EUE BHER

B14E BFER

HAEER

> BABEORBIERREICIE. 1970 FLUE, ERARPAZ(ERIZHEZ TE AL,

> BABMAOIAREFERAFTH TIE. BFELE 1,000 m OAFRZENRAVISHES L TW
%o

F&FE

> 21 g RO KT EERAFMEIRIE. 4°C LRV FUF (SSP5-85) Tlk, LRI 2ERHR
bhd (EEERTEE.,

> BAEMAOIAREFERFTHTIE. BELE 1,000 m OAFERZENZNZTNOEEHY
VADOFREICIGLTQIHRAE TR LBEITE2ZLNHEINSE BEEIITREE).

141 #HF
1411  EBAER
(1) REBRLERERER

BRI O EFT I ISR & BRE) 3~ 2 R DIREB RIAMICZ L3 2 L. IFEERIC D
NG L = ZL NS, HFEROBENH I, KrboJfisie, B - kK77 v 7 2 TH
%o WFEDOKE 2 i 2L, EICHTE CEAE) X . JRRIER & MEIE N 5, @i X, ki
WHIE NS 9 2 ITHPOKOTEICE WEE KBRS 5 2 & THEL &Y, EEICLAAA TRER
B B EEIER Y 72 B, EEMEERIE. FICE KT Ty 2 A TEEI X NG, HHEEROZH %
R BB ARSI A CHBIREOHBMAEETH 55, Thid, KLz Licl~T, L&, £
HWIIC D72 ) SREOBIZIT ) C L L v, /2, Ky 27 2z RE (10 £ 1) ©H
REFDNTE L CTh Y RIVZAER O B 2 238 L WiGAa b H 5 (IPCC, 2021; 2.3),

HHEEIC B T 2 WA O C, FIREERIRE FIEh 2 B8, A7 2 Y =L TH 7 AR
7 8, ARAEE I A b BRI~ KR oK BE B N hE R ek ORI K E L 525,
1993 fELARE, BREVEIEER DT I~ D & 7 M v, PIEEHR D FRICHTm~> 7 FLTw3
(FHEEE PR, 2, HBRIEELIC X o> T FL—IBBRBIER L, JBUG IS5 mic o 7
FLlzZIMGLTwd eFEzZbNE, —F, FEERROM I ICowTid, BUGEshc ki
L. 222, R fdEm & BBk~ v F 27 — WVHEAER & RSRUHFEH B E R O 2% %) 5 72
o, FEET—® L AvIinEEmnRT, (IPCC, 2021;2.3.1.4,2.3.3.4,9.2.3.4)

HIEIER I, RO & B0 | EREE CILA C ATEKRPBTEL» T C2EREKS 2 L TS
TH Y, ZOERAIEIZILKRIEFHEILT & FB KRR D 2 221 Cdh 5, WREIGERITAEK 3 KITh
mHEEE DO, CThERHEMLL CRET 220, KR L oBE O b i L ToOME%
BEH YT 2 FESHVON S, fEE LTHEON2 DI, mIba e SHEH RO RD 2 K
TLOMERTH V. Tz FAEIER LWL, KEFETFHIER (AMOC) X, BB \WwREKokA
FL L . W WEEKOFER & OFXOME OIFETH 0, MALBEX R LIt KESFHS L, B
I —0 Y RORIEISHERKE W EEZ LN T3, MHEH/KESLHFE KA H1EIT L Z2F5 R X
% &, AMOC IZith 7 8000 sE DRI IR LT L CH W (HEEZTPEE) . 19 ik, 658 %
VIR T B (HEEERPFEE) B, EESHIZARE L Tw 57z, 20 fidd o AMOC oA Ic
N3 B I, T, EEBHIOFER A & 2000 FEHED S 2010 FEHEICH T TOHE Y 28

-278 -



EUE BHER

BN T2 (HEEIZE) B, 10 FERAT =V OEB»EWELENTH % 201k, KAl T
v (MEEEIRE ), (IPCC, 2021;2.3.3.4.1)

b 5 — D DEEKIEHIE T H 2 R KPERIL i, KRS R TR S O E Wik E
U, kL CrfBIEREKE U CERBICEA > T b, IPCC(2021) i< XL, 1980 EfRLAKE, FEfR
K@K Dt O AMER &, KO ERERR R b 0D (HEETFEE) LRHiishTnws, %
7z, ATCOBIR., B, BEE T VR, TR O REL &KL X o TRERERE KD
AR DA LEFET 5 & v 5 IPCC (2019) DFFli% SZH LT3, {9.2.2.3}

FARPE I, HIERIEBR (L IC ) 5 B ZELIRE (CO) DIHE~DWINATTO N 5 FE AR TH
% (Sabine et al., 2004; Frolicher et al., 2015), FAMREMITIZ, Bl AKREZ B Y ORI Z T 2
IC—R T 2 MATHRDMBDOL IR TH V. FRFEDRIST] L KBEK O T D% Z\T 5,
—fRic, mRESEREAIL () R idmz v () s A0 5 2 & e b, $7-. M
FRIE DI E & YLt O GBI O KT, 2 i, FEBEBTICH 9 A & 1Y) 2 751 0 R A5
fLicFHFL5 325 eE 2 bN5, MBEAMKOTRN 2 &, fE, WiEEhoZ(tix, MAFEORPL
LR FEDOWINE DL IC L > TEHETH 5, IPCC (2019) i< XL, FEEICH T 2EAFEDOED
s, FBEBROREOHM ALY O LAMKFEORMOIEHE O KICfibns tFEZLNT
W3, IPCC (2013) TIIFEMBEMIR DA E A MER TH 5 & I N, ZDBRZNERIET ik
WL, BIFECIIFEMEMR O IICH E R T s 20 FRICiIhr 272 ThH L5 2E %
5T % (IPCC, 2019; Cross-Chapter Box 7). IPCC (2021) Ci&. P& Fs i o it & (3 1 Va0
FALICH L T WIREE L 227\ (HEEEIZHFEE) LRTliT 5 —T7. WERRLIF 7 7 v 7 i
JOE LT % & v IREM LD 2215 T3 {9.23.2),

1

() HROEBEFORGEHRE LIBFERER

KRGS D AR IR HEFEIEBR O RLE # TR0 2 YR CTH 2 25, IHEBREOER TH 5 /KHEA
* VIR (pH) CAEFIRARE O D IR L R Bb o Twd, pH ICOWTIEE 12 &
ICEEY . T CIHIRHFRERE LIBEEEROBRIC O W TR 5,

I C R IR TR A TZERFR L, KD ENE~BE) L T BIRTN 2 7V THAAEY &
ST Lz I IN, WAL T, 2R, BhOBRFIEERIL. WH»HELS R 5ICD
NKFICHAD T2, —H EEICIZ, 7)) —v 7 v FOlig-CrtikFED E O Tl Sk L 72,
IR CIATFIE E B A IS WIEE KB IE R > T3, DX 5 RiBrEHEER %2 Kk L <. KEEES
HIIHEOFE TR DD AL R208 M TH 25, FTHEYOEENLEHNAE U 513 ERFIE
FE1P R (BlZIE 70 umol/kg AT FEISIEBEHEMU/NE & X, B OUFICA2 > T b,

