y-NyN d3-kyd RRd-RNj 89y-9Rk R-k3j-389

ky3RĜkRyy
*�M�/� 39-8N9 RjN-eRe 9R-dyk 38 R-R8j k-kyd ed-y3y jje-9jd
la� j-339 N8-8yy RNe-R8j y y y k8-kkd jky-de9
_mbbB� Re-yye 3-88R R-eyy-d8e j3e-NN9 j3-yyN R8j-8ke 9k3-8ke k-ejk-je3
LQ`r�v 8R y djN Rjy-j83 j3-388 j8-8e8 y ky8-8e3
:`22MH�M/ R-jyd Rk8 e 3-NeN 8R-ej9 k9-N8k 8d 3d-y8y
*2Mi`�H RNk-j9N 88-3kd 9RR-edy 8j-jjk 39-y3k R3N-jk9 3Rj-9kj R-3yy-yyd
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2.2T�`iK2Mi Q7 �iKQbT?2`B+ �M/ P+2�MB+ a+B2M+2b- J+:BHH lMBp2`bBiv- JQMi`2�H- Zm2#2+- *�M�/�X
3G�KQMi@.Q?2`iv 1�`i? P#b2`p�iQ`v- *QHmK#B� lMBp2`bBiv- S�HBb�/2b- L2r uQ`F- la�X

4a+?QQH Q7 ambi�BM�#BHBiv- �`BxQM� ai�i2 lMBp2`bBiv- h2KT2- �`BxQM�- la�X

*Q``2bTQM/BM; �mi?Q`, SX .2_2T2MiB;Mv- .2T�`iK2Mi Q7 �iKQbT?2`B+ �M/ P+2�MB+ a+B2M+2b- lMBp2`bBiv Q7 *QH@
Q`�/Q "QmH/2`- jRR l*"- "QmH/2`- *P 3yjyN- la�X UT�i`B+B�X/2`2T2MiB;Mv!+QHQ`�/QX2/mV

*QMi2Mib Q7 i?Bb }H2
RX h2ti aR iQ ak
kX 6B;m`2b aR iQ ad
jX h�#H2b aR iQ ak

h2ti aRX P#b2`p�iBQM�H .�i�b2ib
h?2 L�iBQM�H aMQr �M/ A+2 .�i� *2Mi2`Ƕb ULaA.*V SQ@

H�` S�i?}M/2` T`QD2+i T`QpB/2b b2� B+2 KQiBQM p2+iQ`b QM
i?2 k8 FK 1�a1@:`B/ 7`QK i?2 #2;BMMBM; Q7 TQH�`@Q`#BiBM;
b�i2HHBi2 Q#b2`p�iBQMb BM LQp2K#2` RNd3 iQ kyRd Uhb+?m/B 2i
�HX- kyReVX h?Bb ;`B//2/ T`Q/m+i Bb /2`Bp2/ i?`Qm;? QTiBK�H
BMi2`TQH�iBQM Q7 Q#b2`p�iBQMb 7`QK i?2 AMi2`M�iBQM�H �`+iB+
"mQv S`Q;`�K UA�"SV- �b r2HH �b i?2 a+�MMBM; JmHiB+?�M@
M2H JB+`Qr�p2 _�/BQK2i2` UaJJ_V- i?2 aT2+B�H a2MbQ` JB@
+`Qr�p2 AK�;2` UaaJfAV- i?2 aT2+B�H a2MbQ` JB+`Qr�p2 AK@
�;2` aQmM/2` UaaJAaV- i?2 �/p�M+2/ JB+`Qr�p2 a+�MMBM;
_�/BQK2i2` @ 1�`i? P#b2`pBM; avbi2K U�Ja_@1V �M/ i?2
�/p�M+2/ o2`v >B;? _2bQHmiBQM _�/BQK2i2` U�o>__V b2M@
bQ`bX Ai Bb +QKTH2K2Mi2/ rBi? 7`22 /`B7i 2biBK�i2b /2`Bp2/
7`QK Ry K rBM/b T`QpB/2/ #v i?2 L�iBQM�H *2Mi2`b 7Q` 1M@
pB`QMK2Mi�H S`2/B+iBQM �M/ i?2 L�iBQM�H *2Mi2` 7Q` �iKQ@
bT?2`B+ _2b2�`+? UL*1SfL*�_V `2�M�HvbBb /�i�b2i r?2`2
MQ Q#b2`p�iBQMb r2`2 �p�BH�#H2X q2 �HbQ mb2 b2� B+2 +QM+2M@
i`�iBQM /�i� /2`Bp2/ 7`QK T�bbBp2 KB+`Qr�p2 #`B;?iM2bb i2K@
T2`�im`2 7`QK i?2 L�iBQM�H P+2�MB+ �M/ �iKQbT?2`B+ �/@
KBMBbi`�iBQM ULP��VfLaA.* *HBK�i2 .�i� _2+Q`/ UJ2B2`
2i �HX- kyRdc S2M; 2i �HX- kyRjVX Ai Bb � T`Q/m+i Q7 /Bz2`@
2Mi �H;Q`Bi?Kb mb2/ iQ +QK#BM2 Q#b2`p�iBQMb K�/2 #v i?2
aJJ_- aaJfA �M/ aaJAa b2MbQ`b- �p�BH�#H2 7`QK H�i2 RNd3
iQ kyRdX

