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The Sea of Okhotsk as a subject of Geophysical Fluid Dynamics
Kay I. Ohshima"?

The circulation and characteristic oceanic phenomena in the Sea of Okhotsk have been clarified for the past 20
years. These phenomena serve as good subjects of Geophysical Fluid Dynamics, which is applied to the following
phenomena. 1. Offshore branch of the East Sakhalin Current interpreted as a western boundary current and the
Sverdrup balance, 2. Coastal branch of the East Sakhalin Current interpreted as Arrested Topographic Waves by the
alongshore wind stress, 3. Tidal currents amplified by diurnal Topographic Rossby Waves, 4. Rossby Normal Modes
in the Kuril Basin, 5. Barotropic instability of the Soya Warm Current, 6. Baroclinic instability associated with
strong mixing near the Kuril Straits, 7. Dynamical interaction between sea ice and coastal ocean.
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DEREP LS Do TEL T, MEMER D & 2 D204F
THOLNIT R o722 DS, 2N E THHN LGRS
FEAELRENTVREWETHHSZ L THL. BT,
TN SN, REERIER AT A 2 ikl <
PHHLN TV DD, ZOHRERHEREIXTIDH
PoTEHT, 19904/ F TlE, ZOWROEKE X/ =
AALd L bhoTnhrnrol, ZA%%H, CRESTY
uyxz b (3 A TIERE) 12X 1) 1998200141247 b
7ea Y TS & B RBEHUEBRNSEIC XL - T, A F—Y
7 WO OFEEBIE AW IR Y, £ N
FRMTLIEER ST

83 R, HARUEAD S OMKTEAR T BilEEELTo
VIS D, KOME RN E R E T LHE R T
Oy MPFETHHPEFONE. 20X TV b
TRALERRDAEL, MEERT S, H41E, #ko
AT H B, W OHIRGEATT 7 O £ O BREGIZHEIK DS
MboBWEEI REN? DL DI SDOHEE
Erairbhi Ty, LR FNCED Iy
TV TS LBl EbE TS 5012, K-
VIMIZE VT A MY A MIhoTWwA. ARTIE,
BHFRICEb o7z ¥y 2128 D, BRI TIHM
TELHREN AL E, BREbTIL, T&2720W
WA A=V RBZAT, BHLTHEW,
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AR—Y ZWICB T, KETH LT LA,
BHEORED Y, 199048 T&, WEEFEOWH A DK
BEERMIZEIEAEDPo TR o72 ) ¥
HUR TS IR & v ) B Tl d 2 2 &g, k3l
AT KO Y 7 bR EpbMbNT W 2272 L,
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1 - A= 7 WO - Wil OB, KW IRENE
LD BRI & 2. AURERIEGE (ESC) 132G 708 & iR oA
D253 2 R, SWCIEEAMEI 2 78§, Ohshima et al.
(2002) & b 4.

Figure 1: Schematic of near-surface circulation for the Sea of
Okhotsk. Thicker arrows represent the stronger flow. The East
Sakhalin Current (ESC) is composed of two (coastal and offshore)
branches. SWC represents the Soya Warm Current. Modified from
Ohshima et al. (2002).

RS RO L W) T & THAH (Ohshima et al, 2002).
MESBEEEMENI I 2 7 2 R H, WERFAET S (Mizuta
et al, 2003). —7, RS BEILI R - BN S
JEVEER 0> B 2 © w1 b i b oo BEM 1 T < B &
Fib, £AFIHREFITEEFEFITTH L V) FEHLLE
5. FHERIERARE L ToRBIETETRH6T Sv (1
Sv =10°m’s") T, AFIIKELHEFIAS VW) HHFE
LFEMZEEF 35 (Mizuta et al, 2003). X213, #EFo4
WHET— PO NFREERDIZDDTH LA, ek
DR TIERREEE Y, FE o T B CIEREETE ) o
TEBRARENDE. TOL) BHEROADET, FF—
7 W DWEEIEER XS B A R R & DUT R VK E IS

