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Abstract

The Earth System Model (ESM), a numerical model for the quantitative description of the climate
system, is the key tool for understanding and predicting climate change as well as assessing im-
pacts of human on climate change. Its development is at the forefront of global change. Although
the state-of-the-art ESMs have made great progress, they are still suffering from several common
simulated problems. By incorporating the ocean surface wave model into ESM through the role of
small-scale waves on the ocean vertical mixing and air sea fluxes, two generations of FIO-ESM are
innovatively developed by the First Institute of Oceanography (FI0), which can effectively reduce
the simulation biases. Focused on the effects of ocean surface waves on climate system, this paper
mainly reviewed the background and history of the two-generation FIO-ESM development through
introducing four distinctive physical processes including the wave-induced vertical mixing, the
air-sea flux induced by Stokes drifts, the heat flux associated with sea spray, and the SST diurnal
cycle scheme. And the simulation ability and applications on the climate change and short-term
prediction are also introduced. Finally, the future development and suggestions of the ESM is dis-
cussed from the perspective of the role of ocean surface waves on the ESM.
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1. 5|8

R RGN (LA FEAR AR )R E BRUR IR TR KRG RSB EER A, 4
KREFTHENREF . Eld @ BB R R M ER S R Ge 3 . B AR AR DU LA
BAFMSER IR, 2R HBUEAR 2 7 SO i J7 FE L EAT SR 1] [2].

E M 1969 4 Manabe 1 Bryan [FHF A% TAE[3 LAk, SRS TR R BRI, 205 7
SRS ARG, CEEANBIE S AR AR R RGN B B HR
HORB R . AEEL, e RS ok R 2%, BN RE I AR D iR, C Oy PR AN TN
AL A NI R AT (A% 0 TR, R R Nt RO R 2725 3l 72 4 BRAS AL AT T 7 )
RIVE M Z 7 [ 2 —[1] [2] [4].

S RAE 1991 £F Hasselmann L2 H 1A & KRB BT, IRAE. 2EREYT
5 I RAEI S 3 R AR CHEBE[5], R B TR Gt S RN RO IR I R AE R ROBE % & G R AL
CERSY 2 RO YT SR w iR N 1k S WL 1T S W3 57 Sk S D P &ta27 O Bave ULy 62N
Ak, WHRAER —BERZ B EL[4] [6]. Qiao 5K ILARMIRHRIE & AU IAER B W I8 PR B R (KR
[2), SiF LIRE RS, #EmE CERARAE SR & BIR(RBUR & HR) (7], R RS
32 P 45 AR W HEIR AT LIS I AR AR TR A RO R RUBE A AR i R 48 = AR BB, IR RENS Iz
21 A A A A I i ) 28 51 48 B0 Al 22 17 2 7]-[ 17 o

N T HES SARBCR R R, INGRERIR SUE R G ERIRIGR, EAR IR — et TP (R K
TEREE —HEERE AU L E R B FIRBUR & FIR AVIN R, 5L 1 B M B R AR 207 & AU gt
FIO-ESM v1.0 (First Institute of Oceanography-Earth System Model version 1.0) [6], FRILH T B aF BRI
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B, FRARIEHERZREM IREZ. BE, BRAOTERIEIRSESEEMER, /£ FIO-ESM v1.0 )3
filh b, 38 5NER G v W i OB R AR L R W B R SRR, RET
5 AE TR AER K FIO-ESM v2.0, #1245 5388 FIO-ESM v2.0 7E#H7 Hh X (IR RE I A T4
KIHE 4]

A5 FIO-ESM £ & LLRHR AR & MR Hhak R G o, HR X T 2R B f S AL AT 5
A HEE . A R B AR R GeR s FIO-ESM % & I REANEfg , 78 b BEmti b b < e X
ARRKEHAT R, AR K RIS %