h?2 SQH�` S�i?}M/2` �M/ *HBK�i2 .�i� _2+Q`/ /�i�b2ib
r2`2 T`2pBQmbHv mb2/ BM L2riQM- S}`K�M- h`2K#H�v- �M/
.2_2T2MiB;Mv UkyRdV- r?2`2 � bBKBH�` �M�HvbBb Q7 i`�MbM�@
iBQM�H B+2 2t+?�M;2 Qp2` i?2 Q#b2`p�iBQM�H T2`BQ/ r�b T2`@
7Q`K2/X L2riQM 2i �HX UkyRdV mb2/ � r22FHv iBK2 `2bQHmiBQM
r?BH2 r2 ?2`2 mb2 � KQMi?Hv `2bQHmiBQM iQ �HHQr 7Q` � /B@
`2+i +QKT�`BbQM rBi? KQ/2H /�i�- r?B+? Bb QMHv �p�BH�#H2
�i � KQMi?Hv `2bQHmiBQM 7Q` QM2 Q7 i?2 irQ 7Q`+BM; b+2M�`BQb
�M�Hvx2/ ?2`2 Ub22 b2+iBQM kXRVX h?2 `2/m+iBQM Q7 i2KTQ`�H
`2bQHmiBQM 7`QK r22FHv iQ KQMi?Hv ?�b #22M b?QrM iQ H2�/ iQ
�M BM+`2�b2 Q7 i?2 2``Q` BM /`B7i /Bbi�M+2 r?2M +QKT�`2/ iQ
#mQv /�i� #v �TT`QtBK�i2Hv 98 FK UH2bb i?�M irQ ;`B/ +2HHbV
�7i2` � v2�` Q7 i`�+FBM; r?2M mbBM; i?2 B+2 i`�+FBM; bvbi2K
U.2_2T2MiB;Mv 2i �HX- kyReVX AM i?2 +QMi2ti Q7 i?Bb bim/v- r2
}M/ i?�i i?2 ~mt Q7 i`�MbM�iBQM�H B+2 Bb `2/m+2/ bHB;?iHv iQ@
r�`/b i?2 2M/ Q7 i?2 kRbi +2Mim`v 7Q` KQbi T�i?r�vb r?2M

;QBM; 7`QK � KQMi?Hv iQ � r22FHv `2bQHmiBQM U6B;m`2 akVX
>Qr2p2`- MQM2 Q7 i?2 +QM+HmbBQMb 7`QK i?Bb bim/v �`2 �7@
72+i2/ #v i?2 +?�M;2 BM iBK2 `2bQHmiBQM 7`QK KQMi?Hv iQ
r22FHvX

�HH Q#b2`p�iBQM�H �M�Hvb2b T`2b2Mi2/ ?2`2 mb2 b�i2HHBi2@
/2`Bp2/ b2� B+2 p2HQ+Biv �M/ +QM+2Mi`�iBQM #2ir22M C�Mm�`v
RN3N �M/ .2+2K#2` kyy3X q2 #2;BM i?2 �M�HvbBb BM RN3N iQ
�pQB/ 2�`HB2` b�i2HHBi2@#�b2/ /`B7i p2+iQ`b- #�b2/ QM `2i`B2p�Hb
7`QK i?2 `2H�iBp2Hv HQr@`2bQHmiBQM aJJ_ b2MbQ`- i?�i 2t@
?B#Bi � HQr #B�b BM b2� B+2 p2HQ+Biv +QKT�`2/ iQ +Q@HQ+�i2/
#mQv /�i� U"`mMQ h`2K#H�v- _Q#2`i L2riQM �M/ *?�`H2b
"`mM2ii2- T2`bQM�H +QKKmMB+�iBQM- J�v Re- kyRNVX *QK@
T�`BbQM #2ir22M Q#b2`p�iBQMb �M/ KQ/2H /�i� T`2b2Mi2/ BM
b2+iBQM ak Bb i?2`27Q`2 /QM2 Qp2` i?2 ky@v2�` T2`BQ/ Q7 RN3NĜ
kyy3X