IR

T3, HEEKIER O, FNENFD X =X A
THB SN2 LEZHND. BT 7 2 Fome
GBOE, FEETH RSN KEFEHE) OB O —i
EEZON, BTG ZHD. ZoMESHIE, Fh—
W AN O IE QRS A — v TERE) S B KEEEHE ) 76
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R2: k=2 7#IZB1F %1000 dbFE#EITH§ %100 dblii TO
J1FEE (HAT1Xdynamic meter x10). 1000 dbar X 1 {&w il
BUIRN S 25 OFHFZ W CEHEL T b, REHZ500 m,
HIFEHIZ1000 mOEEEHL. Ohshima et al. (2004) & 0 51E
Figure 2: A chart of geopotential anomaly of 100-dbar surface
relative to 1000-dbar surface in dynamic meters x10. For the value of
geopotential anomaly in the area shallower than the reference level of
1000 dbar, an extrapolation is made. The 500- and 1000-m isobaths
are superimposed. Modified from Ohshima et al. (2004).

ROV & M E 5 (Ohshima et al, 2004). &
DEREN R L, LR O BFRTE D oo HE BTG BR O T
R TH LR EAKAEETH L. RO EIA
DA—=NBDT, BRIBICE>TVEETTHS. A
AR BRH R T UL, THRBE SRR O v (X UG ) 7 — v D
FED OO TR INDE ARV KT v TiHmili b,
ZNEFHT 2 & HERIBIR O Y 61345 T37 Sve &
0, BLIME67 Svk D IZ/hE VD, F—F—IidH -
TWwb. BIEORHERIERE, &k — Y 7 N TR
WAEBR AN 2, ALK O HIEH E B O — F 232 A
LCiaa L cnwbord Lhikzwy (FIELZER). &
WARERTH 5 7% 51X, PR & ) oW TIX
AN KT v 7T N5 A (Sverdrup balance) LT3
FTHOT, FEEMAVIATIEE AT S L)
ERTIETTH D, FEEITICHDIEL T OEE B DO WY
Wi & &5 & (KM3), FSIZFDOL ) BFHERL TV
(Ohshima et al., 2004; Simizu and Ohshima, 2006).

200

400

x* (m)

¥

X

600

800

///,/—~214_.
& | ] " ]

200 400 600 800 1000

BB B (km)

B3 : ALHESIE T ORI ORI, 4K - ErT7—5
25 O&MBEfE. Ohshima et al. (2004) & b 51E.

Figure 3: Zonal section of density (c,) across 53°N, derived from the
historical hydrographic data. Modified from Ohshima et al. (2004).
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3. JoiFHETER
(Arrested Topographic Waves)

—77, BHERMER O RESEUL, KIOBEAMITIRT X
IV, W) U HURE O AN o kT R A O fE R oAk
B OIRE Tl < BN S NIRRT, Ry
F o JaE ) TR X 5 ATW (Arrested Topographic
Waves) & R & 715 (Simizu and Ohshima, 2006) . [X14 (a)
OBEBITR L7z & 912, ATWIZRR W F IR OJIE 12
LB RAFMOI 7 < VRN - BECHRES R, dt
FIRTIFRELICAS HIANZ T 7 < Yk dsiim e L
T - D SN B IRRFHRR TH 5. IR OIEAR
HWITHBEENT v 2B WT, I pIH & FER2ZL
HAPNTG VAT HOPRETHASNL MDA Y —
WTHLDOIHL, HIHRERVEEHA 7 —v (B2 XA
PH) TONT YR, REZALEICAD o TEEHIHA
EEBHENT Y ALBEREIEL. S0tz s L, #
JENE B EA B L > TiEbN D (Arrest&Nd) k9%
TS B EDH &) T & TArrested Topographic Waves
LW BNHE EN 5 (Csanady, 1978). HiIEH: & H1Z,
JEERTIEERE FE2 AR 2 F I LMMER R WDT,
ROy < ki3 RE2AICR A TS SR,
TNPATWORHEIZ % 5 (M4 ().
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®4 : (a) WO RIEIIC X 5 L7 < Vo Tt
E2PE H5ATW (Arrested Topographic Waves). (b) HUfi
KU D25 MR, IR R O BUS ) THRE) & h b
ATWE LT, WESHIZIED RIS — )V THRE) & 2 Jil K
EBR OV BT i & LT N T & 2. K (2018) & N4 - I51E.
Figure 4: (a) Schematic of the Arrested Topographic Wave
(ATW) and its transport, generated by the alongshore wind stress.
(b) Schematic of the two branch mechanism of the East Sakhalin
Current. The coastal branch is interpreted as the ATW, driven by the
alongshore wind stress. The offshore branch is interpreted as the
western boundary current of the cyclonic gyre, driven by the positive
wind stress curl. Modified from Ohshima (2018).