2. FIO-ESM v1.0 WEREER
2.1. FIO-ESM v1.0 B & R

IR R BRI T iR B Z WIS —, W ankigrEd &t i iz shBa[18], HEERK
WHIRAE B R Ve ] — BRI S S A e IR A b . i TN RO IR AE K DT 1) B
RREEFRFARZE 4~5 A8, IR E SR 0 VR A E R i R R G . MEXHIRIE S
(A 9T E SR AR IR TR A, AR T BT 5 5 M) PR AN JR) BRAE g T DA R T UKTE B Y, T R 2
PERIE SR EERZ, B, EE0FR D REEERE R KRB 5% R G i
559, HAEH—BEARZBNEM. Qiao FARIMR 1 R, B EHR T IERBRIRS, EHEFJ7H L
LR MR TR RE(AOK), Sl LIRGZE A, Mm@ ViRBUR G EIR[7]. Krzdig M
H %] POM (Princeton Ocean Model). ROMS (Regional Ocean Modeling System). MOM (Modular Ocean
Model). POP (Parallel Ocean Program)& 2 MRS, HRe@E i FZHRE, A ResE
TR A E R G B R R (SST) fmixX — 4 S i) @, X R WIRHR e I T e iR &
A FE A KR B W A 7= A B2 [ 7] [8] [9] [10] [11].

BEfE, ZETIREURGHIL, ARESKREE EOHKK MASNUM R & 23 E R o=
BRI 5T i R SORH AIsRIAE AA J 2 BB AU I 5K SR 56 %5 (LASG) K I A5 20 FGCMO (Flexible
Coupled General Circulation Model version 0), 3% [E KA 7 # O (NCAR) K & S F AL A CCSM3
(Community Climate System Model version 3)H1[12] [13], K IRER & 10 I HE IR & FES R B LH RS
ERGE P RAE 7 EEAE R, R A BBz 2 BT U T i B a0 R i 22 12] [14] [15]% RIEZERIX KR
WA R[16]. T RVEIR & S v [ 17155 R 54 B 22 o), ACAsASE X AR ASE 00 R TR0l i 70 45 3 R R
fE[13]o LA RGEERT FE s 1 /N R I VR I AR I8 e g VR 5 A S R Ui SR BT | 7 Uk R G b
A EE AR LR, IR T HHIRAE U R G A R B

FELAERFudEa b, 20d KREREE R, 128 BT e o UE sl CCSM3 M & HES, L
IREBUR G NUIN L, AL T EAME &R E A FEE N FIO-ESM v1.0 [6].

2.2. FIO-ESM v1.0 #&R &1

TEHER R, FIO-ESM v1.0 H1S0 {5 R G AN IR g P 50 7 AL (4 1) S R
FERAHRWAE R CAM3.0 (Community Atmosphere Model version 3.0) [19]. Ffi[if& s CLM3.5 (Community
Land Model version 3.5) [20]+ ##EEIA AL 20 POP2.0 (Parallel Ocean Programme) [21]. {0k CICE4 (Los
Alamos National Laboratory Sea Ice Model version 4) [22]F1#E/RAH =, MASNUM (Marine Science and Nu-
merical Modeling) [23], EAIE B & #4548 Coupler6 #54 SLHUN — AN 58 B S5 R G A PR 1Y
(B 1 B EFETRAE) G KR COy —4ERIa Al [l M B PR BRI R B IR PR Y, X e A1 A A 22U AR
HAEFHA R A e BRI R, A S R I AN RS AR CASA” [24], MG VFERRTEIA
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PR [ OCMIP-2 [25], “ARY)HS FEAN S BRBRAE A IR AR ELAR T, LRI A Bk AL

£ FIO-ESM v1.0 1, RIS &85 H 13 2T 10 K7, AR5 THE I BERIT i, 82195
RS R R A BEOR TR AR RIRER G R IFAORS M E S, W UB AR & SR
BURS RE IR S 203 B 1) 5 R h B0 PR R ORI BRI T RE T I R Ay BOR
(SEAPSYIE FEIRIERE S

CLM3.5 130) )

et MR T A BT
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Figure 1. Framework of First Institute of Oceanography-Earth Sys-
tem Model version 1.0 (FIO-ESM v1.0)
1. HEKRSGIER FIO-ESM v1.0 {ERREE

FIO-ESM v1.0 R —F o #reii B (% 1), BPRABIIKT 038308 T42, 4979 2.875°, M43 26
2, BRSPS, BRI #5017 x 0.27°~0.54°, &[54 40 2, IR
PR IIACF RN 20 x 27 KAMER ., BB RIHEUKE S Hh & 25 RS AR N 24 Y/d, PR
FhE BRI AN 1 JUd, IR SRR G 3R I AC AT 4 1U/d . A 2% FIO-ESM v1.0 405 WL SCHR[6]