h2ti akX *QKT�`BbQM Q7 i?2 *1aJ rBi? P#b2`p�@
iBQMb

hQ T`QpB/2 �M �bb2bbK2Mi Q7 i?2 T2`7Q`K�M+2 Q7 i?2
*1aJ BM bBKmH�iBM; b2� B+2 i`�MbTQ`i #2ir22M i?2 /Bz2`2Mi
11wb Q7 i?2 �`+iB+- r2 +QKT�`2 *1aJ `2bmHib iQ `2bmHib
7`QK aAhl mbBM; b�i2HHBi2 Q#b2`p�iBQMb 7`QK i?2 T2`BQ/ Q7
RN3N iQ kyy3X q2 }M/ i?�i i?2 �MMm�H +v+H2 Q7 �`2�H B+2 7Q`@
K�iBQM �M/ K2Hi BM i?2 *1aJ@G1 +QKT�`2b r2HH rBi? i?2
Q#b2`p�iBQMb U6B;m`2 ajVX A+2 7Q`K�iBQM T2�Fb BM P+iQ#2`
�M/ B+2 K2Hi T2�Fb BM �m;mbi UT2�F Q7 B+2 7Q`K�iBQMfK2Hi
?2`2 `272`b iQ i?2 KQMi? rBi? i?2 H�`;2bi �`2� Q7 bBKmH�i2/
B+2 7Q`K�iBQMfK2Hi mbBM; aAhlVX LQi2- ?Qr2p2`- i?�i i?2
�p2`�;2 �KQmMi Q7 7Q`K�iBQM �M/ K2Hi �`2� Q#i�BM2/ 7`QK
i?2 Q#b2`p�iBQMb /Q2b MQi 7�HH rBi?BM i?2 bT`2�/ Q7 BMi2`M�H
p�`B�#BHBiv Q7 i?2 *1aJ@G1 /m`BM; i?2 KQMi?b Q7 T2�F B+2
7Q`K�iBQM �M/ K2Hi UBX2X- P+iQ#2` �M/ �m;mbi- `2bT2+iBp2HvV-
rBi? i?2 *1aJ@G1 bBKmH�iBM; iQQ HBiiH2 B+2 7Q`K�iBQM �M/
K2Hi U6B;m`2 ajVX h?2 bT�iB�H /Bbi`B#miBQMb Q7 �`2�H B+2 7Q`@
K�iBQM �M/ K2Hi �`2 �HbQ r2HH `2T`2b2Mi2/ BM i?2 *1aJ@
G1 U6B;m`2b a9 �M/ a8V /2bTBi2 bHB;?iHv H�`;2` 7`2[m2M+B2b
Q7 /2i2+i2/ 7�HH 7Q`K�iBQM �M/ bmKK2` K2Hi Qp2` i?2 T2@
`BT?2`�H b2�b 7Q` i?2 Q#b2`p�iBQMb UBM �;`22K2Mi rBi? `2bmHib
T`2b2Mi2/ BM 6B;m`2 ajVX

h?2 2t+?�M;2 Q7 i`�MbM�iBQM�H B+2 #2ir22M i?2 /Bz2`2Mi
11wb Q7 i?2 �`+iB+ bBKmH�i2/ #v i?2 *1aJ@G1 Qp2` i?2 T2@
`BQ/ Q7 RN3NĜkyy3 Bb BM ;QQ/ ;2M2`�H �;`22K2Mi rBi? Q#b2`p�@
iBQMb U6B;m`2 aeVX "Qi? i?2 Q#b2`p�iBQMb �M/ i?2 *1aJ@G1
b?Qr i?�i KQbi Q7 i?2 i`�MbM�iBQM�H B+2 7Q`K2/ BM *�M�/�
K2Hib BM i?2 la 11w- KQbi Q7 i?2 i`�MbM�iBQM�H B+2 7Q`K2/ BM
i?2 lMBi2/ ai�i2b K2Hib BM _mbbB�- �M/ KQbi Q7 i?2 _mbbB�M
i`�MbM�iBQM�H B+2 K2Hib BM LQ`r�v U6B;m`2 aec b22 �HbQ L2r@
iQM 2i �HX- kyRdVX >Qr2p2`- i?2 Q#b2`p2/ i`�MbM�iBQM�H B+2
i`�MbTQ`i Bb bHB;?iHv QmibB/2 i?2 `�M;2 Q7 BMi2`M�H p�`B�#BH@
Biv Q7 i?2 *1aJ@G1 7Q` irQ T�i?r�vb, URV B+2 7Q`KBM; BM
i?2 lMBi2/ ai�i2b �M/ K2HiBM; BM _mbbB� Bb mM/2`2biBK�i2/

