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Experiments on predicting sea ice variations off the coast of Hokkaido in
the southern Sea of Okhotsk

Humio Mitsudera', Ryu Saiki', Tomoshige Inoue’, Hiroaki Ueda’,
Takuya Nakanowatari’, Hiroshi Kuroda’

The southern Sea of Okhotsk off Hokkaido is the most southern region where sea ice can reach in the northern
hemisphere. Therefore, it is considered that the sea ice in this region is sensitive to the global warming. In this
article, we describe preliminary results of the numerical experiments evaluating the variations of the sea ice in
2050 off Hokkaido. A sea-ice and ocean coupled model, covering the sea surrounding the Hokkaido (with a grid
of 1/50°), is nested to a parent model that covers the entire Sea of Okhotsk (with a grid of 1/10°), and is forced by
an atmospheric data which is produced by utilizing the difference between the 2050 climate and the 2000 climate
presented by the CMIP6 models, in order to project the sea ice variations of 2050. The sea-ice and ocean coupled
model predicted that the sea ice area, would be reduced to 1/3 in 2050 compared to the present sea ice area even in a
low greenhouse gas emission scenario.
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1. [FL&IC

1188

F A= 7 I AL RIS B 2 FEiOKORBR T
B 5. ik oK) E1H PAICALRE 4 R — > 7 iR
KLU, SHPSAAWMICRRD EA- L & b ISRl - #8
T 5. RIEHE EREMEOMERTA ATV —D
PREE2 8 L CHOKRRIE R ORMY 75 v 7 s v T — 24
WCKREREEBRZEZDI NG TER $/2, TH
7 Vidipk & MERREISHE T 2. WK (k) &Zh
VZRE D AR RE SR - AR BRI I HUR O ik S IR S
FICBVWTHF—T—FThY, KEGRHREHE BOLER
ELTHHEETH L. ZOLDEHKOBPERIEEZOKE
LELHTHS.

BES A=Y 7 CIREEESETHR S & HERIKDH
FLL, WREBEMAOEGIZIERT2HFERIZKRE Y
(Cavalieri and Parkinson 2012). $#I1Z20154F 1%, ok ifi
IR T HIT & A LKA L, KR OM/ME%
LoZz, LHPLEDS, BN URLHARIEHTITTOR
FETIE, 20154E CTd - THBIZMIZHIRANE D, ZFHiR
KIBUTHIR F CTELEL Tz, 20X ) Rz X 5 i
KEEOHEZIEM ML Y FIZBWTHEETH Y, +
A=Y 7 #EFRTIE B0 X ) ICRAEAICH D DO,
JLHEE IR D B ZF OF G2 T HERERR 1B 13
ARV LR &7 (Toyota et al, 2022).

Dby, kol EIIZEEEEIRKE W &8
WHHCh b, T, HERIRBRAIC X 2 IR0 7 &R -
AWMz, *HF=2 7L TREWRATr =Lz Fo
MR DS ZRRTHHDTH 5.

AZFQCHEERY R ORI, WOKE FICIEFICH
FHERBRAHNTVDEZETHD, ZhIFEICE-T
BREh S, Aok —y ZideE (7 A= V)IREER) A5 50
RAZ AT TREEMG 2 T b (eg, Ohshima et al,
2002). i EARZITROKKBUR [Z 9 ] 12X 221 0Bl
&5 &, HHERITRROAFKIEZ - 15CELF ORIk
HBEZHSTwa, PREICBWTE 2ILEENRREE T
WEORASENES 2 DI, T OB 72 BRI 75 R 2 9
HLooWKEWM%ETL-0EEZONS. 72, dtik
BINRZBUT 2 KD 2 BT LT O 8D
REaxwZ b yyhoTE7 (Toyoda et al, 2022). =i d,
FHER R RERB OWRTH L 2 L LEANTH S,

PDbkobBy, dix—y 7R ERZ [+ 55— 7
GARD A — v | & TIgEEI A 7 — v ] (K1) 245709 C
ERIRETHS ). AFciE [LlERREA 7 —V] %

tEERFERTr—)v

K1 : oMK B L OHGHEE R RO A r— v

Figure 1: Schematic view of the current system off the Hokkaido
coast of the Sea of Okhotsk. Dashed line circle indicates the scale
associated with the Hokkaido coast.