2.3. FIO-ESM v1.0 B9 FB

e FIO-ESM v1.0 20 158 Tu ik [ bRl S A X ELETHRI(CMIPS) [26], Hh A fi RGBE A TE R
T b Al 5 ) i 56 (Pre-industrial)« Jf7 52U AL S (historical). 4 ZH ML AUIKR T BRA2(RCP) A K A 45
IO 6 k AERTAHT AR, A0S BRAE A A 258 i T L BR R Go i ol i i 4 X G
(ESM Pre-industrial). [ 52 S g A548L 1856 (ESM historical)fil RCP8.5 f A K 1 444 5 il b (4 2). XAFKRE
HEFPEATIE B YRS N E bR R A R EE BRI, FIO-ESM v1.0 a2 BT CMIPS At = b e — i & g
RIS SEATEAG T, B o iR R 20 A% B B (ESGF) B 7 s R A Lk, O W
A 491 REiRZE S R0

CMIP5 Z AN L &5 KB, FIO-ESM v1.0 X AR ACFE SST [27] AbARIGIK 1) Z= 5151 F1 A2 1 34
(28] JE/RJEVEFIEG 7 ¥4 2N (ENSO) [29]. KRR KIAHIIE[30] PHALK TRy m R [3 155K

5] I SCRiRF1ZE DL BT hitp://ode. fio.com.cn/FIO-ESM/CMIP5_Publications-FIO-ESM.html
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Table 1. Comparison of Components models in FIO-ESM v1.0 and v2.0
# 1.FIO-ESM v1.0 5 v2.0 2R L

AR FIO-ESM v1.0 FIO-ESM v2.0
B4R CAM3 CAMS5
T IKF-: Té% %‘:87256“ %2.875"); 7KEF:£OIJ; :(0.390“ %1.25")
A B JIHELE Wihi(EUL) A IRAAFA(FV)
RIEEAN CO, =B Y CO, =B Y
e ES 24 ¥Kk/d 48 /d
A B CLM3.5 CLM4.0
- SR KPP R — KPP KRR —
TREAN CASA’HEA! CN 1544
(e ES 24 k/d 48 k/d
B4R POP2 POP2
A 1.1° % (0.27°~0.54°)
iyt L A0 ROBEE1000m 222y e it 38, JEShARE - 1000 m
53N 40 )2)
ARG OCMIP-2 %! NPZD ## %!
T AT 1 %/ 8 ¥/d
BB CICE4 CICE4
K SR K5 R 5 g A IF) K5 R 5 g A IF)
(e ES 24 Kk/d 48 /d
B4R MASNUM ¥R MASNUM IR B T 1257 b
IR IR 2°%2° IR 53 3 5 g AR [
A A 4 %d 8 Y/d
(S S — RTM1
Eeeii Pag i — 0.5 x0.5°
[T ES — 48 /d
e CPL6 CPL7
Table 2. CMIPS5 experiments carried out by FIO-ESM v1.0
%% 2. FIO-ESM v1.0 FFf& CMIPS5 I8 %1%
5 4 B R B EHHHE
Tl i i 4 R 56 (Pre-industrial) FEHIF S 1200 a 1
7 523056 (Historical) 156 a (1850~2005 ) 3
RCP2.6 5l 95 a (2006~2100 4F) 3
AR BGMRIE TR RCP4.5 5 55 95 a (2006~2100 4F) 3
RCP6.0 15t ik5% 95 a (2006~2100 4F) 3
RCP8.5 1 5tk 5: 95 a (2006~2100 4F) 3
SRR (6 k AFE R IE 500 a 1
Tk A $5 HR 38 (ESM Pre-industrial) 5 400 a 1
Hh Bk R G BT IR 3 52336 (ESM historical) 156 a (1850~2014 4E) 1
RCP8.5 Afe1 5% T3l (ESM RCP8.5) 95 a (2006~2100 £F) 1
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B T B RIRELRE J . REAR SN TIREBUR AR, R E 2B NBERERREIKRE, A
AR T RIHH H OIR A R RO v 5 1 e B50[32] [33], G RHbIG N T A5k b2 E B [34],
A3 42 BRT35) SST AGUK MBI S & 3 .