1
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BM i?2 *1aJ- �M/ UkV B+2 7Q`KBM; BM _mbbB� �M/ K2HiBM; BM
LQ`r�v �M/ A+2H�M/ Bb Qp2`2biBK�i2/ BM i?2 *1aJ U6B;m`2
aeVX

h?2 bK�HH BM+QMbBbi2M+B2b BM �`2�H ~mt Q7 la B+2 iQr�`/b
_mbbB� �M/ _mbbB�M B+2 iQr�`/b LQ`r�v �M/ A+2H�M/ #2ir22M
Q#b2`p�iBQMb �M/ i?2 *1aJ@G1 /Q MQi 2ti2M/ i?`Qm;?Qmi
i?2 7mHH �`2� Q7 i?2 11w Q7 7Q`K�iBQM- #mi �`2 T`2b2Mi QMHv
BM i?2 `2;BQM /B`2+iHv mTbi`2�K Q7 i?2 11w Q7 K2Hi- 7QHHQr@
BM; i?2 ;2M2`�H �`+iB+ b2� B+2 +B`+mH�iBQM U6B;m`2 adVX 6Q`
i?2 bHB;?iHv HQr2` bBKmH�i2/ ~mt Q7 la B+2 iQr�`/b _mbbB�
#v i?2 *1aJ +QKT�`2/ iQ Q#b2`p�iBQMb U6B;m`2 aeV- i?2`2
Bb � bK�HH2` �`2� Q7 ?B;? i`�MbM�iBQM�H B+2 T`QKQiBQM T`Q#�@
#BHBiv rBi?BM i?2 la 11w +HQb2 iQ i?2 _mbbB�M #Q`/2` 7Q` i?2
*1aJ@G1 +QKT�`2/ iQ i?2 Q#b2`p�iBQMb U6B;m`2b ad�- ad#-
�M/ ad/VX h?2 bHB;?iHv ?B;?2` ~mt Q7 _mbbB�M B+2 iQr�`/b
LQ`r�v �M/ A+2H�M/ BM i?2 *1aJ@G1 U6B;m`2 aeV Bb K�BMHv
/`Bp2M #v ?B;?2` bBKmH�i2/ T`Q#�#BHBiB2b Q7 i`�MbM�iBQM�H B+2
T`QKQiBQM BM i?2 E�`� �M/ "�`2Mib a2�b i?�M r?�i Bb Q#@
b2`p2/ U6B;m`2b ad�Ĝad+VX

.Bz2`2M+2b BM i`�MbM�iBQM�H B+2 2t+?�M;2 #2ir22M i?2
*1aJ@G1 �M/ Q#b2`p�iBQMb 7Q` la B+2 K2HiBM; BM _mbbB�
�M/ _mbbB�M B+2 K2HiBM; BM LQ`r�v �M/ A+2H�M/ +�M #2 �i@
i`B#mi2/ iQ � #B�b BM i?2 bBKmH�i2/ �iKQbT?2`B+ +B`+mH�iBQM
Qp2` i?2 �`+iB+ /m`BM; i?2 B+2@+Qp2`2/ b2�bQM �M/ i?2 `2@
bmHiBM; b2� B+2 +B`+mH�iBQM �MQK�HB2bX .2_2T2MiB;Mv 2i �HX
UkyReV b?Qr2/ i?�i i?2 p�`B�#BHBiv BM rBMi2` b2�@H2p2H T`2b@
bm`2 BM i?2 *1aJ@G1 `2bmHib BM ?B;?2` b2� B+2 p2HQ+BiB2b Qz
i?2 +Q�bi Q7 _mbbB� BM i?2 E�`� �M/ "�`2Mib a2�b +QKT�`2/
iQ Q#b2`p�iBQMb- i`�MbTQ`iBM; KQ`2 B+2 �r�v 7`QK i?2 +Q�bi
�M/ BMiQ i?2 h`�MbTQH�` .`B7i ai`2�K Ub22 i?2B` 6B;m`2b e+
�M/ e/VX JQ`2Qp2`- i?2 Q#b2`p�iBQMb �`2 +?�`�+i2`Bx2/ #v
� bi`QM; +m``2Mi �HQM; i?2 +Q�bi Q7 �H�bF�- r?B+? Bb MQi
bBKmH�i2/ BM i?2 v2�`b Q7 HQr rBMi2` b2�@H2p2H T`2bbm`2 BM
i?2 *1aJ@G1 Ub22 i?2B` 6B;m`2b e� �M/ e#VX �b QM2 rQmH/
2tT2+i- b2� B+2 KQiBQM- �M/ +QMb2[m2MiHv i`�MbM�iBQM�H B+2
2t+?�M;2- Bb BMiBK�i2Hv HBMF2/ iQ i?2 �iKQbT?2`B+ +B`+mH�iBQM
Qp2` i?2 �`+iB+ i?�i /`Bp2b i?2 b2� B+2X
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.�i� _2+Q`/ Q7 S�bbBp2 JB+`Qr�p2 a2� A+2 *QM@
+2Mi`�iBQM- o2`bBQM j _2pBbBQM R (KQMi?Hv �p2`@
�;2b 7`QK C�Mm�`v RN3N iQ .2+2K#2` kyy3)X L�@
iBQM�H aMQr �M/ A+2 .�i� *2Mi2`- "QmH/2`- *QH@
Q`�/Q- la�- �++2bb2/ CmHv kyR3X /QB, ?iiTb,ff
/QBXQ`;fRyXdke8fL8NSkwh:

L2riQM- _X- S}`K�M- aX- h`2K#H�v- "X- � .2_2@
T2MiB;Mv- SX UkyRdVX AM+`2�bBM; i`�MbM�iBQM�H b2�@
B+2 2t+?�M;2 BM � +?�M;BM; �`+iB+ P+2�MX 1�`i?Ƕb
6mim`2- 8UeV- ejjĜe9dX /QB, ?iiTb,ff/QBXQ`;fRy
XRyykfkyRe16yyy8yy

S2M;- :X- J2B2`- qX- a+Qii- .X- � a�pQB2- JX UkyRjVX
� HQM;@i2`K �M/ `2T`Q/m+B#H2 T�bbBp2 KB+`Qr�p2
b2� B+2 +QM+2Mi`�iBQM /�i� `2+Q`/ 7Q` +HBK�i2 bim/@
B2b �M/ KQMBiQ`BM;X 1�`i? avbi2K a+B2M+2 .�i�-
8UkV- jRRĜjR3X /QB, ?iiTb,ff/QBXQ`;fRyX8RN9f2bb/
@8@jRR@kyRj

hb+?m/B- JX- 6QrH2`- *X- J�bH�MBF- CX- ai2r�`i- CX aX-
� J2B2`- qX UkyReVX SQH�` S�i?}M/2` .�BHv k8
FK 1�a1@:`B/ a2� A+2 JQiBQM o2+iQ`b- o2`bBQM j
(KQMi?Hv �p2`�;2b 7`QK C�Mm�`v RN3N iQ .2+2K@
#2` kyy3)X L�a� L�iBQM�H aMQr �M/ A+2 .�i�
*2Mi2` .Bbi`B#mi2/ �+iBp2 �`+?Bp2 *2Mi2`- "QmH@
/2`- *QHQ`�/Q- la�- �++2bb2/ J�`+? kyReX /QB,
?iiT,ff/tX/QBXQ`;fRyX8yedfP8do�Ahk�uuu
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(a) 1990-2005 (b) 1990-2005

(c) 2026-2035 (d) 2026-2035

(e) 2071-2080 (f) 2071-2080

6B;m`2 aR, �MMm�H +v+H2 Q7 B+2 7Q`K�iBQM U�- +- 2V �M/ K2Hi U#- /- 7V Qp2` i?2 T2`BQ/b Q7 RNNyĜkyy8 U�- #V- kykeĜkyj8 U+- /V
�M/ kydRĜky3y U2- 7V 7Q` i?2 }`bi j8 K2K#2`b Q7 i?2 *1aJ@G1 mbBM; � KQMi?Hv U#m`;mM/vV �M/ r22FHv UHB;?i #Hm2V iBK2
`2bQHmiBQMbX PMHv B+2 ~Q2b i?�i 7Q`K2/ �M/ K2Hi2/ #2ir22M i?2 bT2+B}2/ iBK2 T2`BQ/b �`2 +QMbB/2`2/X LQi2 i?�i bQK2 Q7
i?2 /Bz2`2M+2b #2ir22M i?2 r22FHv �M/ KQMi?Hv iBK2 `2bQHmiBQM +�M #2 �ii`B#mi2/ iQ i?2 r�v r22Fb �`2 /Bbi`B#mi2/ BMiQ
KQMi?b �b 2p2`v KQMi? +QMi�BMb 2Bi?2` kN- jy Q` jR /�vb �M/ i?mb �Hr�vb BM+Hm/2b T�`i Q7 � r22FX
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(a) Monthly: 1990-2005 (b) Weekly: 1990-2005