O, ik - Y I 2l —va v EhE i
KREFH VU ONWTIHRARS,

[ G & ORI R T 200 v EIE, K
AWML FHTH S, HIRIZ200548 (2 5 H S e
SRS NS, Thud [FElKIC & 288 % 2T 7R
BROBELZAATH S| ZeAELHES 22 LIk
5. A AT HGEPE R B 43 1320194E, 20234E 0 PEkIc B
WCTH R =Y 7 TOWKBRIEZRELTBY, AEE
BT HE= S ) v 7 LR PRI O S E R B L
72 F 72, EIPIZ BT b 20184F |2 &M% 28 Bl il s s 70 i
TR, At S L 2 AR EREAR SR T
W5, BEEE, KERREH BDLRSHENEED
KEVIHEBTOWREHTFUNILEAT R b LE
5. INETOWKEHTFEIIZOWTIE, FFR—V 7
WERE 5 L 7221004 0T (Yamanaka et al, 2021)
RARBRA R IR (B 20, BB ook ZE B & HhER
BALoBE FH 5, 1992)) Ed s b o0, JLiEEiR
WCHEHLABEETY) v 712 Pk o7z, DL
LAREE Z, AWZEo B3 IEE 4 R — Y 7 iR I8
H L7zl ST VIS X MK EB P 2179 &
LThH5A.

1.2 BERIEY FUF EIB0FERAT —ILOBKESNTRIRER
o ERBUBE D AT P NI R O S F & F LSRR
TIrbhTEY, TROOMELKIFEL TR TW
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5. HEMZ S 03 R BEZEE I (World Climate
Research Programme: WCRP) 3%t L T 5 #EA/E TV
MEE 7a Y =27 b (Coupled Model Intercomparison
Project: CMIP) T&» 0, HAEE6W (CMIP6) 7 — & 234
HENTWAD., 7272 LCMIP6XUEE T IVEEIZIZ A & —
7T S 00, MBEOHK DD, ETHN
72 &) BUHRA 7 — VK H L7ZTICIEANEY Th 5.

Z I THAIE, CMIP6OO KRR T — % 2 HR &ML LT
FMAL, SfEoMK - BEETVERET % 2 & Tl
MBI A — v DR A B T 2 F i L7z, CMIP6T
WECOHEH ¥ 1) F 12D VT L D) D BE LTl A3
HMEhTwad, FeidZzoh©SSP126 (EALRIE(L >
F %), SSP245 (irigEsz b+ +), SSP5-85 (&
BLRBEAL > ) &) Z3OY, 20504 & 20904F (21EAEHR) 12
DWTTHAEFER L CT\w5b. SSP1-2.613 P 3 H iy DLl 0 4
BRI L C2HER RO AR Z 2L IS 95 L w
IV FNAT, EBEASPHIELTWS2b0THS. 21
FARICIZCOMEHIFIZE ALY UTH L Z L ZHEL T
5. FEE, CMIP6RIEE T VB R 2 HED Y (7
2 TNVP) IE, 21K O AR IR T LT o S
RS DN TWwA, SSP5-851XCOFEH T L T & %t
Re#LowgdoyF )+ Thsb. CMIP6DOT ¥4~
TV TR, 21RO &R A AMAT O ER &
D 5T, SSP245 13 O 7 > 5 4 C,
KA EFAOT TV FIHI2TCTHL. ZDEHIT,
2R TIE, T A& o THIERRBA LIS R & 75
BdH D, RBEWMIEIIC L D4 5= 7 KO ER T
(Yamanaka et al, 2021) 3, 21004EZ xR & LTz,

20604E 12 L TE 213, BUE £ TOCOMEM 02808
FoThBY, JiMICBITZ Y F U FHoENTZRITE
K& xnwv (&EKFH<TIE, SSP1-26T18C, SSP5-85
T25CHREDOFM). Lo LA s HMERRIEIL~ 05 5
ERETHBEOBENLRIGE L LT, 20504 Dk Z H)
TFRETI) L IIFEREEZS.