K2 45T 45 A CMIPS SARBEBLL1 77 52 1 3 (1870~2005 4F) 4Rk~ 45 SST A8 4k . M FR AT LA
Eih, 45 4~ CMIPS BT REAILH — -t 20 iR R e sy, 2P 2 aarg) Sum(E 2
AR L) AR O R BT LA B 0.857. BARZBIACF I 5 MM 43 255 0.101°C, {H 2 B AR 1) 4
BRF8 SST MRS A A BRI E M, 43 %2 H KN 1.247°C (CSIRO-Mk3-6-0), H/NA 0.112°C
(CMCC-CMS), HH FIO-ESM v1.0 (1] 2 ¥ (¥ 26) 5 M 1 4835 %8 0.146°C, 1 45 M HHEL 531
R 8, R T IR AE

21 Hecessia sccEssia | 8o Lec-cattatm T BNU T
— — cangsmz — — ccsws — — CESMI-BGC — — CESMI1CAMS CE SH1-CAMS-1-FV2
— - — CESM1FASTCHEM — - — CESMI-WACCM sr—rw=— CMCC-CESM — - — cuceen CMCC-CMS
------ CHRWCMS tiaies CHRM-CMS-2 Ciiiis CSIRO-MK3E-D  veiees FGOALS-gZ FGOALS-s2
— FIO-ESH GFDL-CM3 GFDL-ESW26 GFDLESM2M GISSE2H
HHH GissEzHce HHHEH GissE2R HeHHE GissE2RcC M Hadcka HadGE M2-A0

Q) | peeee HaseEu2CC Herbebt HadGEM2ES seetdess INMCME 4as4adie IPSLCHSALR IPSL-CMSAMR
sk [PSLCMSE-LR sk MIROCS oo MIROC-E SH Jooksciied: 1 PIE SH LR MPLESH-MR
MO0 1P I-ESH-P H90000K MRI-CGCH3 2600099 MRI-ESH 1 20099990¢ N ofE SH 11 NorESM1-ME

e Had|S5T1 — Multi-Model M ean

1 1 1 1 1 1 1
1880 1900 1920 1940 1960 1980 2000
A ()

Figure 2. Time series of the annual and global mean sea surface temperature (SST) from 1870
to 2005 (units: “C). Black thick line: Observation (HadSST1); Red thick line: CMIPS multi-
model mean; Colored Line: Individual model of CMIP5; Blue thick line: FIO-ESM v1.0

B 2. FSEETHA(1870~2005 )& TREF FHERIBE(SSTIME L (BAL: C). ABHETE:
WM(HadSST1); LIEHMSEL: CMIP5 ZRATY; HEHE®LZ: CMIP5S &3, Hi
FIO-ESM v1.0 Al &S0k

K 325t T 47 N CMIPS S A AR L 1A 1E 42 TR IC % LR (1979~2005 4F) 1 AL Hlk ok 78 6 i (1)
FEA GO W 3 BEML) TR, bk s o E A E W ENENEE, 863 AmEk. 9
A/, CMIPS 2RI 3 40t 20) 5N AF &8s, FaRZESAN A8/ T WIMER 15%,
R AR A 2 B AR (8 3 BiEadik). CMIPS RS MMM L, BHRIEZER AN 3.99 x 10° km?
(GFDL-ESM2G), #¢/NA 0.36 x 10° km® (CCSM4), JL FIO-ESM v1.0 (1] 2 #5 €t £8) 5 000 (35 75 AR %
24 0.66 x 10°km®, 1 47 MERFHEL N 8, BRI T 55 1B Ak

FIO-ESM v1.0 7£ SST FHfg UK S5 5 TR It 1 i il ae 77, BRIk, FRAIEE T RIS & R R
IR e R TT RN T AR TN R SE[35], M 2014 FEileS 5 T EERIE kTR 2,
2 [ Al e 2R DK T -9 T ttps://www.arcus.org/sipn .
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6 AR ML TSR 2016 FFEAE E SRR BTk th OS], D8 JE/R B TR A S
TR ACAR AL 5 15 (AL T 1) S A0 S 25