(c) Monthly: 2026-2035 (d) Weekly: 2026-2035

(e) Monthly: 2071-2080 (f) Weekly: 2071-2080

6B;m`2 ak, �MMm�H K2�M �p2`�;2 �`2�H ~mt Q7 i`�MbM�iBQM�H B+2 7Q` i?2 *1aJ@G1 Qp2` i?2 T2`BQ/b Q7 RNNyĜkyy8 U�- #V-
kykeĜkyj8 U+- /V �M/ kydRĜky3y U2- 7V mbBM; � KQMi?Hv U�- +- 2V �M/ r22FHv U#- /- 7V iBK2 `2bQHmiBQMbX h?2 ?2B;?i Q7 2�+?
+QHQ`2/ TQ`iBQM rBi?BM QM2 #�` `2T`2b2Mib i?2 �MMm�H K2�M �`2�H ~mt Q7 B+2 #2ir22M i?2 11w Q7 7Q`K�iBQM Ut �tBbV �M/ i?2
11w Q7 K2Hi U+QHQ`VX LQi2 i?�i /QK2biB+ B+2 Bb MQi BM+Hm/2/ BM i?Bb };m`2 BM Q`/2` iQ 7Q+mb QM i?2 72�im`2b Q7 i`�MbM�iBQM�H
B+2 2t+?�M;2X
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(a)

(b)

6B;m`2 aj, �MMm�H +v+H2 Q7 K2�M �`2�H B+2 7Q`K�iBQM U�V �M/ K2Hi U#V BM i?2 Q#b2`p�iBQMb U;`22MV �M/ i?2 *1aJ@G1 U#Hm2V
7Q` i?2 T2`BQ/ Q7 RN3NĜkyy3X h?2 2``Q` #�`b b?Qr i?2 K�tBKmK �M/ KBMBKmK ky@v2�` �p2`�;2/ 7Q`K�iBQMfK2Hi �`2� 7Q`
2�+? KQMi? �+`Qbb i?2 9y 2Mb2K#H2 K2K#2`b Q7 i?2 *1aJ@G1- b?QrBM; i?2 `�M;2 Q7 BMi2`M�H p�`B�#BHBiv 7Q` i?Bb 2Mb2K#H2X
PMHv B+2 ~Q2b i?�i 7Q`K2/ �M/ K2Hi2/ #2ir22M RN3NĜkyy3 �`2 +QMbB/2`2/X LQi2 i?�i i?2 p�Hm2b b?QrM ?2`2 �`2 MQi K2�Mi
iQ `2T`2b2Mi i?2 �+im�H �KQmMi Q7 B+2 i?�i 7Q`Kb �M/ K2Hib BM i?2 �`+iB+ 2p2`v v2�`- #mi `�i?2` i?2 �`2� Q7 B+2 7Q`K�iBQM
�M/ K2Hi r2 Q#i�BM 7`QK aAhl Ub22 b2+iBQM kXkVX
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(a) (b)

(c) (d)

6B;m`2 a9, �p2`�;2 MmK#2` Q7 B+2 7Q`K�iBQM 2p2Mib T2` v2�` BM 7�HH UaPLV U�- +V �M/ rBMi2` U.C6V U#- /V Qp2` i?2 T2`BQ/
Q7 RN3NĜkyy3 7Q` #Qi? Q#b2`p�iBQMb U�- #V �M/ i?2 *1aJ@G1 U+- /VX h?2 #Q`/2`b Q7 i?2 11wb �`2 BM/B+�i2/ #v `2/ HBM2bX
PMHv B+2 ~Q2b i?�i 7Q`K2/ �M/ K2Hi2/ #2ir22M RN3NĜkyy3 �`2 +QMbB/2`2/X
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(a) (b)

(c) (d)

6B;m`2 a8, �b BM 6B;m`2 a9- #mi 7Q` i?2 �p2`�;2 MmK#2` Q7 B+2 K2Hi 2p2Mib T2` v2�` BM bmKK2` UCC�V U�- +V �M/ 7�HH UaPLV
U#- /VX
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CAN USA RUS NOR GRN CNT