DEZEE 2, AR TIE20504F O ik Z B FHlZ 2w
TEICHBRD, 2BETHEICOWTHMBIL, 3T TH A
DWTHRD. RBEIARETE L D5,

2. 5%
2.1 8K BEETIV

/100 FTEHF =Y Z iz hN—=F2 [Fh—>
7T TV, 1/50° M- TALHRE N R 2 BT 5 [
MEETIV] ZHRAT 47 LT, AT —IVOIKE

BamBl L. [FR—=y7WETN] 1L, KEDTE - #
B HeME (Japan Fisheries Research and Education Agency;
FRA) 7%Regional Ocean Modeling System (ROMS) (23
D EMER L 72E 7V T (FRA-ROMS; Kuroda et al., 2017),
ZFNIZHEKET VKL LD D TH S (Headstrom,
2018). ETIVOSHIEIEEE, SWIA F— L R/8F A —
% —1%, Kuroda et al. (2017) IZ#LL T3, £/, T
50 B 72 & O i T, Tanaka et al. (2007)
& [FAARIZSE. Laurent et al. (2002) O#iF /85 2 1) ¥ —
VarvEBEALTWS. WKETFTVEMEGLTEDY, i
K IR G JJ T 1ZElastic-Viscous-Plastic /85 * ¥ 1) ¥ —
¥ 3 ¥ (Hunk and Dukowicz, 1997), #J)%: Tldone-layer
ice and snow dynamics (Mellor and Kantha, 1989) %%
ALTws, BEFHREBROEILZ, KEMNTELTRR
T f# A1 7 — % JRA55-do (Japanese 55-year atmospheric
reanalysis (JRA55) for driving ocean-sea-ice models;
Tsujino et al, 2018) ®3 KEHIFHMEEHEH L7, F7-,
EVOBEFITKETH S, 7L EOMITIZHEETDH
D, Z I TOBRFMIIZFRA-ROMS FHENIZ X % &4
DR FHEE 7z PIEIEWorld Ocean Atlas 2001
(WOA01) TH 5. BuoMEKERERELFCHRE 70 S
7 MARMEE 721993 4E1 H 1 H252018 4E12H31H %
TOWEMTH L. T OWIMIZIFIE 2 % KE (2001
2003), AKAE(2015) % ENEEN TS,

F72, 1/60°#&F o [bilgE €7 v ] (&SRR EEREFRA-
ROMS (Kuroda et al., 2021) O W HE 7V IZHKE T
VEMG LD TH L. FHEFEIE, ) v B
A5 ACHEE AR % N — LT b, HIFERSEAE,
BETNVCTHD [HF—Y 7lET V] OIGHIT DT —
FIZHDEEH L7 (Tabb[Ar—Y 7ifETIVIH5
[LH#EEET IV ~O—FMORAT 4 ¥ 7). M2 THHR
TR &b ICEIE L7 (Kuroda et al, 2018). #Ek #8551
[FHR—=Y 7ETIV] LEMKOERETH L. BEFHE
Bcix, KRRBERSEMIEIRASS-dox v 7z, 7z, #ior
WIRNE1993 421 H 1 H2*52018 4E7TH3IHTH 5.

ZITIE, EYBERHRHEREITVEK - BET TV
DINT F =R Y ARHFART2DOL, WEIE NS FE Tl
BRALIEBRZ 1TV, ok OEB Tl 2 906 L 7.

2.2 ;@B b3R5

CMIP6SMBEE T VRED A 5, Bt R — 7 7 i
BUF % M Z)W 0 BUAE S AR BUE RN L 7245 R &, CMIP6
2B B very hot models (Shiogama et al, 2021) % & &
LT NNEFVEEEL. £LT, TORRT—5 %
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O BRIERIEDRES, X7 P VIEGERO2ES) 2RI L2 REGER S HCTRET 5. #HEOKANT, REFEREHELT
T 5 2 2 ERT .

Figure 2: Prediction system of sea ice variations off the coast of Hokkaido. “Hokkaido model” with a resolution of 2 km (right panel where color
shade denotes the ice concentration) is nested to the “Okhotsk Sea model” with a resolution of 10 km (central panel). The nesting model is forced by
future atmospheric conditions derived from the difference between 2050 climate and 2000 climate in the CMIP6 (left panel, where the color shade

denotes pressure difference and vectors denote the wind difference).