ATW &SRR E N2 HHE IR O 7= 0 B i v 5 1A
DRI TITHRE SN SO T, JLPEEAEL S b4
DRHBAZEIZ 7 Y (Mizuta et al, 2003; Simizu and Ohshima,
2006), F7z, TOWRIISHORGH»HWEL 5 L
MR L 2B, BSIE, RBUCEI LT, BHC X 2 i,
EFNVYIalb—Ta Ikl ATWH®SR (R
WA R 55 L2 BUS IS X 5 L7 < vk
K4 (a) Z2I) ORI 2K L7723 O TH S (Ohshima
and Simizu, 2008). 3FIXFEFIZILAG-TBY, HED
WHEEZ DX I)ICENVICHBR L 261I3MBIcH
b L, ZHUEHAY s R I —
BeMETh b I L L RHER 72O MR ASEBE L T
5T LICLBEEZDL. UEMS, HETOMREAED
T, K4 (b) 1, ATWTh iRm0k & RS T
& % MG A S B B FORE U D 50 B 3% o0 BN &
IR
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Ohshima and Simizu (2008) % J4E - #51F.

Figure 5: (a) Time series of velocity at 50 m depth over the east
Sakhalin shelf from August 1998 to July 1999, measured with the
bottom-mounted ADCP (red lines), and simulated in the model
experiment (blue lines). Volume transport predicted by ATW theory
is also superimposed as green lines (scale of left axis is reduced by
1/100 in Sv units). Modified from Ohshima and Simizu (2008).

CDOATWIE, KA RHWEFHLHZ 7267,
A7, K HISNTEL 25O TRMLIFTAHS, &
V) DHHE DKM DOFEHENTH L. Larl, 1Y
Y ROACHEE O P TIE, AFITKMEPREL 2 Db E V),
ELHOFHEERT. TOLFOKMEAZDLZH
LTWw2DHATWTH S (Nakanowatari and Ohshima,
2014; Mensah et al, 2019). % &—Y 7 {#EOLF 342
P2 O FEAL T, T, Adh—y 7 iodLER
ORI HERMIA =R BEMAR (VW TWw 50T,
ATWOR I ~ORim bW > TREL LD, H
TR OB SIREOKRMOREL LA TH I EIT4R 5.
ZDOATWIZ X B KN BRI R A ARG & F R = 7 D
KOZAZE UC, W EBRGSR (HAMEER) 12 KRE%
AR5 25, AZFEF A=Y 7 HOKMAEATWIZ LY
LA 5O THREE OKRMEIWA L, FAER, &
HAICIE B O 2 U T b & 2 5t b (Tsujino
et al, 2008; Kida et al, 2016; Ohshima et al, 2017). &5
W21, SEABER R BRI ORREL T D — D TV 5
W HEME A3 5 (Ohshima and Kuga, 2023).

4. HEFEOMRZEOZE—]
(Diurnal Topographic Rossby Waves)

F A= ZWEEW - WK E R L L
TSN Twb (eg, Nakamura et al, 2000 : &K - 4
%, 1986). HE@ICBI L Clx, +&—v 7ildEoEE
REY O JE W ASF 260 ] & H W T w720, HRZEC
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1000 mD &R, KBIE S ¥ =81 3/8 >y 7 %773, Ohshima
et al. (2002) X b I,

Figure 6: Spatial plots of complex demodulation at diurnal (24
hour) period around the east Sakhalin shelf. Time series of each
drifter velocities are segmented to 2 day intervals, and the complex
demodulation is performed for each segment. Then the result is
represented by the current ellipse with its center corresponding to
the location at the intermediate time of the segment. No signal points
are indicated by green crosses. The 200 m isobaths are indicated by
red-purple lines. The 100-, 500-, and 1000-m isobaths are indicated
by thin black lines. KB indicates Kashevarov Bank. Modified from
Ohshima et al. (2002).

T EDHROBMVIIHE LTI 515 (Kowalik and
Polyakov, 1998) . & HIZEELERIE, FHk—v 7iffid
WD 5720, HEMOHEE T A ¥ — 7k 2
N5z rLiZdh b (eg, Ono and Ohshima, 2010).