EEZ of Formation
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6B;m`2 ae, �MMm�H K2�M �`2�H i`�MbM�iBQM�H B+2 ~mt 7Q` i?2 Q#b2`p�iBQMb UrB/2 #�`V �M/ �MMm�H K2�M KBMBKmK UH27i M�``Qr
#�`V- �p2`�;2 UKB//H2 M�``Qr #�`V �M/ K�tBKmK U`B;?i M�``Qr #�`V �`2�H i`�MbM�iBQM�H B+2 ~mt 7Q` i?2 9y K2K#2`b Q7 i?2
*1aJ@G1 7Q` i?2 T2`BQ/ Q7 RN3NĜkyy3X h?2 ?2B;?i Q7 2�+? +QHQ`2/ TQ`iBQM rBi?BM QM2 #�` `2T`2b2Mib i?2 �MMm�H K2�M
�`2�H ~mt Q7 B+2 #2ir22M i?2 11w Q7 7Q`K�iBQM Ut �tBbV �M/ i?2 11w Q7 K2Hi U+QHQ`VX h?2 *1aJ@G1 Bb +QMbBbi2Mi rBi? i?2
Q#b2`p�iBQMb r?2M i?2 Q#b2`p2/ p�Hm2 7Q` 2�+? T�i?r�v HB2b #2ir22M i?2 `�M;2 Q7 i?2 *1aJ@G1 UKBMBKmK iQ K�tBKmKVX
LQi2 i?�i /QK2biB+ B+2 Bb MQi BM+Hm/2/ BM i?Bb };m`2 BM Q`/2` iQ 7Q+mb QM i?2 72�im`2b Q7 i`�MbM�iBQM�H B+2 2t+?�M;2X
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(a) Obs (b) CESM-LE

(c) CESM-LE
- 1 std

(d) CESM-LE
+ 1 std

6B;m`2 ad, S`Q#�#BHBiv Q7 i`�MbM�iBQM�H B+2 T`QKQiBQM 7Q` Q#b2`p�iBQMb U�V- i?2 2Mb2K#H2 K2�M Q7 i?2 *1aJ@G1 U#V �b
r2HH �b i?2 2Mb2K#H2 K2�M ± QM2 bi�M/�`/ /2pB�iBQM 7Q` i?2 *1aJ@G1 U+- /V Qp2` i?2 T2`BQ/ Q7 RN3NĜkyy3X h?2 +QHQ`
`2T`2b2Mib i?2 T`Q#�#BHBiv i?�i �M B+2 T�`+2H 7Q`KBM; �i 2�+? ;`B/ +2HH ;2ib T`QKQi2/ 7`QK /QK2biB+ B+2 iQ i`�MbM�iBQM�H
B+2X h?2 #Q`/2`b Q7 i?2 11wb �`2 BM/B+�i2/ #v `2/ HBM2bX LQi2 i?�i i?2 T`Q#�#BHBiv Bb +�H+mH�i2/ 7Q` 2�+? ;`B/ +2HH BM r?B+?
�i H2�bi QM2 B+2 T�`+2H 7Q`Kb �M/ i?mb ;Bp2b MQ BM/B+�iBQM Q7 ?Qr K�Mv B+2 T�`+2Hb �`2 +QMbB/2`2/ BM i?2 +�H+mH�iBQMX
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h�#H2 aR, �MMm�H K2�M �p2`�;2 �`2�H ~mt Q7 B+2 2t+?�M;2/ #2ir22M �HH 11wb 7Q` i?2 *1aJ@G1 Qp2` i?2 i?`22 iBK2 T2`BQ/bX
h?2 11w Q7 7Q`K�iBQM Bb BM/B+�i2/ BM i?2 }`bi +QHmKM �M/ i?2 11w Q7 K2Hi BM i?2 }`bi `QrX �HH MmK#2`b �`2 BM FK2fv2�`X
h?2 H�bi +QHmKM +QMi�BMb i?2 iQi�H �MMm�H K2�M �p2`�;2 �`2�H ~mt Q7 B+2 7Q`K2/ BM 2�+? 11w- QMHv +QMbB/2`BM; B+2 ~Q2b
i?�i K2Hi2/ #27Q`2 i?2 2M/ Q7 i?2 iBK2 T2`BQ/X h?2 MmK#2`b BM #QH/ ?B;?HB;?i i?2 T�i?r�vb i?�i �`2 bi�iBbiB+�HHv /Bz2`2Mi
#2ir22M i?2 *1aJ@G1 �M/ i?2 *1aJ@Gq Qp2` � b�K2 iBK2 T2`BQ/ �i i?2 N8W +QM}/2M+2 H2p2H mbBM; � i@i2biX
6`QKfhQ *�M�/� la� _mbbB� LQ`r�v A+2H�M/ :`22MH�M/ *2Mi`�H hQi�H