35 1 1 1 1 1 1 1 1 1 1 1 1
ACCESS1.0 ACCESS1.3 BCC-CSM 1.1 BCC-CSM1.1(m)
BNU-ESM ———- CanCM4 — ——- CanESM2 ———- CCSM4 ———- CESM1-BGC
32 CESM1-CAMS - CESM 1-CAM5-1-FV2 —e CESM 1-FASTCHEM -
e CESM1-WACCM - CMCC-CESM CMCC-CM CMCC-CMS
----------- CNRM-CM5 e CNRM-CM5-2 - GSIRO-Mk3.6 FGOALS-g2
29 FGOALS-s2 GFDL-CM3 GFDL-ESM2G GFDL-ESM2M -
GISS-E2-H - GISS-E2-H-CC “HHH GISS-E2-R - Had CM 3
-+ HadGEM2-A0 HadGEM2-CC #—$—OHadGEM2-ES F——dinmem4
.26 1 ¢+ ©IPSLCM5ALR 44 IPSL-CM5A-MR IPSL-CM5B-LR w—x—# [IROC4h -
NE *—#a—«MIROCSH w4 MIROC-ESM w1 MIROC-ESM-CHEM MPI-ESM-LR
i~ #—+—= MPI-ESM-MR —— MPI-ESM-P #——=NMRI-CGCM 3 A——= MRI-ESM1
o 231 MorESM1-M NorESM1-M — F|O-ESM m— Observation -
<o mmm |ulti-Model Mean #——k 15% error around Observation
=
T 20 - -
B
Ejé 17 | i
=
£ 14 -
B
s
T
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8 - -
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2
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Figure 3. Climatological seasonal cycle (1979-2005) of the Arctic sea ice extent from the Sa-
tellite observations and CMIP5 simulations (units: million km?). Black thick line: observation;
red thick line: CMIP5 multi-model mean; colored line: individual model of CMIP5; blue thick
line: FIO-ESM v1.0

3. DEWM K CMIPS 1R B IR 8 7k B S SE BRI 2 F(1979~2005 ) FH R FT AR
(BB 10° km'). BEMFELL: Wl; TEMEFEL: CMIPS ZEXTFY; HEHEL:
CMIP5 %%, HH FIO-ESM v1.0 Ak &A%

3.FIO-ESM v2.0 H&ERKEE5 CMIP6 1§
3.1. FIO-ESM v2.0 I & R

FIO-ESM v1.0 [ 541 TAFE 2 B /N ROBE IR WT DASd e o538 Vi 92 o P Y 5 A R 17 e O FRLBE 4 BROK 7
A SRARAL, XA R 22 P R TR & R M iR S5 % ) R Pl . b TR ok
Yo, HA I ZE A LRI T s, Al R 8 DL GE SRR AN 78 2 R BU R B
M7= . RIHEAE FIO-ESM v2.0 KR JE, B 1 70 BRI Sodt b, Jdi] 22508 1 il = 0 i i)l &
AR, T A R OB B A IR TCAOHE SR GE EAE A LK SST H AL SRR (14
P RO TR E S HA T R . DU B R =AM B R AT R AN A, TG 2E W0
[4]F1 Bao et al’..

*Bao, Y., Song, Z. and Qiao, F. (2020) FIO Earth System Model (FIO-ESM) version 2.0: Model description and evaluation, submitted to
Journal of Geophysical Research: Ocean.
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3.1.1. HiERiiRmRsBEER

WHE e TS TR K B AR 32 Sl e AR 2 1 S R AR ek A TR ANt PR T A2 VR A% 48 77 170 L
PR RRAR B H A RIZ[36], HOT A SR R T 0 A BEAH A P A% HOR/ N Tk B 3R 1 7 23
s AP R R DX RE S R R U Y

R, A E R T SRR A R PR A S, AT R XSy TG B AR G
I, A TR DRI P R KR 5 R R B ADG S E » Ssi b, e s i Sl A i K e s i) — & 2
L, £ FIO-ESM v2.0 iUl E TR, B UCKH 7Y LGNSR R, BRI, #
U I A 0 B = 1 R T T S A i 1o R oR T B U