Z 2T FPCRESTYu Y27 hTORBRY 74 —
BORRARICE 2R OB 280 L72) 2T, Wik
AT A —9IC L > THRICHITE 228 %
R ARV 7 WIEEEEILD L7000, TN ITRMEE
WX 2B Y 75 —1d—HI220- 301, {7i# o)
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7 : K#ominisH. () RERCE2HET—2 0. (b)
RIS L V. Ono et al. (2008) & 0 N4 - 151E.

Figure 7: Comparison of K, tidal current ellipses between (a)
the observation and (b) the CTW solution along the lines A and B
indicated in Fig. 6. Modified from Ono et al. (2008).

TE5. MRS HLHEREVFERTIE, PV 75—
WA SHlmERKOB I LA ERE. FYUT75—D
B2 S W d 2 51 LIERIITH S &, ) VRN L
T, FEERERICE R > T, ENWIZElED Y 7
FUNERDLIENTEL., 2 TlE, 26MHFEH L TH
B PR GT Z Br 725k GIITRST) OReRYI2 6 LUT
DED BTETHMRIEDIDOS v ¥ 72T kiR 2R
T REE SR E2H T E ORXMICKY) - T, #XH
TEIZHHEM (ZZTIEHAEH) Tdemodulation% 47 9
G Fs ) % fitting X4 % 2 L ICHY). K6ix, FF—
7 HEALFEERIZ B\ T, demodulation (fitting) O FANE
W (HTEXxTRY) 2XHIL, &9 bDEHEHOK
3Bl @) BHE LT, ZoXHETo R
77 —OHMMIBICEDE Ty EY L DTH D
(Ohshima et al, 2002). ¥V Y OILHICH B iEHED > =
NE2NNY 7 (R6TIEKBT/RT) T, 1ms'i2d KA
WAMFIE L, FHMREHE D OMlmAsN & v fi %
o, TNIEHBRTHERS &) IEILIFRIEORB TS 5.
oy VEEME (200 miEPLE) Tb HREWmAKR & <, K
FHAY) O#EAEMN E o Twa, AL, HE#EOY 7
VAR 72 OZALRES1SEE LA T, EN X D EICIIAEER
YZFABRLRRV. IS OBBIZHRTERS XD
(2, S15EELIAL T O RIS 5 Z L2 S B
INhb.
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Figure 8: (a) Dispersion curves for the first-mode CTW computed for
the depth profiles along the lines A (dashed curves), B (solid curves),
and C (dotted curves) indicated in Fig. 6. Horizontal thin lines indicate
the frequencies of the K, and O, along the line A. (b) The cross-shelf
modal structure of alongshore velocity of the first-mode CTW at K,
period for the line B. Modified from Ono et al. (2008).

K175 =12k 2B TIE, ILHEPHICIB 285
DOBEEA R H12E XAy, IERERIRER S % WD %
ZLIETERY. TNOLOIEMERED ) D013k
HMARICE 28BS - & Y5 TFPL b, CRESTY
Ty s FTIE, K6IZRTA, B, COURTHREARIZLS
ADCP (Acoustic Doppler Current Profiler) 72 &2 & %5 &
119 7 3 —24F) sl 2 7o 72, W7 (a)id, A B#iL
DB T ORI T — & 2 5 FFRNT % 47 WK LE O
WA ZRL72b D TH S (Ono et al, 2008). A, Bk
M CidmiE R & CHIE S, RN ) oWl kg &
WO KRR Y. CGREDRRIIRL T Zwnas, BElLE
THWIIRIEIZA, BRIZHRT - L/, RN D
B2 5. W7 (a) Ti, BEllE EE (k%28-203 m)
DFERD R % IRTH, WG ITIZMEN Rz R L,
MG < 10— 30 mN TIFMIRIC L 2 =7 < V@A &
nTnwi.