NEDBIFIRF RO (BIEHE) 28 20 AL XA, R OMWFEDS O B X 11
TW3 (FEEEDE ) (IPCC,2019;5.2;IPCC,2021;2.3,12.4), #EL <~ 23 &, 1970 £ 5 2010
FEF ToMIT, HE 0~1,000 m DEFIEHERIT 0.5~3.3%DHiFH THA LT3 (IPCC,2019; 5.2;
IPCC, 2021;2.3), #HEHI TR 2 & #H  HIEE TO L TOFREOEF RS IR & Bk
KBTS DI TR OB L7z & ST b (HIFE 2% (IPCC,2019;5.2) (K14.1.1), %
7o BRI - THEHRBVNE 2 IER L TH Y ABRR~DFEERRE T LT 5 (IPCC, 2021;
12.3),
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IR ICBEE R L ANEFT L T B T, IPCC (2019; SPMLA6,5.3) I X 1T, RS &
REE200m £ TORRERIE T CICBRRILOFELZZ T Cnd LI NTEY (HEEDE ). 700
Hi s LA ORI S BRERIREEIC 2 > TV B T 2 BEI N TS (IPCC, 2021;5.3),

20 AT AR O BIEFIC X - T % DAY O & BIgphta % 20 FE 2k L <B 0 (#
EEDE ), ERER~DFENIVEICRZ Z BB EI T3 (IPCC, 2021; 12.3), T,
EEHRITERR~DOMD R b L ZAEKTH 2 KiE EFLWmEBRIEL & FRFICEC 2 2 & 23% <,
HRER~DEAN R ERBZIN TV S, INFED X 5 AR REE DK IC B CIFREME
HAD—FETH 5 L —ERDORL[P~DRHAKEZ O | HIBRIRIRAL 2 I & & 2 L v o 72 %
pEZINT B,

(b) 1200 m - sea floor

<-5 -25 0 25 >5
Dissolved oxygen change (umol kg™ decade™)

(1411 &BEICHITS 1960~2010 FOBRGFHREENEL
(a) 1FERE 0~1,200 m. (b) L 1,200 m 2> LB E TOFIC I 1T 2 BFIRFREOL (HAL: umol/kg /10
), MK Eo#fix, KEEN D &2 2 i fFESE R 80 umol/kg A (—m#H#%) . 40 umol/kg (HR) . MO
20 umol/kg (FEHR) DOEEHRE/NEH B 2 OB R LR L T3, (IPCC,2019; Figure 5.9 % #xik, Oschlies
etal. (2018) %Pl L 72d @, {5.2})
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(B) BFEOEYMEE

WD —XAFE (Primary production ¥ 7z 13#fi— X4 Net primary production: NPP) 108(%,
FICHEW 777 b v HRHSTEY, AKX > CBUKED» LIREL EDEMY % 4T %
TEERELTWE, M7 77 b itk 2 —REERIT, O - Kl - REH 7 & OB IR
CHEIND Z 2o, IFFERBROBCOEELIERE L 25, IHFEDO—RAEICED 2 FaRE
e LCik, MR (NOs) U vIEE (POs) . 7 A BRI, Sk LAHbI T2,

KEFOWFTERE CORKE L, HBICH~R2 v, 2 L GEHERECORERH ., £0mE
BAEPBOIZEEE > O REICREE MG I N2 HAICH 2, 8T 7 v 7 b VIC X 5 —RAEFE
HITHEREOREREDOFERICL o TLITLITHIR T L 5, (KL DHHE CTIEERDFERELD
BTWZ WX VYT v 7 b vtk 2 —REFEEXPFIREI N AMHEINICH D, — T, KEEIE
ECr7mn 7 4 VREMRGTEE (] 2 1 $RREP R TRE R FEOHE AR TSk OIRE D
—RAEREZHIRL T2 (Moore et al,, 2013 ; IPCC, 2019) . FESE D REHLIRE © RN 72
ZAfE R % 5eab U 7222 13 FEF ISR 5 T v 5, Yasunakaetal. (2021) (ZALKEIC BT 2 K =T
DOAABLI D 7 — X Z T L. 1961 225 2016 {F DA T VU v IEHE, MHEEHE. 7 A BRI
CHAEIMCH D Z L ZHOL2IC LTz, 20D IXFRIRFICREFETFEHRBEALE (Pacific Decadal
Oscillation; Mantua et al., 1997) *° North Pacific Gyre Oscillation (NPGO; Di Lorenzo et al., 2008)
T 7o THERECORBRDOWEBAEL S 2L 2HEL TV 5,

run7 4 alREIXLIELIEHEY 77 v 7 P voBGFREOEEL L THw o5, ffaERIlIc
K27 v 7 40 a BRI E BT O R 2 IR LT L 720 98ic & 2 & BLllEDS 0 fF
TET €D 5B 62%LA LD ClZ 7 v e 7 4 v a IBEIZRIANICITEAER CH 5 Z & 3k
HINTWD (Boyceetal, 2014) , JL4F CIIHIBRBUAIGT R IC X 2 N6 BUAIA R I L TH Y, &
okl R c XL 28HEAFEALZ7uen 7 40 a REOKRIT — 2 3MEK I LT3

(Sathyendranath et al., 2020) . 1998 44> 5 2018 fE DRI T — X Z T3 5 & &R D% <

DU CIAEHENICAE B R ZER 350 bk vy (K 14.1.2) o 7272 L, ALERiE - B JE 2 i
C IR G3%/4F) TH Y B - HRENE - i o — 5 oW A TR E 7 20T A3
Hi<Tw3 (von Schuckmann et al., 2019) .

108 #ED—RAEEX ERBMICIHE - i 2 EE LT, MY X 2 54KE» S B & OWilE % 22 L5 w72 fl
THHHi—RAEE (NPP) X AVOLENS, RREETIZ—RAEFE L NPP IO W TEEICIZXAI L 7220,
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BEICBITREMT T b DES)

(a) ’ﬁfﬁ: JAR7 A VRE

102 10~ 10° 101

(mg Chl m?)
(b) REEALERA: 2007 1 M%

(ElkD/i—Ev b F1) | & HE

[(xxx]HETIEAL
©7BRA74NVEE: RIBZE{LEROER FFF L
108 3 :

£ TORBT(LIER
107 3 HELEPELIER (p<0.1)