FAL, 218 TR L2K - #iEE 72 v g
TR O WK B M ISR 2 47 - 72, BAKW 2 FNHIZ LT
DEBYTHAH(X2).

@

CMIP6D 1 53 5E L 72110 E 7V & v, BUE
ERROT 2TV (GEET VRO %
FNZEIERL, 2o biREIbEMiE RO 7.
BARIIZIZ, Eido 320 Ly F 1) FI2on T,
20404E-20594E D% A 7 ¥ ¥ 7V ESAE (LUF, 2050
RSB & FLaR) & 19904E-20094E D& H 7 ¥ v T v
TG AE (LT 20004 &5 il & Flak) & D#GETH 5.
KAEBOESMEE L THZRS - Mk - Hh 2 m -
HETH AT - BEK - R I & RO & - T & Rk
Bg e, EEEROESEE U CHlETEIKER - N
WORT ¥ ¥ VAKIIZOWTERR L 7.

& H O IRERIAE IR L, 19934E 7% 520184
DJRAS5-dolZ il 2 TYERK L 7o K&K % vy, [+
A=Y ZWEFNV] (BEFNV) & [iFEETV] %
BRE9 % Z &2 X 0 ok B PSR & F M L 7.
72720, RimASICEHLTIE, 58—y 27X
o> KR I (128° E-137° E, 37° N-62° N) Ol 2 Hiv 7z
F k= i oK, CMIP6XE T 7V EELC
B B il KO i EARIRAN OB AR 2T B 7
OTH 5.
BMEFNVCTHD [Fh—y 7€ V] OMYEIZ
WOAOL, 557 5 IZFRA-ROMS FHARATIC & 5
[BEAE] ofFE0 Pz vz, 2ok,
ARWFFEC BT B I FERE, KA ORI XD
R A & B S 7z KIS PE S, K - i

@  JRAS5-do (19934E-20184F) 12, DTIEM L7z KA HEBEN TS5 L% 5.
EROWMBEAESMEZ N A, FFREEO R AR S5 SBEETF VB OIS D & AHOKER P KIS
e L7z, SO X HIER L7z T20504F ] o KABHR SRR 5. KB EEAR & AL E E
G264 57 B 2 LACTER. —J, JRAS5-do (1993 0 (425-475° N, 140.0-1450° E) OPEfF2 L 21— 5
4-20184F) D ADKE &M%, & TIEIBUERMEE O T KBE - 2R THES (4255875° N, 1275-1375°
KEGEM LA, E) &%z A 7y 2 A& LTREETVE® 445

B  @QFRRABEREMEELL, 218 THIE L 22K - i HL, FLEZhEhonr s T) —TLEEDO~®

HFEFNVERETAZ EI2X D, [20604E] 2B S
AR O WK ZE B Tl % 47> 7. & 2T [20504F
Tl &1, [TRAS5-do + 20504F & il & 20004 4 16
D] @, 2685 DOKRAT— 512 & Y By S ho 7z
kY I 2L —Ya yEERT S BRI,

FEAFTHIEIICED, S VFEFLVEOITS DX
Wk b e ER by 5.

ERROO~@ODFER, [ OLBEETVTRLNL
Tk ] 2 HCTHRETVZEBRET 2 &), @F
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B3 : [ k= 7T 70V N & B ([BUEAME D MBI O R, (7)) I3 EAE QRIS O, KJRT2 X 55 (F O JEH)
ik - HEEEE TV (ROFER) I Ld o, (OF) KRR iR 4T o 2201542 7 ok - R 7 VIS & 2 ML (B3
IKEEHIE) Tdp B, 20155 3R IBIAI R R A 4RI b D S RISALIER R ICHZ L TB ), SHEBINEBE1TH 5.

Figure 3: Historical simulation of the “present climate” from 1993 to 2018. (Left panel) Time series of maximum sea ice extent analyzed by Japan
Meteorological Agency (blue solid line) and simulated by the “Okhotsk Sea model” (red solid line). (Right panel) Sea ice concentration (shade) of
February, 2015, when the sea ice extent is maximum in the 2015 winter, simulated by the model. Note that 2015 recorded the minimum sea ice extent
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in the period between 1993 and 2018; nevertheless, sea ice reached the Hokkaido coast, which is consistent with observation.