3.0.2. SERCAESRERER

WIS AR 7 2 R NI E N KL S Z I, — 5T KR A7 BLIRE KR B HE R,
BEAR TR R TIR L, AT R 1 i R KU IR AR B AL e, 53— T3 T R 7K 28 A M Ay A TR 1Y
POR, SEIEAGES. FFURE, MR 10 mvs B, KA RGBSR AR ZM, A 2~3 5,
PRI, ST A A B35 B A it Pl A R IR R B A R (37

£ FIO-ESM v2.0 S GE RS, RGN TIREC AN Sl BRI, BIZER AT A A Xt 55
HURAGE BT AGE R A B, B EARYEZ 06 22 SUTHEAS B WK 51 R A GE BB AE AR N
RN TINER.

3.1.3.SST HEWSHBUE R

HAR IS 22 SST i R BN —, ST EAE AR G EEAEH . R,
BRI KA 5B AR, Beilt SST HAMEIERE, (ER M TR Em O FRIAL,
SST HARAVRME 1) & BT & — PRk [38]. 2 Um0 H RGO T, 9l SST HA S %t
Ji e — M AT IR T

£ FIO-ESM v2.0 H', KM T Yang 5508 K I — SST HAMLZE 4k 75 %[38], i il
—J2(5 m B RE . BN R NEEYIE W HEEREO m B)MRE, A5 SRR
M2 — B ROR AR AR T S a5 .
3.2. FIO-ESM v2.0 #& &/

FIO-ESM v2.0 IHESRZ5H4 5 v1.0 2K, #2 it # & 28 SLBA R o B2 AR & (4 4), (Hi
THEA#% 1 Coupler 6 J+44/y Coupler 7, FRIHEAMEEA i iR K 2 725 2 248 i 77 sU(MPMD)AE 2 1 B %
7 % HdE i 77 U(SPMP).

B T RO A4 3 FhER 3 FE AN, FIO-ESM v2.0 (18 7 A St 2 BiITF R 1 TR AN G5 1),
BAkfudE: KA ERH CAM3 TH N CAMS [39], #h/HESE ti 7o Bk 7 1248 A BRAARE, KF
Y HER ) T42 $EEE] 09 (0.9° x 1.25%), FE[AMZEH 26 EMNEF] 30 2, A BRIE K 245 € R
AR BETT %8, B8 TRV IR B4 R4 S RN TR s Bl T 4 A U CLM3.5 A4y CLMA4.0 [40], 7K~
IR G RKA o B HIE, WK BN CICE4, ACF PR ERFAZE(1.1° x 0.27~0.54%); HEE
B AIA POP2, 7Koo 5ilgok oy Bl — 5, (HR ) 0 HE Rt 40 E %3] 61 2, KA1
J2 SST HAMSH M T ZiZWiH) 0 m HEZ, 2 2~61 ENEHFHAERNH)Z, BFEFESESR; &
TR EAS AT A AR B IR 5 — R I T E SRR R Y MASNUM RIS, Hy T i IRBUR & R4
R B = HERAE IR A S A, SR M RO AR, SR T TR AR M TR A 2 B B 1 N BT 4y
BHR POP2 1, AP 3Rl 2938 B 1.1° x 0.27~0.54°; 123 7 A 2 M i T A 2 A e A oy 7 B
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M > B RTM (River Transport Model) [41], 7K T2 #8%4 0.5° x 0.5°,

RATBRAEER
CO, Transport

KA

Bl BRI HFHERRRER
CN NPZD

Figure 4. Framework of First Institute of Oceanography-Earth Sys-
tem Model version 2.0 (FIO-ESM v2.0)
B 4. HIKRGHER FIO-ESM v2.0 #E5REE

FIO-ESM v2.0 " [RSBRAGIABILATS AR CO, =4EMa iRy, bl b PRASEAY ol i A AR AR Y
CASA JI% 7}y CN #5%(Carbon-Nitrogen) [40], HFVERRIEFMEALTI GO R8N /15 5V
ERIL 20 A 1) NPZD 27 (Nutrient-Phytoplankton-Zooplankton-Detritus) [42].