mE (km2)
s 3 3

10 -20 -15  -10 -5 0 5 10 15
(kD /s— v b F1)
1412 BEICBIPEYM T 0 b OEE

20

(a) 1998 £ & 2018 FEDMAMICE T 2T — 2 D LE I N7z r 7 4 v a IREOLUE(E, (b) 7 vn
7 4 ViREE D RIIZACER , RIIZACER 125/ HJeik TR 72, Santeretal. (2008) 1€ & 2 1 XD H [l
IC X B FEMY v IABERIE A LG B2 5 L 72 (R o/ X 3 f s Emic A E cld i ue R
A %R ) () Z7va 7 4 MREEORHZMERO e 2+ 77 4, ABHEBICLHERSLICE 7 &L
T L ORMEEME R BUSBIN T — 2 L B LT\ 3, (IPCC, 2021; Figure 2.31 Z IR - ik, )
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HiEkBLHE R O 2 v a7 4 v a BHANCE-D W TR X L7z 2 20 FFREE o B (1998~2018 4F)
D—RAEFERT — X OEITFTIRICK 2 &, (KB & PR Clds B ER ARG I T2
(Kulk et al., 2020) . —/7°C. FARPEE - FATED RIS, A THUE & b O A0 < I,
BRI —XAEEESEIMER TH 5 Z L %G I N T 5 (Kulketal,2020) . HuERELHI#E 2
Ckz7uw 740 a BET — X 2R EET VicT — 2L L 72098 X 5 &L 1998 4F
2> 5 2015 F O MR CRERMIBIClE—XEFERED 10 FH472 0 21%HP T 2 TH 572 (Gregg
and Rousseaux, 2019) , —XRAFEEPZWV T 2REKNE LT, BHERBEOEASEN KL ol 72D
FPREMMERBEE LD L2 R EZOLNS, 272 L, BEElw v — L ik v ¥ — DG
Fr V7L —va v, zeu s nalfET AT RLABEL>TWAEZ LICKRKAL T, B
ity —DT7 — 2 2T 2 O ICHIER e L4E 2 H Y (B2 1E, Djavidnia et
al. (2010) % Melin (2016)) . ZDfER L LTz u 7 4 v a DRWT — %t v b BEROWF7EH
B b NItz LThrzun 740 a DRRYIFELOERELRZ 23D D, T7-—R4E
FERZHET 2T VEITOHEMHEDEZ: & ORMBEMBFIET 5 Z & (Westberry etal., 2023) .
I HEBRBLAINE B 1T X 2 iFE o BLIBAM 25 20 FRREZ L LICERIL., fRRELS) & R A2t
fEE DoEEHEE L v (Beaulieu et al., 2013) Z & b H b, HEREMIEREIC X 2 7007 4 v a B
fERZ Lo IO W THEE L 7= — KA ER O BRI 2 22U E R O F M 12K,

1412 kT
(1) REBRLERERER

RIFTEER DR T D W TUE, SSP2-4.5 K T SSP5-8.5 D F U AIC B W, i EDJRDZALIC
BA LT AR OCRFRO A ER 2L L~ 7 P2 &F 2605 (IPCC, 2021;
9.2),

IPCC (2021) i & % & KPGFETFFHEER X, JLRPEFED /KR LA T X 2 BEEKDULHIA D D
¥ ) OEC 21 WIS II L AMETT I B ATREE D TEE 12 B (HEIGEZ5E ), 21 R (2081~
2100 1) Icid, 20 tHACR (1995~2014 7)) L H~T, 4°C EH > F U 4 (SSP5-8.5) Tl
39% (90%fSHHEX[H: 17~55%) . 2°C EH-+ F U A (SSP1-2.6) TiX 24% (90%(SHFXM : 4~46%)
ATz efEEI NS (K14.13), 72770, IO 0D ORISR KE X0 BED 0 i1, FHEMER
BEWETALDT VH vV TP EOWT W2 L ICEBRPLETH D, L » 5L REETTH
TEBR I 21 AT IC T 3~ B HEEMEDFEE 12/ 03 = T I X B FHIRE S K & X 0 /1210,

IPCC (2021) i€ & % &, KPOFEFFHERD3LIE. A7 AP Y —LDRERYZ b 726 L.
fth D HuIE & b~ TR I ICIRE ER DD R WAL RPEEICEHN S Z L ico b e Ez bR
T3, MMEEKOARRIZSHLBY LT TH S L PRI NE A, BHIEOHEK: 27 4
ETNMCBT ERIUCEI AT D 5720, HEEEIFE G, FMAEOTERLICHE Y, FAFE
OIMIGENL TR F Y He i 5 77 FMEMRR O MBI T WEERH ) L T ThH A S {9.2),
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= CMIP53 L U'CMIP6ICH1T 5. KBEFFFEABRO T Y 7 IWVFH (&35, FE1000m)
) :

i

®

U

&

S

P

(= H

H =81 — cmips FEHEER = CMIP6 FESERER = CMIP6 SSP2-4.5

5}’; —10{ == CMIP5 RCP4.5 w—=_ CMIP6 SSP1-1.9 === CMIP6 SSP3-7.0

iﬁ 1211 CMIPS RCP8.5 === CMIP6 SSP1-2.6 w— CMIP6 SSP5-8.5

K 1850 1900 1950 2000 2050 2100

1413 REFFFEHBROBIEFHDY IalL—a v
HA71E Sve 1Sv=10om%s, (IPCC, 2021; Figure 9.10 ® EX () %M - 5l )

() HROBEPOBRGEHRREDNRFA & EBEER

IPCC (2021) T3, EAETAMEALE 7 vy 27 M 6 ] (CMIP6) D Fill%%Kkic, &lkHE
fLiZ 21 A IC A - THHET LT (HEE7E ) (M14.14), BEE» OB THEICDZ Y HFie s
3L LT3 (HEEPFFE {53,124}, CMIP6 Tl IPCC (2019;5.2) Tffif & 7z CMIP5 ©
ETNED DWFEYE T v 29U L, EYHIBRL Y 7 r e ARWEY IR I W Tw 5729,
1970~2010 4E ¥ < O BUHME O ZAUAEIR & A gEHE23FE 5 12 E i (KO fkER R Rkt D fas) %
BT B8TETNS {3.6,53),

(c) B3 TFEE 3 (100~600m)

d
BE (Y3alb—-v3aYy) AE (BRAD
: - BE (R
et |
DA ’
10| ZEXGR T Srswannn oo 8% (M)
— 33 (SSP3-7.0) F14:5~95%D i EH
15 — {33k (SSP5-8.5) F14;5~95% D §iFH 8
' ’ \ 21004E (=
1850 1900 1950 2000 2050 2100 B ATIE

B 1414 @BEEFFROMADEFERE CRE 100-600m) DAFHERREDHLEDNE
1995~2014 FE# FLHE L L 72157 TR R (GFE 100~600m) DEBRFHZE(LE, FHl & 7= 8L iE o & fE A
& afEEHE I IS B FIBEIE TPCC (2019) DFHIC X 2 % D T,2005 4% Hhuls & L 72 1970~2010 £E D HipH,

(IPCC, 2021; Figure TS.11(c) %K% - MR - #Edk {TS2.4}.)
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(B) BEOEYERE

T DTSRI 7R iRl - EIE Lok ic X v Bl 2 2 X N3 FEE 0L LRATE DX
i, FERERAGEN oL REREOF M REE 2 2 ¥ 5 5 (#5475 ) (IPCC,2022;
3.3.2) o HRHRBE LA OIE - HIRER TH 2 DT, 1o DRRELIZiBED KA
EREMICHET 5, £E (0~200m) OBJEIREDFERECICO W T, HERTH OB fE S
TR D b5 B O SRR RS 35 1 3 KM X - T 21 S IC b 72 o TREFRIL A3 v T
CEFHlEhTw3 (#HEEZEYy) (PCC,2021;92.1.3) . $7-. HEREATERE ORRE{LIC

DWWk, @Y F Y A IcBn T, IKOKIBT 2 S AR E . Kool ek ks
EBRTHEEI N T WD P, HEEE (K14.15) (PCC,2021;9.2.1.3) . KERAGEFEEIX. &
HoRERY (HBS%IC X 2) FREOBRRIGES 5 X 5 ITEMS 2 i (R, 3. #wsEic
L 2) BECHEIAHZEIC L 2MADANT v 2RIk oTikE > TL 272® (IPCC, 2021; 9.2.1.3) .
P D AU AE A 1 B T T HE T I A v,

