- Earth Simulator JAMSTEC Proposed Project

SAEZEENGE SR OREFHIE T 2 72 OBk T 7 — % & > MEEE

REEITY ) e o
T ALy VEPERFSBITEHE (OGRS EAE M e Y =T ) v T e S5
S

(DAL /3 e = N 1/ o D IR E Sl M 1 TS - R

LR PERFZC Bl S ek AH IS A AR B0 15— =7 Y o~ 7 1 /' 5 A, *2Nansen Center/Bjerknes Center
for Climate Research

REEENEIS A FELE T 1 75 A(SI-CAT)  ITBWTC, #15 HIBRSE CORBEEBREISKOMFICET 57
B, BARBEDZ KR L Ulo SRR E ORI T« NFEF T AT — ) VT EREITH) Z &1L, K

SEARABIE D FFe 2 2 T O SRR R THIT — & & » h(FORP) D4k B fifi(version2) ZfERK L7z, 1 DIk
ARG FER) 10 km OFEICEEERE T AV(NPL0) I Xk 5T —# & » F(FORP-NP10), & 9 1 I3/ FEARGER 2
km O HASEHEE 7 /L (IPNO2)IZ & 55— % & » 1 (FORP-JPN02) Th 5, K541 & LT CMIP5 7> 5 MIROCS,
MRI-CGCM3, GFDL-ESM2M, IPSL-CM5A-MR @ 4 ©5 /L% #7E L., historical (1960-2005 4£) 3 LT} RCP2.6,
RCP8.5 (2006-21004E) D v U A% #-H L 7=, FORP-NP10 TiX 1960-2100 4 DHKAI/IIC £ 5 A FF 860 44y D
7T NT — 2 % FORP-JPNO2 Tit 15 O A W D0BET HZ LIC L D65 240 0% A AR

TA AT =2 ZER LT,

F—U— R EHERORTR, WEF T A=) 7, WHEET )V, KUEABNES, SI-CAT

1 iXC®»IC

SR EREICEAT S 7 1 75 A (SI-CAT) Tl
M5 B & ORI RIRE 22 S K ORI @
KR TRNGROAIN A BAYE LT, ARk PRGN
BLOF T A=Y o TEIRORFEEIT> T D, K
AL, SI-CAT (1Z38V T HAE I ORI A T
T WD T2DOT—H ~N—R (AR
TFRT =2 =) OWEEEATH 210, BUERER &
O 2030 FTIN DA A S eI R EFFEL « FR TR
FEER LN ENE W BRIRROIFEL T R
— U T EREERT 5, T 5 SIS T
—% & h% FORP (Future Ocean Regional Projection J:
D) LATT T, ZHE TIZE ORI (versionl) 7 — &
Ty NAREEL U7z (AR 30 AREE LA — MDD . A T,
ZOBIERL 31 (BFL) FEIA T2 E DU BRT —
2t b(version2) OREEMEELIS I UNE FARGIEE] D—EB
ERRITBNT 5,

2. EFNEREOE

F—F ¥y MEEDOT O OEBHFETT LY AT A
& LT, BASITHHIER T 2 B RE SN D FHE
10 km~#%% 100 km) DYEFAEE S FREL ATRE /27K 10 km
fEGBE O L KT TV (FEHE T 100°E-75°W,
15°S-70°N . LAF. NP10 EMES) 35 X OV K oo%k
km B DV R 5 % i ATRE 2 KT 2km fIRAREE D
H AW £ 7 v (f8 813 122.6°E-150°E,
23.7°N-47.5°N. LLF, JPNO2 ELPEE) #BAFLI-, =
BT R G FE AT I YETEE 5 L MRL.COMv4
(Tsujino et al. 2017 [2]) & X—RAIZL T35, K£TT /LD
FEARLZ DUV TIROERK 29 AR O Y34 O L AR — R3]%&

R,

CMIP5 (35 AEAET WHA KRSy =2 ) @
FOET IV 2F U AT —F D SEETT LV EBREIT 5
FODOREINAT =2 FEAERT D Z & T, fHikE
PET TR E - R TIERE T 5, 22T
IZ. CMIP5 £ F /L & L T MIROC5 MRI-CGCMS3,
GFDL-ESM2M, IPSL-CM5A-MR O 4 &5 /%, 25V
74 & L Chistorical (1960-2005 4F) 33 X TYRCP2.6, RCP8.5
(2006-2100 4F) FFkFHIS IV A Z2RE LRGN ST
—4&ty MR LT,