DY A=) T EERREZODOTHL. KHEET
VTR, BIEABEEZELSHIHLTWS (0N 7 A%
W) ORIV, Lo T, GMEE TV OBAER MR
EHWTET Y v A=) v e fio G, o b8l
TEDWRBATNNA T ADD BN DH 2. —F, i
BRAL S BTl T, TBUESm] & LT
JRA55-doZ VB DT, 222N 7 ARV, Lzdio
T, ZSMEICHEED 20504 ) (2B 2 Mk21LS, EF
NVEEDT Y4 2 Th B350 5 KBRS Y —
VE, ML b DL o TWD. [N T ADR
WHIEDO KRGS &) ORMENRZETH Y, 72314
TRT I, WREHY I 2L —Y 3 VIZBAEDHEK
B ZEFICHRHEILTWL I RS, ZoFHERE
KEBOREFWIOWTIHLLBERELG 2500
25, 8, [RIRAEZ SRBUHBERLICOWT D
BUEORGAEB LR L] LHETHILIZ%H2DT, Bl
BUBHEELOMBELIC X 2528 (RS R oZ ) 20D
ANBZLENTELRNWIETHA., ZOWIKRGAHNDR
BIIHLCRIEDTERTLIL LT 5.

3. ER

3.1 8K  EEETIVORRE L BEBIRRR
FTHEFNCTH LA F—Y 7HETIVIZH, KK

FHENTJRASS-do% REABE RS & LT, 199347 52018

EOWMEHRER T 72 K3 () 13+ F—2 7D

FAEORKEOKIELRLTBY, T hx—y 7ilEako
HOROFHEPIEFEICR W b0 5. ETVORAK
MoKTRR & RGBT OFENE & DFBI() I, =0.90TH -
720 B ZAX20154F X FEERIY 22 DKAETH - 7295, ABRIT
DIFNT (F R — 7 WO K54 (HBENR) 5 https://www.
data.jma.go.jp/kaiyou/db/seaice/archive/c_1/okhotsk_
monthly/2015/02/okhotsk_monthly.html) & [k, €7V
T AR K 2SEE 3 2 IRDCATHBL & L7z ([347).

A2, A FR— 7 iEE 7V (10knks7-) (AL ifEE € 7V (2
kg ) ZARAT 4 7L, AGiEERRICENE D TE
TNV L WEZ KT 5 &SR0k E €
TFNVEIAAT A VT TBIELL YL LEETHD
5. BlziE, +d—y7i#EE7T NV (10ketk ) OdbifEiE
EREEIRL (R4, f R el (XNat) Ly s &, &
K=V ZMEETNVTIET =7 E TOWREEDASNT
e &Y = ORI AT OFF RIS E b h Db, —
Ji, RGO ILHEEE TV T T = 7 O KA AT
B (Kahdy), dbiER RSO WK GAIEE L <Y
FBLTW2. T/, Kk (46° NLE) OdtifEE € 7 v
2B B4 % 258 1% 2 B (Special Sensor Microwave/
Imager : SSM/D) L HEEL CTL S HEHENATEY, =7V
L EBNMEOHBE, =085Td - 7.

3.2 CMIP6EFIVEEIC BT BIRA h— Y T s DIFRZE L
CMIP6EFLVEED S B 5 — ¥ BFH T HE R 19E F LIS
DOWTHNIL, AR — 7B 54T RMEDORH
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SIC 2006FEB20 (historical)

SIC 2006FEB20 (historical)
—

46N
44N

42N

Okhotsk Sea
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o 2 o2

~ Hokkaido model o
| (2km grid)

1402 142€ 144E 146E 148E 140E 142€ 144E 146E 148€ ce concentration 09548
1/10° 1/50°

SR T4 d—=y 7TV N & 2 A0MEE T O KA OIERIN (200642 H20H) . B2k . (k) 17 B o [HeifgE
;ET)H B DK, BB, (F) 20064E2)H 20 H ®Moderate Resolution Imaging Spectroradiometer (MODIS)IZ
X B,

Figure 4: (Left panel) Sea ice concentration (color shade) off the coast of Hokkaido on February 20™, 2006, simulated by the “Okhotsk Sea model”.
(Central panel) Same as the left panel except for the simulation by the “Hokkaido model”. (Right panel) Satellite observation by Moderate Resolution
Imaging Spectroradiometer (MODIS) of the same day.