W D KRB IRE OFERE L IC DTk 2R 7 27 v (ESM) % F W 72 #EGE 231 zbz}”L’C‘é‘f’C
BO, —fic, KK 0 DR AREELRNICT 2 &, HBRIRIE(LICHE S BREMRIL 2S5 HEEENER I
%ﬁ%%@%:&miD%Emﬁi%H%@x%ﬁv«w@M9uotﬁék%xénfm

(IPCC, 2019;5.2.2.5) (IPCC,2022;3.2.3.3) . L8 100 m ©&EKWEFEIEE IC>\WC, ESM (CMIP5
ETN) T X B 2006~2015 £ A 5 2081~2100 F D RFRZEL D FHITIR, 2°C ER Y F Y
A (RCP2.6) T 1.5~6%DHA, 4°C L5 > F V4 (RCP85) T 9~14%DHA & AfED b Tk
» (X14.1.6) (IPCC, 2019;5.2.2.5, Figure 5.8) | MER/E 13 21 T IC 35 TR D i
BT 2 iAH e oTwd (HEERFPEE  (IPCC, 2022;3.233)

WO —RAEE (NPP) OFERZ LIZ, KR, K. REE, HiEREoOZ Lo EI ViR 3
E#FEzbhd (IPCC, 2019;5.2.2.6) . IPCC(2019) T X 5 CMIP5 & 7 /LA R EEM < 1%, 2081~2100
FE TILE K O TD NPP Ol d L IZBURHMER 2 PHIL T D 2006~2015 1 & DI
i Clid, 2°C EF 2+ VA4 (RCP2.6) T -1.1%72>5+0.8% DAk, 4°C EH >+ Y+ (RCP85) T
3.8%72>5 10.6% DWW & BFED o T2 (IEIX 90%EHEXEIC X 2) (X 14.1.6) {5.2.2.5, Figure
5.8} o BHTD CMIP6 FEH S FJE L 72 IPCC (2022) - BH# G O EHiTE#RIC L 11X, NPP OFFERF
HNZDWT, ETABORFEFEMELRKEL, v F IV FTORMERMEL Y b RE D, HEEITE
& LTw3 (Kwiatkowskietal,2020) (IPCC,2022;3.4.3.5.2) ., fEIkIICR % & (X 14.1.6b,d) .
ﬁﬁ'ﬁf?{bﬁﬁiirﬁj & ORBFMAR O IC X Y NPP 0D 23 ¥R & W b (FEF/E 1 F2/%) (IPCC,
2022;3.32) o —J7. EAEE O TIZ, REEDS T H L XVITR7ZNT 0 B 4T T, K
BAEBEERENPZT 2 2 LI X 2H FOFEN R REOWEIC X Y NPP 2338003 2 AlRet: A
b5 (HEEEFFYE  (IPCC,2022;3.3.2, CCP6.2.1.2) .
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EFNEOBAEAE L (280%)
EFNEOEEMHEL (<80%)

BUE BFER

SSP1-2.6 REERENEIL SSP5-8.5 REERENEIL
(1995-2100; 20 €57 ) (1995-2100; 21 €7V )
: S T - ,}:'v”,’fiii’:?::‘

-300 -200 -100 O 100 200 300

20 -10 0 10 20
m

1415 BFERERESEREDFRTE

2°C ER->F V4 (SSP1-2.6, /&) KRN 4°C EF > F ) A (SSP5-8.5, £i) FTD 1995~2014 4V %> & 2081
~2100 F P OFER AL 2 4% (JbkBk12-2 A+ Bk 6-8 A + EX) KUEZF (JbkEke-8 A +mF
BR122 0 0 TH) ZhZnicowTORLZ2b O, BAEEKIZ, 10 m EOFE L OF A2 0.03 kg/m3 &
LS TER. FHRITE T AVEO—BEERME N (2T VEORFS—BED 80% L D /N w») g %R L,
Z N3 g WL E TV O —BUE A E WilEE % 7R 3, (IPCC, 2021; Figure 9.5 @ —& % S8 - FIIFR - H58K, )

-12
== RcP26
~18] — Repss
=20 r .
1900 1950 2000
(©) .
o
£ -4
3 s
3
-124
= ReP2§
=161 RcPss
-20 . - - ’ [ e e — |
1900 1950 2000 2050 2100 -50-40-30-20-10 0 10 20 30 40 50
Years ANPP (g C m-2yr)

14.1.6 EEEREOMBIER UM —REE (NPP) OIFHEFH

(a)(b)23%R)E 100m DIHIEHE %7~ L. (c)(d)A 28 100m THES L7z NPP %779, (a)(c)lx 1900 42> 5 2100 4
FTOYIal—va vt X3RN AZIT.2°C LR Y F U # (RCP2.6) XU 4°C E5 -~ F Y 4 (RCP8.5)
ICoWT, EiglEwrFET A, AEFHIT 0% EHXMEZ RS, (b)(d)id. 4°C EF 7 Y4 (RCP8.5)
ICDWT, 1850~1900 474> & 2081~2100 F~DFFRA(L &3 2 /R 3. (IPCC, 2019; Figure 5.8 (Frolicher
etal. 2016) 2 WAL 723 D) D% HEHE,)
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142  HAEAE
1421 BAHER
(1) BHeENEEER

SUEE. AL EVE G ER (RS 01T X o CEXE) X 0 2 IFEHE O O fEER) O EERIRTH Y |
ZAVEVYRLREBEOREZBEY RS FiEEZILEL TN EBEREDORD t 71 7D & KR
ICA> CHAROERIGET 2IEFICHEVTRNATH 5, B3, RRIAHE AN 2 B, Bl
EURIEIN B WA & DRI 72 B o HLH K OV ERAAE I I (AR DI 2 & HRAR S I~ % R D B R dik L
HARBLLOHKRICKE @ Br 52 5, T, WUE - RN E N2 R, R & IF
KECFT IR & PRIEN 2 O RE L 2 KoM cEB 3% 2 L 23 b T\ b —77, kiR
LR OB OBEICOWT IR E A RS TRy,

DX REMOGRBARIZ, HARNEOEINZEL I 2 E RO —~D2L > T3 IE, HA
DR AR O KESE T I HEE RITT A ERH I w3,

H A& O 8 K & 7Zx /KR 0 FALEEE % 7R IR A /KIS B & B o, B X 24L& 35
FEp b 2 FEFhTiciiE L Tk ) (M 1k A3.1() M), HEER (BiRcEs om v BiR
oK) & Z ol KRR Y OFEER T H 2 HIEHIER (KR TS DR WA DIK) oFER &
7t o TWw3 (Kida et al, 2015; Nakano et al., 2018) .