NP10, JPNO2 4&-E T LD FAGEIL KL 29 £EE T
B L2 b 0E WD (B 29 £ LAR— MN31ES
), BERICKIT S ERERELAED 1oL LT, NP0
DEETHIFR (RCP 37 U D) 1281 ARIEETRE Ok
R, #5122\ T WOA ABIKELIZ4% CMIPS ¥
T —HZ X DFERE D A T b D& Az,

3. ALK 10 km 7 —% & » F(FORP-NP10)

AL 10km £ /L NP10 % vy, CMIP5 K&4+
N & % 1960-2100 4= & TOWERE~ R THFE %
FEhid 5 & T, RLUIRT AR 860 DT —FtE v

h ZHE5 L. FORP-NP10 (version2) &4 ffi)7=, &7 —
A & b IRIREED > WOA D /KR4 A7l & A 4
L, WD (1960 4F) 25 1980 4E L TIEAE L T v 7
WiE R LT —4 &y MBIgRs LTz,

VERL LTV ER AT - T HT — % & v bRk
AE - fEATHIA LU NI T, X 1a i Sverdrup Hik (Mg -
JE> B BRI TSR F HUEEEAAEER Ot ®R) 231 L
7ol a2~ d . ZAUTALR R B RBR LTS Ly
historical #f[#(1981-2005 4£)(Z 33\ VT JRA-55 (T L S HEH

-15-1



Annual Report of the Earth Simulator April 2019 - March 2020

fE 39 Sv Ll d B L +5 Sy DIEH & Lo T3,
1b (% FORP-NP10 OA&-ET /L « U AT THE
TE LT B O RER %717, historical HIFIZFC
REZRBIIE 42 Sv LT 5L, 2 5

(MRI-CGCM3, GFDL-ESM2M) (X% AU IV ME T,
MIROCS FEN LD HRo0/h&< (39 Sv fRE) |
IPSL-CM5A-MR [T & H1Z/h&V (33 SvEEE), Zhb
TENVD 72D TH 5 H DD, historical HifEIZ3s
BB L bl U7 B R OB EEII R e LTE
NFEELS 20NV 5, REMEERZ 2D &
RCP2.6 (SE#R) 1XIE L A RN R LN DIZH L,
RCP85 (fR) 134KET N TRRBMEAN RO,
b IZEDHEETIV - U ORI EOENSE
{bfErENE, X 1a 123 Sverdrup Bk & L <G LT
0 FEARWNRIS N5 RPN TRl S v
ZEERET D,

2 1 3EIE 5> 5 700 mIE £ TOYH/KIR GREITEE)
DIRFZEDHERS %4 FORP-NP10 f5 58 (X 2a) ¥ L U%)
J&3 5D CMIPS AU VT —4 (K 2b) CTRL7z
H DT 5, FORP-NPLO0 fEFIIKET 2 CMIPS A &
FAT—=HZLDbD L IPTREY, #EARIZEL
“C FORP-NP10 % 5 CMIPS W EOIRBRA LI A % L < FF
BILTWbd LWz 5,

4, AASTHEE 2 km S —# %> kb (FORP-JPN02)

HASUTEEL 2 km &7 /L JPNO2 &2 vy, SR CfERR L
72 ALK 10 km 57—4 &~ b FORP-NP10 (ver2) 7>
b EVEMBEAL LI 1T O A=) T T— 4
v hZ&ERE L, FORP-JPNO2 (version2) & 447z,
AT 15 EEFHREHME T2 4 AT A AL THEN;
(N2 i i 27 2 55 ) Rt o = M B Al
HWIRNZOWT, SI-CAT ICBIF D =—X&BE 2 T 2
(ORI 2 80E, Aaf 240 FrnT—X 2y b Lz,

3137 B AJEI O historical HiliZ31) 2 & 5 A
(2000 #£ 7 A 10 H) /KiR(185 m F) >\ T
FORP-JPNO2 ver2 D 4 &5 /LR &) 10 km 44 FE O
PERHIT S F(FORA-WNP30, Usui et al. 2017 [4]) fifids &
OKRSRFHFEHT IRA-B5 12 X 2 BRERRER([1]) % M~ C L
L=t DTh D, WHFEAHTRER (B12e) 2BIEITEN
HoL B7ed & FORP-IPNO2 fi 0% < (X 2a—<) 1
kL L TROREIR A 7 AEAT, R (12 2d)
TN ERAA T ARREND DD, 2k L
THRHERBREZ s & LTz KIBA Y — 13 d DR
I LR D, FORP-JPNO2 #E# (X 2a-d) TiZ. 10
km 45 BE OWEPERHENT° JRAB5 5 (1 2¢, ) 12k~
THRIBBER 2 LITfE 9 AR 7 v o M, FAUSfTES
HA Y —= 0, BORBNT L DD IENGEE
& 10 km OFFRGEETITFRBL S A7V MG L 0 BRI
FEINTNDZ LD,