M8 (a) iF, A, B, CHTO, WKL BERBEOW ), %%
L CE S 2 Rk (Coastal Trapped Waves) O
R E R L2 DO TH S (Ono et al, 2008) . A, B
T, HEMOWBFHREASGFEAET 20123 L, ClRoM
TETIEFNE2E 72 ORI T E v, KoK
U7 (a) IZRBNAE X512, 515E DAL AT HE
MBREL B0, HIEWRE R AS5L5E LD AT
HFRELZD2OLEZOHNS. M8 (b) IEBHTHOKIH D
B1E— Mo (FE O Ei s O 3RIE
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MTRLADD. (b) ADCPBUIIICE 24 ¥ = xa XNy 7 |
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Figure 9: (a)The radial-vertical sections of tidal current ellipses for
the gravest mode of the first azimuthal wavenumber from the sea-
mount trapped wave for the topography of Kashevarov Bank. (b) The
tidal current ellipses over Kashevarov Bank observed by the ADCP.
(Location of the ADCP is indicated by the arrow). Modified from Ono
et al. (2006).

i) R L72bDTHD. WEMNLHEEEZ->TEY, #
We X <HHELTwa. [7 (b) &8I R T oKL+
P2 S8 AN L WREMN 2R Lzb 0T, Bl (K7
(@)L BAoTVBIENDRD

BI6H 513 H ¥ 28Ty 7 T DD TRE L %
BT EDPIRENTZD, ZONY 7 ETH9 » HDOADCPIC
X BRI ATz, K9 (b) X T — & & FFIF
AT L7z (K #lowliias M) #77<3 (Ono et al, 2006) .
B6TH R OMNAXHIT, IHITIRIFBOK & 25D 7% Ik
Y oA L v R ER L, FRHENTH S
bbbk, ZoNY 7 ZEROGHROEINGEML, %
FERE b E R L CilEILAfEdE (seamount-trapped waves)
D% RO &, HIENEE0, FkE 1 oMLk,
HEBORMIZEWZ EAVREN S, [9 (a) 1E, 2O
IR DM & WRAE T CRLAD DO TH B, KEIT
R L7 S BRSO AL A S 3 5 A%, EER, S
ZIEEHE D QMRS & Vo ML Ao TWwA T
EWbns

ZITE, ARy 2 ORI L2, T
BEIR TS, KO ) OFHAER L OB W T
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K10 : A Fx—v 7 lEofiheEst T — sy 258N L
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AE—/ =< NVE—FEOHRBIZHW . Mensah and
Ohshima (2020) & b 151k,

Figure 10: Spatial amplitude of the third mode of CEOF calculated
from sea surface height anomaly (SSHa) derived from the satellite
altimeters in the Sea of Okhotsk. The domain of the idealized basin
used to model the Rossby normal modes is represented by the pink
line box. The solid yellow line represents the 3200m isobath and the
gray isolines represent the 200, 2000, and 3000 m isobaths. Modified
from Mensah and Ohshima (2020).

HEBORIEYEDT A2 ©— AR S, e TVl
AL Tw3 (eg, Nakamura and Awaji, 2004; Ohshima et
al, 2005b; Tanaka et al, 2010). &HFOWMIETIX, @WH T
ANF=RED L) R AN AL THIEET A Y-
kI Nbeh e vo7:0i5Ed SNTH Y (Tanaka, 2023),
AR = 7L, W ORI BT H IR0
BIRALBIRENT - 252 TWw5.

B, Aokl (2024) THRAMIHTVD LI (2,
Fk = 7 WOmVEiE, LR T o WE (k)
PEBR, S OICITWEMEE - AWAEEICBYTH B TE
R RE R R LT B, TS U 38T O i i
A X BB AL, FREFOKRZ RFEETRE (200-
1000 miEFEE) ~3% b 3Ate (ventilation) & # % 72 LT
% (Nishioka et al, 2013). —J;, #+— ZifpltvaEto ke
WL ToimcEiRig, B R LW ek
2B E L, BEERMAKITREICEY AT,
B FEOEYOMRRIEFEREANRLD A &) ) X
»3% % (Nakatsuka et al,, 2004).

=1 TRBATO, 19934 2 520184 F T D1 = ECEOF
H3E— FIZR SN B 1200 DR A X > b O3B &,
A —HE RO A — ) —< )V E— FOEEFEO L.
Table 1: Averaged properties of the CEOF mode 3 events of SSHa
from 1993 to 2018 and the properties of barotropic, first and second
baroclinic Rossby waves, and barotropic Rossby normal modes (M,
and M,,) in the Kuril Basin. Modified from Mensah and Ohshima
(2020).