SRITCIIER 137 EME R CHYI 28Il 2 FEics bR m{ToTe H, ZoFllc
o 21EH S, HAL 137 Hick T 2 REREL* HAMREICE T 2 RERNaiEL L THED -
T3 (K14.2.1), 2N X3 &, HARREEO BREIIEE 2 O HERK O ZH) & B HERHEL O
TEBE O 5, 1990 FARLAREITHE T ORAEm SR b 5 b DD, 1970 FUKE, AEEERZ
fBEAIZ RN I N TRy, 2, CofE ., ERMEREGRICED & JLREED JIG T 2>
LW LR B RESL TV,

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

X 14.2.1 & 137 EiRg%= &Y% 2EHREDERT
Bf71E Sv (1Sv=10m?/s), FmpldBill 550 7z, BRI JRA-55 DJAD A2 6 3HE & 1 3 Bl &,
MR H FME, KRR 3 SERENEE A2 £,

() BAREBOAREMRE L EIER

HAE 7 o ALPEAF AT (AR 137 B, kA 20~25 &) DEEE 0~1,000m IC 3B 1) %71
BIFBER O %X 1422 1R T, BHHBIMAD 1967 £ 5 2024 4£ £ T O WM CIATFREEE LR
H(3.6%) LTk, Fric, 1980 FEHZ LD M TIZHEE 1Y (54%) LTWw3d ((ShEkHE
99% CHEHICHE) . HAM T OHFHEIC 3\ T b 2EREE & FRRE L o3 &R 25 EST
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LCW2Zennhsd, HEZLICHS . 500~700 m 1500 hE CHE BT R E R L
T2 (fFHEKEE 9% THEHNICHER), ZoHE coKBITEM & B zERicRoeFE21oh
TW3, B cCOBRTFHRER DOV PG SN TH Y (Sasanoetal,, 2018). D L BHAR N
DHEDKMTORFHREROWIOFARER L o TWwE T EBRBEINE, ZOFHILE L T,
BB A & AR 137 B ¥ C ok o i s 1C 2 72 2 BAE 165 b 25~30 o g T b iafF
MEEEPWDY L TnE 2 EPfEIN T2 (Sasano et al., 2015),

HARDMEE T, BB KRS EOoNE T, AlER/KIIC X 2EEY) O REFL - IC
o Tk, ANEIEENC X 2 ERBIEAFEHR L L EZ DTS, HAERETH PFEEOBHIE
FEOWIICL o T X I PERVREGEESI RS Ro T3 L 2RRT 2MEdH Y (MR
2, 2011), FERIICEIERLOELNBLAOHHE T O N 2 ATRENY & 5,

15@)|“H‘m‘1$ﬂﬂkﬁm ~ nomal value:150mol/m? g\
] F 20
] i 40°N
10 = s 15&__
' L 0 £ 35°N
] F 10=
551 2
g - 5= 30'N
S . g
= TS e A e sN g
] kR - T AL ] o f -5
-5 : il N
; 10 20°N
-10 F _15 15°N‘J£‘_

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 r R T ]
year 120E  130°E  140°E 150°E

Bl 1422 IHEKRFEFEHRTHICET28FF CRE 0~1,000 m) OFTAFRREDHKENE
(a) 1991~2020 % HHE & U 7= AL PR BV I CRAR 137 2. dbff 20~25 2 ) IC B 1T 26 FEHRE
(VB 0~1,000 m) D2 L, ffldFHEM (5 EOfE @ 150 mol/m?) A3 2Rz, £ Z NOfEDIEIE
TR L 7= BROEMER 22 . TRE A RT AR 137 FEERRBLIIFAG AR o 2 1R (1967~2024 4F) To R
ZALfER 2K T, (b) L2817 — & O % Rt ek T,

@) BREBOEYEE

SRIT 1L 1967 45 FikE 137 BEARICIR o 72 M EBLANE A 8 AR 22 i F Bl 2 2 L T 2,
1967 £E7> & 1971 £ 134ZF O ABU A T I, 1972 LA I3 A ZE & B ZiC 2 02 WBLHITTE 2 G
InTwz (REIT, 2023) . T OHRE 137 FEMICE T 2 BUAIR ONAE % X 14.2.3 1S3, BLA
JHHE & LT, K, . RIS, REBE, suu i aREBHEET 5, BEiilicbz &
I NGB 7 — 21 X 0 REE 2 RIAZAE) (RRELH), HEX 7 —n, RIAZER) 1B
TOIWRBELNTEY (B2 Okaetal,2018) . EMFEET AT Ialb—v a v LT
DG ICBE T 2 MR S oERICc b FIFITE 3,
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40'N
1965 19170 19175 19.80 19185 19190 19.95 20100 2095 20110 20115 3
N | -
20'N - - 20
10°N - - 10
6
0 - 0

120'E 130'E 140'E 150'E

1423 FER 137 EEROBR S
(fe) BIEoBL A RH) . () BLHIBHARKR 2> b O & & o BLIIR & BUIIZREE, el IR, i34
BRT, Bk, RARBIHER A, AL v £ 1,000m K, #% :1,000~2,000 mAKiifi, F :2,000~4,000 m F
i, %8 0 4,000m DAZE, 2FRT, [RRT (2023) X v I,

Watanabe et al. (2005) (%, 1971 4E2> & 2000 £E D HIMIC I51F 2 HAF 137 FEE #1 0 BUHIE % fihT L
7o WEREORATENH DV v (0.001~0.004 umol /I/4F) & & (0.01~0.04 pmol /1/4F)
DREIRAMICES - £F L b IciAMHAITH 2 2 L 2WHE L T3 (X 14.24) , T FKRC
SKHETDO 7B a7 4 b a BE S HAOMHEITH > 72 (0.27~0.48 mg/m?/4F) . Kimetal. (2022) 13,
1980 E4> & 2017 FEDIAMNIC 3513 2 [ RIT OURFEBLN T — % % L < BEITE TS o R EEIRE
DOEAUER % FAE L 7z KRERIXBERE B 0~100m) - #HRfE (L 100~850m) O &b
5 TH RMMICHMMER TH o 72, RIFTOREBEDORA 1Z, HKE TORKT 37 £/ 25%D
PEE IR EASRETH B L EZ LN T WS,
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N @ 0

POy (ave)(ttmol 1-1)

NO3 (aye) (mol I-1)

70 80 year 90 070 i ey
Wintertime (Jan.-Feb.) Summertime (Jul.-Aug.)

1424 FR 137 EERICH T 2 REEBFIORRT
KT vy ¥ VEE (a,b). V Vg (POsc d). HHEEE (NOs e, f) ORERY|, Mboy vFrik, 2z
NALHE 30~34 Loy (BE), i 15~30 oY (FE=f), i 3~15 Lo Py GRemm) %
BT 2, £l (a,ce) 3%4FoT—%, Hll (b,d, ) BEFOT—X2Th b, fEHEit, 3EBEHTHD
BRHERRE 2R 7, [EARIIAIZ RN IC X 2 RIAZ U 2, Bt o dhftid 7 — Y = I@RIC X - CF¥fl L 72 IF#
FBERIC X 3 HHERXT -V EE %R 3, (Watanabe et al. (2005) X Y . Journal of Oceanography
(https://link.springer.com/journal/10872) 7> SNCSC D FFH] % {3 CTHidfil ©Springer Nature)

Ono et al. (2001) (%, B TD 1968 2> 5 1998 FEDHIRIC 1) 5 1 H D LRRIT O iffiEEIH 7
—ZERIT L, KT V¥ ¥ VEET 26700 (190m FHILICHY) & 27200 (260m fFUTicHY) o
M DM <V v REA R IR (224 0.9 umol/kg/4F & 0.005 umol/kg/F) TH
5ZL%RL7z, Onoetal (2002) (FFICEH»OHICE T 287 — 2 2@t L, REEHNTO )
VIBHIREEA 2 A -7 A Em T 2 2 & (2 1E 1-0.08 umol/l/4F. -0.019 umol/l/4F) |
DRATENTD 7 v v 7 4 )b aiRfEn-2.35 mg/m/F ORI TH 2 2 & 2HE L T35, 1959
A B 2001 FE OHAMNC 3513 2 BhEIK & IR AKIRIC 31 2 MBI T — X R T L 22 IfFtic X B &
B & BAKIBORE TV VIR 2 12 3 42 FFREIC 26% & 36% & BHE i EN TH D .26.7
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oo (190 m fHiTICHHY) & 26.8 0o (260 m fHTICHEY) DEBEH AR L L2hETlRY Vg
Wz Z i 42 RN 12% & 9% DIEHNEE TH - 72 L s T LT\ % (Tadokoroetal., 2009) .