413, X35 90 44400 2090 4= 7 A 10 HIZERW
CTHREHZ B OKIES A (185 m i) % RCP8.5 D
HBIZOWTRLIELDTH D, EOET /L THARIENE

HIZ R/ LCTRBY BT 08 b K anEhEh
FERGT T 2~4°C LA ED ER Lo TWD Z oD,
historical #HIRIZHB W TEET NI H ARRED A T A
B0 GHHIEEIE) . 2 ITREND L HITET
TKEBDOEFERNEI>TNEZ END, ¥ 4 ([ TRT
RCP85 D HALKIZIIT BKIRITITET LB TH HFEE
DORE R (1E50%) BALNDZ ENbnd, =
DZENE, KF—%%E >  FORP Offiv )5 & LTI,
T—HEEDOHO L ITHIE L RO EE RAHEW
MHEARITIRD LV 2D,

5 Bbic

ZRFRRE CERL U T sElfEEE T — 4 & » ~ FORP 1,
YEPEFRMTIE (FORA-WNP30) <o R FHAEHT JRA-55 (2
X DRENFER & OWERGEE BEHIITADH LI T
WAZ LB REREHSD 1 > Th A, FORP IEHASE
DORBKRSCEE 2N (B IC oW ot R
I 72 FBUERCE N B OFERE(LDINE 72 E DR S L
5T, FEAKEREBE TET UL 5 —ED A
T AL R BN, MBI Ca—FAICEOFFIILL
723, T AMHEEAE LTV BN, KT — X 25 0T
W72 34 T ARHESNEOBIRILIEROMETH 5,

HHEETE T LY AT IMERICRE W T, [8Fgeir o5
B, BORER, IR, IPERIZ, ES CTORMIBEHESE
MEIZIVNT NEC D4R, INERICZ N ENE K
F#TE-, SCERMEEIC L D SI-CAT OAGRER 1%
JPMXD0715667163 T 5,

SCHR

[1] Va)IsEE, ARl A)IvE—, ft-EELE,
SUBRZEENE ISR OIRFHTE T2 72 O DM EIT AR
T - XA — ) T ERR EWHE TR —
v MEZ", Annual Report of the Earth Simulator.
April 2018 — March 2019, (2019)

[2] Tsujino H, Nakano H, Sakamoto K, Urakawa S,
Hirabara M, Ishizaki H, Yamanaka G, "Referrence
manual for the Meteorological Research Institute
Community Ocean Model version 4 (MRI.COMv4)".
Technical Reports of the Meteorological Research
Institute, 80., (2017)

[3] Va)IIsEE, A, A)IvE—, ft-aEliE,
SUBZEENEIC SR O FHTE T2 7 O ORI AR
T - X R — T EEREY T w Z R
4", Annual Report of the Earth Simulator. April
2017 — March 2018, (2018)

[4] Usui N et al. “Four-dimensional variational ocean
reanalysis: a 30-year high-resolution dataset in the
western North Pacific (FORA-WNP30)”. J Oceanogr
73: 205-233, (2017)

-15-2



#1: JEREEE10km 7—X

- Earth Simulator JAMSTEC Proposed Project

(FORP-NP10 ver2) O#EZE

Forcings Historical RCP8.5 RCP2.6

MIROC5 1981-2005 2006-2100 2006-2100
MRI-CGCM3 1981-2005 2006-2100 2006-2100
GFDL-ESM2M 1981-2005 2006-2100 2006-2100
IPSL-CM5A-MR 1981-2005 2006-2100 2006-2100

#2:  HALMEE 2 km 7 —%

(FORP-JPNO2 ver2) s

Forcings Historical RCP8.5 RCP2.6
MIROCS 1991-2005 | 2041-2055, 2086-2100 | 2086-2100
MRI-CGCM3 1991-2005 | 2041-2055, 2086-2100 | 2086-2100

GFDL-ESM2M 1991-2005 | 2041-2055, 2086-2100 | 2086-2100

IPSL-CM5A-MR | 1991-2005 | 2041-2055, 2086-2100 | 2086-2100

(a)