BItEZ 5Tl L7z, €T, FRTFMIZH W Tvery hot 52 % 720 O LA & 2 AR L > ) 4 (SSPI-

models (Shiogama et al, 2021) & &Ml E TV B4EF IV 26) « iz Ly 1) F (SSP2-4.5) - EAim by + v +
FETMYBWz ZOoMDISEF VIO WTER L & — (SSP5-85) IZ DWW CHEHE L 7-.
v 7 #135 (30° N ~ 70° N, 120° E ~ 180° ED ) 2B WREOFREZ, Fh—Y 7 #HEIBICBT 2%
% WERIBOKFEG5AFHREICO VT, KAFEMANTJRASS PRS0t 7 2= ¥ VIRREOIL E & v )
AL L, ZHTPIHTHRERAES X OTaylord X F )1 BAERLE BEF—Y 7HITSZIE, +F—v 7
AT E ATl Z4T - 72, £ OFFIVIZHAERF D e FB T ACJRAR 2=, Ak e B A TV RAR 22 & o T e,
DOIWEEHASL T ) 2 — 3 v VMAKILE R EOWRE % X 7o bz, AR LS ) 4 (SSP1-2.6) (128 T, [2050
CHHEL WD, RRHHAEMRCET IV BADFEL 4E | TOIRHEB AT O PR 22 120.6ms FEEE & BRI S oz
2. INBAEFNVEBRVEIIEFTVOT V4 2 7TV (K57). F7-MERMICEHL TS 2L, BUERMR L 0%
ZHWT, K - EETIVERO KRG R G L LT AL S F ) A TE B EORKEETLIC 2k 2
Warming Anomaly of wind vector (JFM mean) - temperature anomaly
an-:IIIKI:I:IK:I:Z:““‘
s3I Bl
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54N o4 e - =
52 |
Ll Sosammars s S
aaa-’ >y, TJ CX 22 %
LELR P 22 vy 3
sy i S 47 |
Lo O
//’/’/’//’/’/’/’/'/
A
//////////m 42
AR
oy A AAAARR A J PR
aBPPSPAAAA AR AR 2
aglt PP AAAR A AN g 2 n 37 1 1 L 1
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B5 : (A) CMIP6IZ & %84 A — Y 7 82 51F 5 [20504F | & [20004F | o F O R IRAZREIL S 7V A). (h) d R —Y 7 i -
JeiEE o) 1 (128° E-137° E, 37° N-62° N) I2 B3 % Hi 2 &l 75 O BV

Figure 5: (Left panel) Difference of the surface wind (vectors) between “2050 climate” and “2000 climate” in the Pan-Okhotsk region derived from
CMIP6 with low global warming scenario. (Right panel) Difference of the zonal mean surface temperature in the area 128°E-137°E, 37°N-62°N,
between 2050 climate and 2000 climate estimated by CMIP6. The area is located westward of the Sea of Okhotsk and Hokkaido.
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Figure 6: (Left panel) Simulation of sea ice concentration (color shade) on February 20th, 2006, in the “present climate” forced by JRAS5-do. (Right
panel) Same as the left panel, except for that of the “2050 climate” estimated by the low global warming scenario of CMIP6.
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Figure 7: Freqency distribution of the integrated sea ice area during each winter in the area 142°-147°E, 43.9°-46°N.
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Figure 8: Box plots of the integrated sea ice area during each winter in the area 142°-147°E, 43.9°-46°N. “Observation” denotes that by Optimum
Interpolation Sea Surface Temperature (OISST). “Historical” denotes the simulation by the atmospheric condition (JRAS55-do) of the “present
climate”. SSP1-2.6, SSP2-4.5, SSP5-8.5 denote grobal warming scenarios of “2050 climate” representing low, medium, and high global warming,

respectively. X denotes the mean value.
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Figure 9: Box plots of the mean SST during each winter in the area 142°-147°E, 43.9°-46°N. “Historical” denotes the simulation by the atmospheric
condition (JRA55-do) of the “present climate”. SSP1-2.6, SSP2-4.5, SSP5-8.5 denote grobal warming scenarios of “2050 climate” representing low,

medium, and high global warming, respectively.