Kodama et al. (2016) 1% 1964 2> 5 2010 DO HHIC B 1F 2 [RTIC & 2 H AR H © BLHI{E %
AT L. EZI3KIAI 2> HIEREE 50 m, &2 3K 2 SR 100 m £ TOJE TV v B AME R ©
B o7z, —J7 CHEMEHE I X BN 2 RIAZAUER 3520 b i 5o 7z,

HBRBUANG R IR S izt v — 8L O CRITIC X 2 & 1997 4E2> 5 2020 4F 0 HfH
Tr/mu 7 4 )b a OREZ. AL 36 FEUAL o BRI IMER < H O | TEREYIC BBV < I3
WMEBRTH 2 Z LG XN T3 (Chenetal, 2022) ., %72 MODIS D& %M fiiae T — &% # H
WO TD 7 a7 4 v a @ 70— LD MBI 2 F~ 7 W5EIC X 5 & 2003 4ED> © 2020 4F
DA CALIFER B LD S L F vV Ao iR Ic B T I — 2 DB DS 6.31% /AEDE]
ATHIMLCws 2 e 2HEL T3 (Daietal., 2023) .

1422  FFkFH
(1) EELEHFER

R EOAB I, KFFHAFERICET 2R OZENPEETH % (Aoki and
Kutsuwada, 2008), Zf& V7 — %€ v b+ 2022) iIC&EEN 2 HABHEETH T —% (27445
) Cld. K& E LTHaET AR 7oy = 7 b 5 B (CMIP5) I &k X T3 4°C
EFYF VA (RCP85) & 2°C EF T F U A (RCP26) ZNZNICO T, 4 BEEBEHDEHED»LHS
NEBRUGH T — 22 HwTw 2 ((fik A22 2), chebEH S BEiEIciE, HE L FER
EOREXOHTFLHHBEML T3, 21 MK (2081~2100 FF-1) 1B 2 iEOFHHE

(X 14.2.5) %, 20 fHicEK (1986~2005 4EFH) & HE~_T, 4°C EH > F V4 (RCP8.5) TiIf3
Sv (1Sv=100md¥/s) I3 2 b DD, ZALIEIZRELRMEDOLEH OHFFHNTH 5, 2°C L7 F VA

(RCP2.6) TliiiE o B AZLEmIZ R b e v, FHIORHEFEEONRICK 2 &, =T 4RO
FERRKEV, THIORELREDOELZEZEST 2 &, RliiEOZLIFAE TRy (BLoEEREIX
fK\>), Z4LiE CMIP5 & CMIP6 D E T VICHE W CTEIOE X ZZMLAVNE h o7 2 & LEEAIWT
» 3% (IPCC,2021),

(a) BERBOFETAE (Sv) (b) BEFEFROTREM

4 | - T tmen cEET sl -
EFABOES D%
2 | FREHIERT 25D

R4

30 -

|/E RCF‘Z. 6 RCP8. 5 iﬁ‘?{ RCP‘Z. 6 RCF‘B. 5
1425 BAREEEFHT—XICEICEBHRED 21 HIEROFEFAHER
(a) HERE O FHE (Sv), Mo BT ARIEFEEOHP FEHERZE), (b) BERE FHloR RN (4
B ofla (% B.1 &),
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T E, RIS KIREHE 2> & AN 2 BN CHICTHNBFBIRICE S L W FERE 5D
FKHTETW 3, 21 e Ko Bl iz, 20 gk e lk_<T, 4°C EH > F VA (RCP8.5)
TiEA 02 AL k. 2°C EF 7V F (RCP2.6) TIdA 0.2 T3 2HmA R SN2 (X14.2.6)
25, WIS ZUIB I IRAEREOEF OFHHNTH 5, THIOREREOMNRIC X 3 &, Bl
CAFNEEAIC, ST L OEFNC X AR K E L T AOREEM AT, Pl R
FEHolE*ERT 2 L. BHRiEEoZ{LIZEEClday (BLoMEEIFE ),

(a) 2HRIEE DR TFRIE (b) BHFRIEE TR ORFEEM
35 1.2

- T N0 CERT LD E
EFLEOES DX

1.0 ExEHIIERTHELCDF
—— | ]
34 0.8
M 0.6
A T —
ﬁ:
33 0.4
0.2

32-

iz RCF‘Z. 6 RCP8. 5 iﬁ‘?{ RCF‘Z. 6 RCFI& 5

1426 BAREBFFHT —2ICEICEPRRBED 21 HiIE RO FARER

(a) EWNGEAEE DR T HIME, Mt D BRI AR IEOH (BFHERA) . (b) RWIHiE T oA i
() oFElE (i B.1 2R,

H A 70l 7 — 2 10K 21 AL R oMK OFBR FRIFERIC K 2 &, 4°C ER T
4 (RCP85) CTIHHAR oMW cERENLKE L &2 (K14.2.7), i, LR FHEO BTG
B2 % 2 & /R LT\ 5 (Yamanaka et al., 2021), FEGEER O LR I3, 4°C ERF VA

(RCP8.5) IZ BT, JLPER DN FE T crxEERES S L, miEEBILRE T2 C L i
MIGELTw3 (58 13.2 fisid), FfkoEAIZ, 4°C EF )V 4 (RCP8.5) icH1F % CMIP5 ©%
BOETMCLoTHRINT WS (IPCC,2013), Z D7z, 4°C LH v F U 4 (RCP8.5) ICH\»
T, UK PR EEIER S IUR S 2 THIOHEE I PRELEZ NS,

(b) 4°C EF >+ U+ (RCP8.5)

60N ((’fn'(‘f" S / T 0%,

50N

40N

30N

20N/

10N

120E 140E 160E 180 160w 140W 120W 100W FQ 120E 140E 160E 180 160W 140W 120w 100W

| I | I I — [ T D e | I I I | I |
=12 -8 s 0 ¥ B 12 [em] 0 [em]

1427 BAREEBEFAT —XICEDC 21 #HIERICE T 2 BEAROFE
(@) 132°C EF > F VA4 (RCP26). (b) 13 4°C LR+ V4 (RCP8.5) I & 5, 21 HicKic 1 2 ifFiHiKAL
DT l, FEROBERE D, 28 20 KA 50 ERE (em), HHEMBROMEL L2 20, R
BgmkbI D b DEEIRT,
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() HEREBOAGFTHREDNETA L EFER

HAE RO EFHEREORETHENC X, TRETFHT — %+ v b+ 2022) I & T 5 HAE
el T — 4% (FORP-NP10) ZfEH L 72z, T CMIP5S SID 4 €T LD RAT — 2 &1L
L7z, JERFEHEE T v (Sakamoto et al., 2019; Nakano etal., 2021) © 7 v ¥ v 7V EEEOFER TH
D, FRNFNDORLAT — 2 LT, 4°C ERYF U+ (RCP8.5) & 2°C EH>F U+ (RCP2.6)
D28 DFERTHEIDD 5,