3.3. FIO-ESM v2.0 &/l CMIP6 &5

5K CMIP %A [, CMIP6 156 38 FH i 5 (Common Experiment)fll £ 41|45 3 b #5711 &Il (MIPs)
RIS K[43] [44]. FHorbidm RSN TS, ZORFTE SR RA L A5e i, I B A 1) 430
gE 5, WERESEIZW. PR AR IR (DECK, Diagnostic, Evaluation and Characterization of Klima Expe-
riments). Jj S0 AR AL 56 (historical simulations, 1850~2014 4F) B2 LA, DU RIRERELL M A
Sk CMIP AR BB AR . BRI LT 1H Rl 2 3 7. AE DECK A S AU B A5 i kAl B, 41
YRR E R ) B R K B AT Bk AL A4 i 2 RO R . SIEA IR AR, RAIB BT
RIS, &AM AT DL BE B SI0, RIES B RES, TCR e A8, AZ4m.

FETF B R B S AN FIO-ESM v2.0, JFRE T CMIP6 FIAHIGIRIE (K 3). MATE & 5Em T i i)
RS, AHE H AR EE BT RI(AMIP) - Tl iy i 4% i 5 (piControl) s CO, ¥R ERFEEIE N 1%15
L1 pet COF 4 £ CO, ¥R [ FE3 (abrupt-4 x CO,)%% 4 4RI B DECK LA K J; st S flikse . T
My BT RIS B S 700 HE(301~1000a) 4= 3R $57 35 B A EL 3318 3.78 C Al 34.72 psu, I HE AL
BN, 435319 0.0155°C/H A 0.0001 psw/FH AF (] 5), XERHAER 300 /5 CDEEF] 1P
HBONE, B RIEKRARER, #—D0irh TS RIEAF R,

IR CMIP6 BHF TR C 28N 1 RV B THRIA 21 AN[43], FRA TR O R KA} 27 ]
FIO-ESM MHs 1, JF/E T H 6 N RIIBC L7 RIB0REE, o B8 & S s P LB 1Rl
(CAMIP) [45] FARBRAAE TN 71+ KI(DCPP) [46]. A=ERZE X LLEF1HRI(GMMIP) [47]. R L+
THEI(OMIP) [48]. 5 5 A L4 11 Rl (Scenario MIP) [49] A1 vk AR 2 Eb 5 i %I (SIMIP) [50]
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Figure 5. Time series of annual-mean global mean seatemperature (blue line; units: ‘C) and (b) salinity (green line; units:
psu) from 301 to 1000a of piControl experiment carried by FIO-ESM v2.0
[& 5. FIO-ESM v2.0 FFRBHA piControl iXIEHEHIET 700 ££(301~1000 )L IKFHEE (KL, BAL: C)FEE(FE;
BAGL: psu)HIBTEIFS
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KX RGNA T HAREA IR B B IR TR — WP 0B (5 B 507 R 88— I P U i R &
Gipi X FIO-ESM K JEDIFE R BT It . FIO-ESM IR R, /INRIEHEHRE KR ESFE RS F R
WP EE MR, F55/2 FIO-ESM v1.0 35 CMIP5 2 J5, 4RRIFEF RS ENIBIIESZ — MR
TESMER G R Z 2 2 MR M E L, £ E KSR OEREH KRS 5 CMIP6 AR
CESM2 1, OB ERMERIENESEE R Z —(ttp://www.cesm.ucar.edu/models/cesm?2/), & EEH KA
S BN IR A T R ISR SN CIESM HE A T MASNUM IRBEA[51].
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Figure 6. The historical simulation (1986-2005) and future projection (2081-2100) of annual mean sig-
nificant wave height change relative to Pre-Industry period (1850-1869) simulated by FIO-ESM v1.0
(units: m). (a) Historical simulation; (b) RCP 2.6; (c) RCP4.5; (d) RCP6.0; (e) RCP8.5; (f) Zonal mean

[ 6. FIO-ESM v1.0 #& I FFUME & FHBXCR ST AR T 1850~1869 £F) (B1L: K). (a) F5E
R 8(1986~2005 £F); (b) RCP2.6 155 (2081~2100 £); (c) RCP4.5 158(2081~2100 £); (d) RCP6.0
&3 (2081~2100 £F); (e) RCP8.5 [E&(2081~2100 £F); (f) LE1FiY
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