Ik:MIROC, red:MRI-CGCM, grn:GFDL, and blu:IPSL

o
S

Max. Vglue of Svr Tr (Sv) 160E V2 solid:rcp26, dash:rcp85 ( ) Kuroshio Net Transport (Sv) V2 solid:rcp26 and dash:rcp85

blk:MIROC, red:MRI-CGCM, grn:GFDL, and blu:IPSL

>
&

»
S

SVERDRUP TRANSPORT (Sv)
w
&

: 32 B
30 ) g
\ /N
28 \ / N
- N
% 4 B
25
= 24
22
20
1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 1680 ig0 2000 2610 2620 2030 2040 2050 2080 2070 2080 2090 2100

TIME (YEAR)

TIME (YEAR)

1: (a) ¥ EEE Y RO7= 160°E (23517 2 Sverdrup ik (HZ Sv=10° m¥s) DEKMED 10 FLRER
FlaRm Lz b D, B MIROCS, 77#) : MRI-CGCMS, #:#% : GFDL-ESM2M, F## : IPSL-CM5A-MR. 32
#1 - RCP8.5, Tk : RCP2.6. (b) Elpfi & (HLNZ : Sv) D 10 45 GRS, HARDIE oA (34°N, 134°E)
EIED R (26°N, 140°E) DOREIORFETREN HR DT, Hra L FREOEERIL() & Ak,

(@) Tmav00 [deg.C]: JPN(123E—150E,24N—47N) (b) Tma700 [deg.C]: JPN(123E~150E,24N—47N)

SICAT10: MIROC(blk), MRI{red), GFDL{grn), IPSL(blu)

3 3

CMIP5: MIROC(bIk), MRI(red), GFDL{grn), IPSL{blu)

1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

2 (a) FECTY - REITEVE: (EE 2D 700m EE TONEKIE, BT : °C) 1220 T 1986-2005
R D O T LTZRERS, SERIREII T B AL (24°-47°N, 123°-150°E), #REIFX 1 & [Alkk,
KA : RCP8.5, Hil# : RCP2.6, (b) 45 CMIP5 A U P /VHEEE T(a) & [FRkITR L= b D,

-15-3



Annual Report of the Earth Simulator April 2019 - March 2020

(@) MRocs_hist_DS_vz: Temp. [deg.C] (C) cFDL-ESM2M nist DS_v2: Temp. [deg.C] (€)  FoRA-WNPS0: Temp. [deg.C]
0JUL10

lev=18.5m: time=2000JUL10 lev=18.5m: time=2001

lev=18.5m: time=2000JUL10

4
2

E=E=EEE=E=EI!!EREBE!!I!IEHEl!l
"!:EBEEE!EI!I!HEI!I

SpopBBEERRUEYRERBRNNEREY

05
0

s

10

75 17

7 7

as 165

0 0

185 155

15 15

129E  130E  131E 132 133 134 135E  136E 1295 130 131E 132 133E 134 135€ 1366 s 1296 130E  131E 132 133 134 135E 1366 s

(d )PSL—C](EA-I(R_hi!t_DS_vZ: Temp. [deg.C] ) JRAS5_tran_ver1: Temp. [deg.C]
lev=18.5m: time=2000JUL10 lev=18.5m: time=2000JUL10

)MRI-CGCMS3 _hist, DS_v2: Temp. [deg.C]
lev=18.5m: time=2000JUL10

$

E;E!!!EIEBE!!I!I["EI!I
=ER!=EH!BE!£I!I!QEI!!

a3
s i
175 75
117 o
1es a3
1o 1o
155 a5
is N 15
1E 130E  13IE 13 133 134 13 136E s 19 10E  131E 1326 133 1346 135E  136E  {us

3: 7§ EAJELO historical BRI 5 A (2000457 H 10 B) AR (185 m . Bifr : °C).,
(@ MIROCS, (b) MRI-CGCMS3, (c) GFDL-ESM2M, (d) IPSL-CM5A-MR i3 FORP-JPNO2 ver2 L 0. (e)
FORA-WNP30. (f) FORP-NP10 verl ¢ JRA-55 5 L 0,

(a) MIROC5_rcp85_DS_v2: Temp. [deg.C] (C) GFDL—-ESM2M_rcp85_DS_v2: Temp. [deg.C]
lev=18.5m: time=2090JUL10 lev=18.5m: time=2090JUL10