KMo Mo EE JE
A J5 1)
(km day”) ©) (km) (H)
HIERISDCEOF
3T -0.79 246 255 365
M T AY — 3k 225 249 255 121
BT A —%
(12— -040 249 255 712
BT A — 3k
(H52E—T) 0.08 249 255 3480
M 2 A —
e M, -1.29 270 275 214
NEFE 2 A —
) N E—F M, 0.77 270 212 277

5. ORE—/—XILE—R
(Rossby Normal Modes)

FAR—=Y ZETIE, BIWRBAE TR L L) R
TEBMBIC X BHRIINT TR, BEPAHRICE D5FH
W75 b o5 5b Mensah and Ohshima (2020) T
&, 25ME NS e S R — ) 7 i O 1T BT R RE AT IR R A
7 — #12%F L TCEOF (Complex Empirical Orthogonal
Function) & Hul& L72EHT 217\, W O OFFEIY 72
L2 L Cw5. CEOFDHIE— P 3ETHl
LZZATWIZ L 2 DT, Fh—v 7% Btk
IR ESNAE—FT, EIAVF—D40%% b LD 5.
—7i. CEOFD3E— FOHFGIIEMTIET % TH 205
BT Bl (R~ 3200 mPARR) 12O AKE kIR %
FOE—FT, FHICENVLRTARK—VDNRY =2 %
AR (K10). FZAEPEI & TR IE DN S v, SO
JE—FZFEZMY ML TH T 2T (Heshwsi, Hhi
ACPHEE) 28 &, WA 2 4 X2 b ELRAE
AL TWDEZ Wb s, WL A X2 MN26 %
¥ U7z 0B, VI & AR 0.79 km day”, JEH
365H & %5 (% 1).

MR ORE % 2 I B W R S EEN T — & 2 5 6 E
DAY —EABI SN T W20 T, KL IZRZ DOIKE)
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E11: 02— —<VE— FORE. (a) M, E— FOWUME
(b) My E— FOMER, (d) MyE— FOWHMK, (e) MyE—
FO#%7%. Mensah and Ohshima (2020) X 0 51E.

Figure 11: Rossby normal mode decomposition. (a) Envelope and
(b) snapshot of carrier wave of the M,; Rossby normal mode. (c)
Envelope and (d) snapshot of carrier wave of the M,, Rossby normal
mode. Modified from Mensah and Ohshima (2020).

HEL 2@ Ea A —KOWH L KT 52 L bimdi.
KUTRT LI, B SN0 E IR STV ERE R
1E—FOBET AL = TDH, IS AHEE 040 km
day”, FH 7120 &, BEIME & 131723 L id2fio$ha
%4, CEOFOHE3IE— FOKX g, HRICRIED
fizfoFy A K-V ROKELZFOZLETHD. ZDX
I i, FAERSGZEAESIELH0T, lHAHANDA
MUZ D B TEZ L L, DAY =T L 5 AR
LEZH L. BEMRE - McoBARENIEIRE LCTH
LNTWBA, EHIKIIMRb-> T A =2
BMboTWBIEHLZDOT, TAV—FREH V).

O A ¥ —#4R1E, Longuet-Higgins (1964) 2 & - THE
MTEDSR S, Pedlosky (1987) 12 & % HERiRA T 0
HEETIE, TAE—J —<VE—F (Rossby Normal
Modes) EWIHET, FELIBHI TS, BHllSh7:
CEOF453E— FOfEHE (M10) 2 W5 &, EMIEICE -
TEWEEZ RO b b, £ T, 3200 mO5F
L E3E — F ORI 2 2 F 2 L CRW A 527
JEMET 7250 (K10 ¥ ¥ Z4JE) (23 LT, TERDMEHT
fEELTBIELT, HEOT ALY =) =< VE— FOF
Mgz Rz HINE, fizfzewe—F M) &, &
BOFIIHi 2 FFOE—F (M) OHEEZRLZDD
Thb. ZOLHTELLZME— FEM,E— FOk
EW DOV H~OMHHEE X, FN2EN129 km day’, 077

(a) Rossby Normal Mode
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E12 : 2010411 A H20114E7HIZ BT %, [(a) - (e)] BIMIES
NIZEEET /3 ) —7—%. [@)-(e)] axe—/—<
VE— FOM M D ERG b Zfitting L 72K £, (a, a')
10H#. (b,b") 40HT%. (c,c') 70HT%. (d,d°) 100H%%. (e,
e ) 130H . HAIM, BRHUE, W& ES cm L U0 emlH]
Wz Rd. KRR, MfERER1£3200 m, 1500 mOD &R % 5.
DAY=/ =3 VE—FiE(a) & () OBHBIH Lo
FwvCTw4. Mensah and Ohshima (2020) & Y 151F.