INLDTHlITE, EbbnvF A Th 20 K (1986~2005 ) 75 21 ALK (2081~
2100 4F) 1A F T, HARIT OALPu AR R EVE I (RS 137 B dbig 20~25 &) D 0~1,000
m (LB LEFHREREOFEEAAR S, BRI BENTH S (HEEEFHEE) (X
14.2.8), 72, Tld GfRE LT3 EEE X R 2 28) REKW AR IESR & O WA MER & [FIFRE

ETHETH D (X14.14),

%change
&n

_1p] T Fores i
— RCP8.5
-15 : .
2000 2050 2100

X 14.2.8 BEEFROIARFEFERTHICE T 2EFEF (RE 0~1,000 m) ORFHRREDKREDEL
20 tHACK (1986~2005 4) % it & U 7z JLPEACFPE BT I (BRR 137 B, dbi 20~25 ) iIckiF 3
BfEERE (B 0~1,000 m) OZ{LHE, K. HFOEMLKIIZNZIN RCP8S5, RCP2.6 v FVAD4ETILD
FEME, AR, HOEMTR LHEHEIX4 =T AVORK - R/MEZ R T, BRI BLAE 5 B L 72 1985
LG OBRFEERE O FEME AW CEHR L 72, 20 HHidK (1986~2005 4F) FHHEDZ(LHK, H O FERER 137
BT X B BEER A 2 B A ZZHIFZ R LT 5,

() HEREBOEWMEE

HAJEIHRIC B\ Ch | FERI KR D FR. Z It 5 KIE o g IR G TERE 021 7
ik, HRECR SN2 0L RO EYIEERGR CREE, —REE) OFERZ(LE L 5 Al
WnEzons, UFTiR. IREFHEF— %% v b 2022] @ HAE#EETFHI T — % (FORP-NP10)
Z VT, BHATHEEIC 313 2 iEHE (NOs) & NPP DI k281t % 35 L 7261 (X 14.2.9) %R F
FORP-NP10 7 — % % Fl\ 7zt (NOs) DRl <, ychﬂ/%Jﬁ-ma%5>fE
L, Ax—v 7 TEIERAZ R KT oI AFH T3 (X14.290)
A D F ] D AL A Hi BV @W(IM29@$9uﬁmf\w%~m%¢¥ﬁuﬁféwkbf
2086~2095 FEx R % &, 2°C EH v F VA4 (RCP2.6) T 0.71~09 5 (10~29%D#k4) . 4°C L
v+ VA (RCP85) Tl 0.38~0.57 fi5 (43~62% D) &> Tw3 (X14.29a) ., %> F Y
F CORMER 1, PHEEEDOREER L CTHHERBAER L 2> Tk Y, F14.1.21H 3) In
L7z IPCC (2019) I X 2 RO/ F U A oA ER (X 14.1.6ab) & DA TH 5,
—J5 AHREHE O LA R (X 14.2.9 @ SP) TliE, 2°C EF 2+ U F (RCP2.6) T
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1.05~1.2 f% (5~20%D#EH) . 4°C EH > F VA4 (RCP85) Tl 0.76~0.99 {5 (1~24%D D)

EhoTEY, 2°C LRV F VA TideehEm ZrRd (X14.29b) o 2°C LA~ F VATl
IfEm > 7 U A X 0 RERZ EI 3 2 72 2 i, IPCC (2019) 1T X 2 2Bk g cld B ot
T2 o T-AHI T H % 23, HEFHHE T OBEIANIC O W CREEMEOIE S Z8 3 2 L RN &
TIRE A7\, Mk AAREIESE O R IEE O %Rk T Hlic o v, FHICH T W 2 42k
KAt T v oBURTORTERMEDR & ZEN PR % & o TS IR,

FORP-NP10 7 — % % 272 NPP Offk Fi#ll ¢, 4°C EH>F V4 (RCP85) TH % &, KF
o BBt dbi 38~39 B X 0l (358 B~ EEif ik 02 omil) oFFEE c IR
DER, 2 XY el c i inEm s Tl T hTwn b (X114.2.9) o THEEE & [FIERIC 1986
~2005 FFHICHT B E LT 2086~2095 Fx 2 L. HADOREMOALA A Em B i (X
1429 ® ST) IcHWT, 2°C EH Y F U+ (RCP2.6) TlE 0.88~0.99 ff (1~12%D k) | 4°C E
o> VA (RCP85) Tl 0.66~0.81 5 (19~34%DHP) L7x->THH (X14.29d) . [
B BEEBE O ERIE L TV T, ZOHHE O —RAEEIZHKEE (NOs) 2SFERHIRER & 72 -
Tw3 (IPCC,2022;3233) Z L AN TH S, &7 VA TORDERIE, 5 14121H 3) T
k72 IPCC (2019) I & 2 &ERIG 2 i E A (X 14.1.6¢,d) & AW TH 5, —J7, dbiFEEHRMl
DAL AR FE R (X 14.2.9 D SP) Ti, 2°C LR F VA (RCP2.6) T 1.04~1.14 5 (4~
14% D) | 4°C EH->F V4 (RCP8.5) Tid 1.11~1.25f5 (11~25%DHh) & 7> T3 (X
14.2.9¢) . Z DI FPEHRFERHEE C OB, 2R ZRZLMHm (X 14.2.9d) & 3¥[E ©
» %05, IPCC (2019) DFEBAA L <% — v (X 14.2.9f) OXET 5 LA AP HFERIHIC BT
[ CIEAMEI 23R S T b, 7z, HIEHE o RERZE A (X 14.2.9b) & O BATEZ SHISEIFR 1Z
Rond, ZoiEso NPP I »TiIKiad ERCHBREOZ(LLEE CTH 2 [REELE 2 b 1L
5, $7-. FRIC 2°C ER v F U AIC BT 2 &0 Fillicow T, fEkZfbEid/hs <, &TFHllo
AEFREDIEEZZE Z 5 &, ZNHICOWTHHERMERZEFD L I35 2%\, U T2 AR
I D NPP O&IFR TN O WT, FHICH TV 3 4Bk L2 & 7 4 D BLK DA TE Lt
5. ZAUE R RER IR % & O S I,
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( a ) ( b) ( C) EnsMeand_rcp85: NO3 [mmol/m3)]
NO3 : ST(135E—145E,25N—30N) NO3 : SP(150E—160E,40N—45N) mon=ann, dif=2080clm-1995clm
1.4 14 s

LN

8
L h RS

/

25K

.I..I.i.'.-‘nié

e

'
04701980 1930 2000 201 D200 2030 20402050 2050 SO0 20R0Z0A0TT00 1470 190 1990 2000 201 020202090 T4 20RO 200 Z0T0 IO 2000z 00 ™ Ve vieE T VR OE vieE THOT 1%eE 1e T
TIME (YEAR) TIME (YEAR)
EnsMeand_rcp85: NPP [mol/m2/yr]
(1d) NPP : ST(135E—145E,25N-30N) ge) NPP : SP(150E—160E,40N—45N) (f) mon=ann, dif=2090cIm-1995¢Im
r 4 5K e —
13 13
1248 y _ 1.2 ”‘_,,‘.w)”& BON
2 AR BRI =T S U Y >
g ! i | o s H B 1 e '
w09 ~ 03 o8
& o8 ; 08 o
zo7 g7
S 06 B as 30N

0. 0.3 20K L >
147019801390 2000 2010 2070 2030 2040 2090 2090 2070 2090 2090 2700 19701980 1590 2000 201 02020 2030 2040 2050 2060 2070 2080 20802100 1908 175€ 1306 135 140E 145€ 1S0E 155 1B0E 1656
TIME (YEAR) TIME (YEAR)