SEBEEERBUEYRUENRNNEpS
L E L IR T

1es ies

s is

f p 5

129E 1306 131E 1326 133 1ME 135 136E s 129E 1306 131E 1326 133 134 135E 136 \us
(b) MRI-CGCM3_rcp85_DS_v2: Temp. [deg.C] (d)IPSL—CH5A—HR_rcp85_DS_v2: Temp. [deg.C]

lev=18.5m: time=2090JUL10 " lev=18.5m: time=2090JUL10 ’

e s ' =

275 275

ﬂ 5 27

205 265

28 ’

255 255

ks Hass

24 Hae

235 ﬂl

23 ”

s 25

22 22

215 215

ot ot

205 205

20 20

10 105

19 19

185 185

18 18

175 175

i Hir

185 H18s

18 18

185 I

18 15

129E 1306 131E 1326 13 134 135 136E (s 129E 1306 131E 1326 133 134 1356 1368 \ws

4: 3 L[AETT.RCP8.5 A 2090 4E 7 A 10 H (X 3 @ 90 4EJE) (ZRIT 5 454f, 97~ FORP-JPN02
ver2 fii &7k L. (a) MIROCS, (b) MRI-CGCMS3, (c) GFDL-ESM2M, (d) IPSL-CM5A-MR.

-15-4



- Earth Simulator JAMSTEC Proposed Project

Development of Future Ocean Regional Projection Datasets to Contribute the
Adaptation Plan against the Climate Change

Project Representative
Hiromichi Igarashi Information Engineering Program, Research Institute for
Value-Added-Information Generation, Japan Agency for Marine-Earth Science and Technology

Authors

Shiro Nishikawa *!, Tsuyoshi Wakamatsu *2, Yoichi Ishikawa *!, Hiromichi Igarashi *!
*![nformation Engineering Program, Research Institute for Value-Added-Information Generation, Japan Agency for Marine-
Earth Science and Technology, *?Nansen Center/Bjerknes Center for Climate Research Department

In Social Implementation Program on Climate Change Adaptation Technology (SI-CAT), we have developed two
high-resolution future ocean regional projection (FORP) datasets around Japan using regional ocean model simulations with
ensemble atmospheric forcings from CMIP5 climate models. One is an ensemble dataset covering continuously from 1981 to
2100 for the North Pacific region with a 10-km horizontal resolution, named FORP-NP10, and the other is a downscaling
dataset with several 15-year time slices for the region surrounding Japan with a 2-km horizontal resolution, named
FORP-JPNO2. To construct the ensemble atmospheric forcings from CMIP5, we adopted MIROCS, MRI-CGCM3,

GFDL-ESM2M, and IPSL-CM5A-MR with historical, RCP2.6, and RCP8.5 scenarios.

Keywords : Ocean Future Projection, Dynamical Downscaling, Ocean Model, Climate Change Adaptation,
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1. Introduction

Social Implementation Program on Climate Change
Adaptation Technology (SI-CAT) supported by the Ministry
of Education, Culture, Sports Science and Technology
(MEXT) aims to develop skills and systems of near-future
projection and downscaling and create climate change
projection information with high reliability, which will be
useful for Japanese local governments to develop climate
change adaptation plans. It includes themes of ocean future
projection and downscaling. In this project, we have
performed a series of regional ocean model simulations of
historical and future projection, and further dynamical
downscaling to the Japan coastal regions to produce a
database of future ocean regional projection around Japan. We
have developed the first version of the dataset in the last fiscal
year (Nishikawa et al. 2019 [1]). In this paper, we outline the
development of the revised datasets with some examples of

the results.

2. Model and Settings

We used the following two regional ocean models, which
are based on Meteorological Research Institute Community
Ocean Model version 4 (MRL.COMv4; Tsyjino et al. 2017
[2]). One is the North Pacific model covering (100°E-75°W,
15°S—70°N) with the horizontal resolution of about 10 km
(hereafter, NP10), which can resolve mesoscale structures
such as the Kuroshio and mesoscale eddies. The other is the
regional ocean model surrounding Japan covering

(122.6°E-150°E, 23.7°N-47.5°N) with the horizontal
resolution of about 2 km (hereafter, JPN02), which can
resolve submesoscale eddies and coastal currents with more
realistic coastal geometry necessary for the local prefectural
research in SI-CAT. Details of each ocean model are written
in Nishikawa et al. (2018 [3]).