WiRFEOHRKRPIZEG L TWwb EEbNRSEY, Zhid
HWIERAERCTH 5.

4. HOYIC

AT, BREZ LD LT 2A0iER RIS BT 5k
DEHTFRIZONT, ZOTEE NI ZRRR 2B
FRAROMSZ~X—2 & L, 1/10°D[F+F—Y 7 i€ 7 |
21/50° D [l EF NV | 2 A AT 4 v 75809, db
MBS H L7 - K ET IV ERE L. KRR
fAit 7 — & JRASS-do%k KAl & L7z ([HAELMED)
HHEBZIT-o 2L 25, FFIVIZBIN S N7z ik R
EROHIILZ. 2LT, ZhzHEBICCMIP6D [20504F
SEEAE & 20004505l & D75 ] 2RI L CilBR LIz %
1Totz. TORRE, BAREIL S+ + TH->Td, [2050
4| ORI R B X OB O K E R AL L T,
I TRI/SCEIRT B &) fE R 2572, BRI X
D AR RS B A 1H A O RIRK A 1.0C FEEE
EH L, WokEERDS 120504 ) FTICRESHMMT 52
ENEREEDNL, ZOXHIC, HOKISHT 5B
DA Y87 MEIKRE L, ALEERRICEET 2 ikE S
BRE WD T 2 HEME TR .

Z 2 THW KA O iRE L2 53 E1E CMIP6 & % €
TVREDT vy TV EEHEH W bDOTHL. LarL

AL, HADORBEETNVOIRTFIIIZIESDEND
L. BUE, AR — 7 iE oK & ki E LR o v
WAEOEE A Ty 7 ACRBEET VESFL, €01
LD ELZOWE - HKETFIVADL V87 M EREL
TV,
FRBRPRKELCRP L2 & D, ZOEERNDE
AR LI TH L. MEREWE TH S HEE,
TR TS T T 7 b OBEFTV—20HE %
BTAAT VY =% T 0L, KO I E
NORBEIKREVWEEZOND., o, WHKIETYI Y
OHERKEDIDODT Ty b T+ —LbhoTnbHT
Rl MR B GNETEHKRAERRIZORE A V8
7 e 25 BbNs. KEGEROEMEMWIZE 5T
DEELBEHRTHAD. 127, BKBRIIIHTLINS
OWEOERNFTMIE, REF—FOREDOWEEE
W) DOBBUIRTH 5. EBRETF NV EHTHEHLL2H5,
HERRANOMBEILD A4 37 b EEENICFHET 5 2 &
PEBRDBETH 5.

ST

A2 (& BB AR IR A B AE O BRESIE JE AR O M
(JPMEERF20214002) I X D fibo72d D TH L. TR
HFa LTS s PN IRICEH L3

151



152 =3F Wk A Az JEERE N

SE

WHEK, AINES, HHFwE (1992) 48—y 7 - It
WEE Y R OS] & iR OB EH ISR, HAAEES, 101
485-490.

Cavalieri, D. J. and C. L. Parkinson (2012) Arctic sea ice
variability and trends, 1979-2010. Cryosphere, 6, 881-889.
https://doi.org/10.5194/tc-6-881-2012

Haidvogel, D.B., W.P Budgell, B.D. Cornuelle, E. Curchitser,
E. Di Lorenzo, K. Fennel, W.R. Geyer, A.J. Hermann, L.
Lanerolle, et al. (2008) Ocean forecasting in terrain-following
coordinates: Formulation and skill assessment of the Regional
Ocean Modeling System. J. Comput. Phys., 227, 3595-3624.

Hedstrom, K. (2018) Technical Manual for a Coupled Sea-
Ice/Ocean Circulation Model (Version 5). U.S. Dept. of the
Interior, Bureau of Ocean Energy Management, Alaska OCS
Region. OCS Study BOEM 2016-037. 169 pp.