RN3RĜkyyy
*�M�/� jN-9ke jk-d9R j-Rdd jk kR3 Ne ejR de-jkR
la� j-eRe 9N-y3j Ne-9yk 89e 9-kjk R-999 9-R39 R8N-8yd
_mbbB� R-ej8 9-Nyy 8ej-9N9 jy8-djy RRk-R8N ey-3k8 k-kRd R-y8y-Ney
LQ`r�v y y edd Ry3-djj k-jjR R-kkj y RRk-Ne9
:`22MH�M/ y y y 9 RRj jR y R93
*2Mi`�H Rej 3yk N-yke kNk R-838 83R Nj9 Rj-j3j

kyjRĜky8y
*�M�/� Ryd-8ee Rk3-NN3 k8-Nke 99R R-8ej 9-388 ek-y9N jjR-jN3
la� e-kNd Ry8-3yN Rde-393 y y y j9-eRj jkj-8ed
_mbbB� RR-93y Ry-R33 R-8Nd-NRR j38-eyR jd-8kR Rkk-dR8 98k-jjN k-eRd-d88
LQ`r�v Ry y djd Rj8-RNe jj-RNR jR-9d8 R3 kyy-ekd
:`22MH�M/ d3N RR 3 Ry-3kj 9R-ky8 kd-Rk3 8R 3y-yR8
*2Mi`�H R39-Rd8 8k-N8j j8k-dyR eN-Re3 3R-8Rj RN9-9N3 3jj-d8k R-de3-dey

ky3RĜkRyy
*�M�/� jkd-jN8 RR9-3dd jj-dRe j-kyN Rd8 dy-9kd Ryk-3Ry e8k-eyN
la� e-d9k ee-eR9 R39-edR y y y ey-ej3 jR3-ee8
_mbbB� k-9N8 Rj-j9e R-9kN-eNR Rek-NkN 9 9y-ejR e89-e3R k-jyj-ddd
LQ`r�v N y R-eNk NR-jkj R-jjR j3-9Re 3kR Rjj-8Nk
:`22MH�M/ d-9je y e9 9R-393 Rj-ke3 Rdd-Rk3 eyj k9y-j9d
*2Mi`�H 9jd-ddj Rd-99R k8y-k3N RRR-y3y 9Ry jRy-NNj R-jey-R8k k-933-Rj3
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h�#H2 ak, �b BM h�#H2 aR- #mi 7Q` i?2 *1aJ@Gq �M/ 7Q` i?2 iBK2 T2`BQ/b Q7 kyjRĜky8y �M/ ky3RĜkRyy QMHvX
6`QKfhQ *�M�/� la� _mbbB� LQ`r�v A+2H�M/ :`22MH�M/ *2Mi`�H hQi�H

kyjRĜky8y
*�M�/� ed-3j8 RRe-d39 k3-Nj3 N 9yR 9kj j3-8e3 k8k-N83
la� 9-Rj9 Ryk-3k9 R3R-ydd j k3 ky ky-8N9 jy3-e3y
_mbbB� Rd-kk9 Rj-jRy R-8kN-d99 9Re-Ney dj-jyR Rjd-e8e jRR-88d k-9NN-d8k
LQ`r�v y y NR3 Rjd-ekk kN-99N k9-99e y RNk-9j8
:`22MH�M/ Nd y y 9-8ey k8-3Ry N-Nyj y 9y-jdy
*2Mi`�H N8-ejR 8j-e8j j8d-39N 9y-NyN d3-kyd RRd-RNj 89y-9Rk R-k3j-389

ky3RĜkRyy
*�M�/� 39-8N9 RjN-eRe 9R-dyk 38 R-R8j k-kyd ed-y3y jje-9jd
la� j-339 N8-8yy RNe-R8j y y y k8-kkd jky-de9
_mbbB� Re-yye 3-88R R-eyy-d8e j3e-NN9 j3-yyN R8j-8ke 9k3-8ke k-ejk-je3
LQ`r�v 8R y djN Rjy-j83 j3-388 j8-8e8 y ky8-8e3
:`22MH�M/ R-jyd Rk8 e 3-NeN 8R-ej9 k9-N8k 8d 3d-y8y
*2Mi`�H RNk-j9N 88-3kd 9RR-edy 8j-jjk 39-y3k R3N-jk9 3Rj-9kj R-3yy-yyd