Figure 12: Time series of observed sea surface height anomaly
(SSHa) during 28 Nov 2010 — 5 Jul 2011 at (a) day 10, (b) day 40, (c)
day 70, (d) day 100, and (e) day 130. [(a’)—(e’)] SSHa obtained on the
same days via the best fitting of Rossby normal modes M,, and M,,
onto the data. The thin and thick black contours interval for SSHa is 5
and 10 cm, respectively. The thick and thin dark green lines represent
the 3200 and 1500m isobaths, respectively. The domain of the
idealized basin used to model the Rossby normal modes is represented
by the black line box in (a) and (a’). Modified from Mensah and
Ohshima (2020).

km day’ (BIl30.79 km day?), #%5E13275 km, 212 km
(BINZ255 km), JEMNZ214H, 277H (BINE365H) &,
PR VEHNE XA TWAS.

ZIT, HIE—FTOEAXY MIHLT, M &My
OEQGHE Tlittingx kA b &, Ttk (R
) X LCOSREICR Y, FACEHIIL 2 AR
b, X120%, 20104F A 520114 12 A V) T HBH L 72 il 1
FIEOEWA XY M(a) - (e)] &, ZIUTH LM, &M, D
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FhRhEbEZitting XV E [(@)-(e)] 230HZ D
BRI THELZbDTHE. D7 —AEM;E— K8
IDEBRL72r—ATH B, HEL GH) 2 ER L %
BOHEE - WMETLIHRTHLIL R LTV L200b0 5.
PEAS, EBHESEOHEIT— NICENEM Y 7
ViZ, HEDT AY — ) —< VE— FOM, M UM, & —
FFRENLIDEEZLND.

B, HETAY—EISHLTHIIALY - ) =< L E—
N O E A2, BT~ O AHEX02 km day ' B
B, PERIZ100 kmAREE & B & 1Z R > THY, BT
WICEBDDOTRREE) THS. T EFERIETIEAH»
)~k AKRERD, MY 22BN THEINLTY
572002, MR IR 2 B & KU, WL LAk
oo & 51k s |, BAREBZEAZLEZEZ LN
5. —HT, \AEOIMNIIAKEIS00 mF i I HAE L
TH Y, FEEOHERKKE— FIZ EE1000 mPLEI2k
E RIS A FFOMEE 2 720, BUEHIZAL MR %2 B & 1%
EAETEMLTLE ) 720, FARIZELOSVWEE
ZbND. HAV—J—<LE—F (BAY—#IR) 3%
FHEICD —HiZEL2 B TH 5%, FRICIAERICB LT
FBEOWwE? S HMEICHB S NFIZIEE A LR,
WIRTARITFEP S FRENZBHE 2 R =Y Z7HIZB W
THEPD NI —AEEZ 5.

6. IBEFRZE (Barotropic instability)

el A+ A= 7, AR (K1) ThRahb

X9, 128 L CRABRSERETS 5. SARRE,
HARMEE &R —Y 70K ZETHRE S, HAREDS
T L 725 B BRI R O B il - B 0 K AT S R
N7/ TdH A (Ohshima et al, 1994). ft- T, ok
- KIEomkEoMicyey 2D, M
L HEOE (FHEYT) ZEIRNTH 5. HRIMREIE
i, Zo7ay PARFEFENZEIT 720, #¥kd 5
28RN, Zo0X) RO 70y MR
LNZWHE, BHROAZERZITERTLLEEZ N,
BRI, \EEARE, BWEALE, H250IEZE0N
Tk EbEARRENEZ ONL. BHERREIIKTES
MOBEEIZEERTF VY Y VIRV F—F Y —2 L L,
JEEARGZ BRI S T E2Y —RAETILARERRTH 5.
70y MIRSNDWENL, FEEBETK L Aok E
DEFEEFH TV RV RO ZE2s, T
MHFEARERTE R A ALELTEZONS.