Hunke, E. C. and J. K. Dukowicz (1997) An Elastic—Viscous—
Plastic Model for Sea Ice Dynamics. J. Phys. Oceanogr., 27,
1849-1867.
https://doi.org/10.1175/1520-0485(1997)027<1849: AEVPMF
>2.0.CO;2

Kuroda, H., T. Setou, S. Kakehi, S. Ito, T. Taneda, T. Azumaya,
D. Inagake, Y. Hiroe, K. Morinaga, M. Okazaki, et al. (2017)
Recent advances in Japanese fisheries science in the Kuroshio-
Oyashio region through development of the FRA-ROMS
ocean forecast system: Overview of the reproducibility of
reanalysis products. Open J. Mar. Sci., 7, 62-90.

Kuroda, H., T. Tanaka, S. Ito and T. Setou (2021) Numerical
study of diurnal tidal currents on the Pacific shelf off the
southern coast of Hokkaido, Japan. Cont. Shelf Res., 230,
104568.

Kuroda, H., Y. Taniuchi, H. Kasai, T. Nakanowatari and T. Setou
(2021) Co-occurrence of marine extremes induced by tropical
storms and an ocean eddy in summer 2016: Anomalous
hydrographic conditions in the Pacific shelf waters off
southeast Hokkaido, Japan. Atmosphere 2021.

Mellor, G. L. and L. Kantha (1989) An ice-ocean coupled model,
An ice-ocean coupled model. J. Geophys. Res.:Oceans, 94,
10937-10954.

Ohshima, K. I., M. Wakatsuchi, Y. Fukamachi and G. Mizuta
(2002) Near-surface circulation and tidal currents of the

Okhotsk Sea observed with satellite-tracked drifters. J.

REE B, hERE Shl, B %

Geophys. Res., 107, 3195. doi:10.1029/2001JC001005

Shchepetkin, A.F. and J.C. McWilliams (2005) The regional
oceanic modeling system (ROMS): A split-explicit, free-
surface, topography-following-coordinate oceanic model.
Ocean Model., 9, 347-404.

Shiogama, H., N. N. Ishizaki and 9 others (2021) Selecting
CMIP6-based future climate scenarios for impact and
adaptation studies. SOLA4, 17, 57-62.

St. Laurent, L. C. and C. Garrett (2002) The role of internal tides
in mixing the deep ocean, J. Phys. Oceanogr., 32, 2882-2899.

Tsujino, H. et al. (2018) JRA-55 based surface dataset for
driving ocean—sea-ice models (JRA55-do). Ocean Model.,
130, 79-139. https://doi.org/10.1016/j.ocemod.2018.07.002

Tanaka, Y., T. Hibiya and Y. Niwa (2007) Estimates of tidal
energy dissipation and diapycnal diffusivity in the Kuril
Straits using TOPEX/POSEIDON altimeter data. J. Geophys.
Res., 112, C10021,doi:10.1029/2007JC004172, 2007.

Toyoda, T., Y. Kitamura, R. Okada, K. Matsumura, K. Komatsu,
K. Sakamoto, L. S. Urakawa and H. Nakano (2022) Sea ice
variability along the Okhotsk coast of Hokkaido based on
long-term JMA meteorological observatory data. Okhotsk Sea
and Polar Oceans Res., 6, 27-35.

Toyota, T., N. Kimura, J. Nishioka, M. Ito, D. Nomura and
H. Mitsudera (2022) The Interannual variability of sea ice
area, thickness, and volume in the southern Sea of Okhotsk
and its likely factors. J. Geophys. Res.: Oceans, 127,
€2022JC019069.
https://doi.org/10.1029/2022JC019069

Yamanaka, G., H. Nakano, K. Sakamoto, T. Toyoda, L. S.
Urakawa, S. Nishikawa, T. Wakamatsu, H. Tsujino and Y.
Ishikawa (2021) Projected climate change in the western
North Pacific at the end of the 21st century from ensemble
simulations with a high-resolution regional ocean model, J.
Oceanogr., 77, 539-560. https://doi.org/10.1007/s10872-021-
00593-7