To perform ocean historical and future projection
simulations, we constructed atmospheric forcings from
CMIP5 (Coupled Model Intercomparison Project Phase 5)
climate models’ data. Here, we have chosen four CMIP5
models: MIROC5, MRI-CGCM3, GFDL-ESM2M, and
IPSL-CM5A-MR and used their historical (1960-2005),
RCP8.5, and RCP2.6 (2006-2100) scenarios to compose the
atmospheric forcings for driving the ocean models.

3. 10-km dataset for the North Pacific region

Using the NP10 ocean model and the ensemble
atmospheric forcings from CMIPS, we performed ocean
projection simulations continuously from 1960 to 2100 and
developed an ensemble simulation dataset named
FORP-NP10 (Table 1). The initial condition (from January 1,
1960) was static with the WOA temperature/salinity
climatology. Note that the first 20 years (1960-1980) are
considered to be spin-up period and excluded from the
dataset.

Figure 1 shows an example of the general performance of
the FOPR-NP10, depicting time series (1981-2100) of the
anomaly of the area-mean ocean heat content (OHC, derived
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from the surface vertical mean temperature from 0 m to 700
m) against the 19862005 mean for historical+RCP8.5 and
RCP2.6 scenarios. While the differences among the models
and scenarios are relatively small in the near-future term
(2030-2050), they rapidly expand after 2070. These general
features of the OHC transitions and the tendency of the annual
and decadal variations appear to be similar between the
FORP-NP10 results and their originals by comparing Figs. la
and 1b, implying the generally good thermal performance of
the dataset.

4. 2-km dataset for the region surrounding Japan

Using the JPNO2 ocean model, we performed dynamical
downscaling simulations from the FORP-NP10 (ver2) to
develop higher-resolution projection dataset for the
Japan-surrounding region. To save the computer resources
and calculation time, we used "time slice method" by
choosing the slices of 15-years shown in Table 2 for the
downscaling simulations with the JPNO2. The dataset is
named FORP-JPNO2.

As a representation check of coastal future ocean
temperature around Japan, Fig. 2 shows daily mean maps of
surface temperature (at 18.5 m) on July 10, 2090, comparing
the four model results. The large differences of the coastal
temperature between the four models come from basic biases
of each model and the difference of the future thermal
response by each atmospheric forcing, while the surface
thermal property of each model basically reflects each parent
model results (FORP-NP10 ver2) (not shown).

5. Concluding Remarks
To validate the FORP datasets, the users can utilize the
ocean reanalysis data (FORA-WNP30, Usui et al. 2017 [4])

and the atmospheric reanalysis (JRA-55) forced results ([1]).
This is an important feature of the FORP datasets. The
datasets have been utilized in the SI-CAT and related
programs, and will become available from the DIAS database.
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Table 1: Outline of FORP-NP10 ver2 (10-km dataset for the North Pacific region)

Forcings Historical RCP8.5 RCP2.6

MIROCS 1981-2005 2006-2100 2006-2100
MRI-CGCM3 1981-2005 2006-2100 2006-2100
GFDL-ESM2M 1981-2005 2006-2100 2006-2100
IPSL-CM5A-MR 1981-2005 2006-2100 2006-2100

Table 2: Outline of FORP-JPNO2 ver2 (2-km dataset for the Japan-surrounding region)

Forcings Historical RCP8.5 RCP2.6

MIROCS 1991-2005 | 2041-2055, 2086-2100 | 2086-2100
MRI-CGCM3 1991-2005 | 2041-2055, 2086-2100 | 2086-2100
GFDL-ESM2M 1991-2005 | 2041-2055, 2086-2100 | 2086-2100
IPSL-CMSA-MR | 1991-2005 | 2041-2055,2086-2100 | 2086-2100
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Figure 1: (a) Time series of the ocean heat content (OHC) anomalies (°C) against the 1986—2005 mean for the area surrounding Japan
(123°E-150°E, 24°N-47°N) from the FORP-NP10. The OHC is derived by averaging the surface 700 m layer temperature. Black,
MIROCS; red, MRI-CGCM3; green, GFDL-ESM2M,; blue, IPSL-CMS5A-MR; thick line, historical + RCP8.5; thin line, RCP2.6.
(b) The same as (a) but using the corresponding original CMIP5 ocean products.
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Figure 2: Daily mean maps of temperature (°C) at 18.5 m depth on July 10, 2090 around the western Japan from the FORP-JPNO2 of
the RCP8.5 cases of (a) MIROCS, (b) MRI-CGCM3, (¢) GFDL-ESM2M, (d) IPSL-CM5A-MR.
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