X 1429 BEXRE (0~100m) OREEIE (k:a, b c) RUNPP (F:d e f) DFFEF BRG]
(@)(b)(d)(e)iF ALA TR BT S OV FEH REI % I SR 1T 3K o 72 ARG S O — A E D 1970~2100 4E D 2L I
FHER L. & &IE 1986~2005 F (7L — i) P 2 TR L7z, (a)(d)iZHEVE (ST) .
(b)(e) IFWFER (SP) K T DR <. FRHTHEIRIZ (c)(f)IT/R L7z, 2006 4ELAFRIC DWW T, #RiZ 4°C LR F
U4 (RCP85). # i 2°C LA+ F VA (RCP2.6) %3, At 11 FBEFHEZ LZETALT v v TN
i, aHiEIZZOETAT VIV TADLRD 72 0% EEXME AR T, MfRiE. PEZEBNIC X 5 RHEFEME
DHEL LT, FEHRRIZR LS O, (o)(f) IR & NPP Z L2 Lic2 T, 1986~2005 FF-H 5 5
2081~2100 F ¥ ~dD 4°C EFH >+ V4 (RCP8.5) TORKRZELENMAERL 72,

143 EBREHR

(1) BHLEREEER

S e & Rk, Bk oA b BUG T DR K& { ZIFTw b, CMIP5 U CMIP6 &
FAITEWTIE 4°C ER S F V) F (SSP5-8.5) Tit, JbkERoRibE oIt s s fEsR ot E %
L7256 L, 2B REFHROI LIc o> Twd (IPCC,2021;9.2), 7272 L, CMIP5, CMIP6 D
KEDETFTNMICE T, BEIHEIERILEE £ CHARF ICHh > Tt B L, JbigEEHR T o a1
Bigdtinic THARZHEN THEST 2 L v o | FEBENRNICE>TwE, 2O X5 kiiho5G
IiE, 7 v Bk L AT & R ER O SRR (L 42 ) )RS o8Bk &
7% (Xieetal, 2000), —7F. BEMWICHAZ5EICIE, HEIEERF L2 50 X b D HUG ) DZE
B ZF 55K E v (Taguchi et al., 2005; Qiu and Chen, 2005; Yamanaka et al., 2021), %7z, H#lk
O HEReIIE. 2 DOt d HIFFIIEICHE 5 BAZEI D K E < BUGH) 72 T BUE 1 7n il
DL HAKE W (Nonaka et al., 2016), %7z, IPCC (2021) IZiEfRRET L E ZN X 0 b G
PMENETATIRICERRERDZTHA ) LIREL T3 (HEEFEE) . BER Bk R
TR T ¥ 27 A TO 2100 F £ TORER RN H A E T T — 2 (T5UETHl T — %
£ v b 2022]) MUSI-CAT 7 — X DA TH %720, % DWEEE IZK W,
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() BEFOARTEHRRE LEFER

IPCC (2021) i ki, HFED BRI & BRFRMVNE DILR MR DT D%  OFEl CHIH X
NTE2, ABEEIOEENREL L Tw3 &\ HEERTFVETCH 5 {3.6),

BRI CISERREE O & U8 it 2 D DERIC X o TEICHSTT 5, WHKiERD FAIC X
D WFIHICDIER DIBFRED/NS K720 . TUBEFEREOADICE <, IPCC (2019) 1T X 3 &,
VFREE DA T 1XEZREE 0~1,000 m DIEFER B DD D 15~50%ICFHF 5 L T b &I nTw b {52},
b5 12D EDIIC X 25 ICOWTIE, MBKIRE(LOETIC X 2i#KED EAIZRETXY
KEWED, REEFEBOMOEEAENERE ZEICXoT, HEOEAVHKBEI I DO
(Yamaguchi and Suga, 2019). Z #Licffv E TR OREECHHENIICE DV IADRNIZSE E Y . 7
MEERHEOMDBEL Z LIk bDTH B, FEEE IPCC (2021) TH., ARRIEBHIOFEIC X b g
DUFRAEIEIMT 2 L & bic, ErMbI g 2 &3 /z/zHEEE LT3 {23,53),

HAEE 7 OALPE AR e s BV I R 137 B2, Jbf&E 20~25 &) D 0~1,000m 12 351 % B
e E D 1980 FEITUFE O 4TI BT 221 (1985~1990 FF# & 2015~2020 FFH T4
FIBIF 2 BED o T 5) I3, BWREOIKTICX 235034 26%. 7Y D KF 513 KE D
Lo EICLZ2b0THDE ERED b, THIZ IPCC (2019;5.2) D b o#HBEHANTH O |
Takatanietal. (2012) DFERE BEALHL TW5, HATEOFETFHIO RED v Tk, KEDEL
X BFGRHEICKEL BB L ERLTWE (FEEEIEK),

R B T 2 BRI IKE EA & ARTEENC X 2 BREB(UBEHRTH S L L5 (AHE
MBI ICE ) (IPCC, 2021; 5.3), Kit EFIC X 2 @ oisftid, JhE L Rk Ic AR o EK
AR, IR TIRERESMIC X VIERM L 2 AR TEBEYSEIM L, 2 NS L TR X
N3 L CEHAHEEP ML CREMETABR L Z5 SR IR E INEL IR RZ AN =X 4
YT 2 LICHEZET 5 (Breitburg et al, 2018),

(B) BEOEYERE
WO EYIEEICOWT, Fido X 5T, FERE o RER ORI e —XEE (NPP)
LIELIEHIRT 2 WK & 2> TWwb (IPCC,2022;3.2.3.3) . KEHOBELHHOFHICE T
X, REEFEESEE 220, HEDOETNVICE T2 RAEEREOHE - FHIZH L WIED 1
DL oTEY (IPCC 2021;92.1.3) . KEH - —RAEEOFRTHNICHE T 5 KE A HEEME
(BWEFHE) o—KEAhoTwdeEX b D, KEHED S b, EROH A WREM: (ZACAHE IR
DREFICBEBNTHEM T Z v 7 b Vv EEZTIRT 2 23S 5 —F5 T, iBESROFFTTREME IS
KM - K27 v v 7 4 v (HNLC: high-nutrient, low-chlorophyll) #Es & M 4L 2 s C AR FETE
HIRT 22 S 5 2 &EAH LN T WS (Moore et al., 2013; IPCC, 2022; 3.2.3.3) . HAITHHS
Tl AERFERRFERBIE S 2 0 X O il e L CHIO LT Ww5 28 (Bl 21X, Martin and
Fitzwater, 1988) . #k1Z FORP-NP10 7 — X DEF L 7Bt R ITIFA>Twix\y, F/-, HYF
W, B, Ak — 7 & OIHED —REFEICE O TIIKRALH D b O KEREERAM
EREETHIZZEPHONTEY (fHlziE. Yamamotoetal, 2022) . #® 7 1+ X3 FORP-
NP10 ETMICIE A TWARWEZD, TN DHHEDE T ATHEICITEESLETH 5, HiEDO—
RAEFEDMRAE T 2 EPHIRILFBDOL ICDOWT, ZDIEMHRY 2L —vaviiTH T &I,
Higks 2T LT AMICECTIET ZETHOETERE L 7> T\ b (Séférian et al., 2020)
(IPCC, 2022; 3.4.3.5.2) .
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