(a)

(b)

K13 : 4 & —v 7 il @ MBl$ 2 3ok (Iee-ocean
eddy). (a) MiZEBERSDTHE. (b) WKL —F —IT X Z W%
(o) BfiliE 7V CHB S -Gy L K (> %), (D) =EN
ARIEIEERIC X ) B S fzimpl). K (2018) M UfWakatsuchi
and Ohshima (1990) & » f51E.

Figure 13: Ice-ocean eddy (street) observed by (a) aerial photograph
and (b) images of sea ice radar. (¢) Simulated ice floe distribution and
sea level contours by the numerical model experiment. (d) Eddy street
reproduced by the rotating tank experiment. Modified from Ohshima
(2018) and Wakatsuchi and Ohshima (1990).

Ohshima (19872; 1987b) Ti&, [#Hfi L% 5 iR
DNEFEALE] &) RET, MIERERFN 25, 2O
WD 78 Y FOBEIMIMEEALEIILD T E2REL
7z, RAASERANC HUERTEAR D) O ZEICHL ) HLA 72HF%EC
bHbH. brHL, TOMEEITo TWRRPIZ, £&F
ORI, EABRTIIC L FE R FOK A2 & -
T s h, FEoO—HEEHRS N2 (K13 (a). 2o
TEOKIE, 2 O ARIE AL AT SR RO B K 7 it % 12 B
EINTWikL —F =2z 5N Tz 51,
BEOFAKL — & —WigEINE AL L, FREI
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70 Y MBI - T, Wk 8y — 2 &L WHIA KIS
Lo TENVIZIHALEIN TV BBV D RH S,
WHNETFH (EH) HIAMEE L Twb 2 b bhr o7z (K
13 (h)).

Ohshima and Wakatsuchi (1990) Ti, €T VI
$0, FEAMEWEKMATHRE L, ) Y B2
Ut VA SN HEET ZBICAT MV RES T &
V=2 L LTARER (5 23583 2 R 2 BEl L7z
51, ki (sea ice floe) IZATz T2 ML —H—% & F
LT, MBGHERHEKL = — TR DKW
Ny = EBBTLZ IR L (F13 (0). 2ok
I, KON Z REITEALT 5 & v T
bFEF->Tw2a. DLEoiigeid, #F, Rotimto—
e roie

Zh S ofgeE, 304E L ERIICAT o 29T dH B A,
104E13 ERTO20144E12, Z OWfgess, [*Hok” KEldz] &
WHZAL I VDb ET, NHKAXY ¥ VTHID EiFsh
b2l hol. ZOFMTIE, MBS S EHERKR
FHURICID B, LWV DHR AL YA RV NTH o729,
TAL7E =05, [HkifzdENKEEBRTHILTDH
LBV, LIV I TA ML b7z BEHR2S
Rpe, BlyIal—yayi3CCLRMEARMRIZL D
BOEBVWOT, LOZETHoTz. FNFET, KYFEER
FAT o722 Eid b o 2hs, HEMICHBRTE 23T
DT, PET A LI L IERREREREOARIIE
KCASiHE Chlin K EEBREZ T > T/ T, £3Z200
M 2 A SR TIH 72, SE A BRI 2 TS 5 kAl &
R T VAT A ERKREVEAMEBIC/ER LCHE, H
WK ERZ T o7z, AMBINKOT FAN4 2% L, fif
LA BRI A2 LI L (K13 (d), HFMTD
RSN L E oz

7. {BEAFZZE (Baroclinic instability)

F R — 7O HY O (K1) IZHRENTWD
X912, MEEOTBEEEIE A Y Ay = Vilicish Tn
L) RMERD. KRN 75— BRI IR O B
WS, #WOAr — 113100 kmA2ET, FFRHEID (A
JEVE) O AsE s 5 2 L AVREN S (e.g, Ohshima et al,
2002). ZHOBHIEIEOEH 2 H1%, S OIET
B 2 5584 LT, wo< 0 L0510 km day'##
ETH GBI L TwWab 2 & bRENTWS (Bulatov et

(a) (b) -

SNV <A R A VUL v F z T T AR NS 7]
Q—,OOT‘“Vv\\v\i{**:- or V, . :‘1"2«
Zeo YV Y xRNV AN\ ] 5L . "\“» -
[=) TV Y Y r e N vy NV = A A “

o A w S M
cesofT VY Y AxNN ¥\ v @ L PR
© c LV NN YA N~r Y |V t ‘\v\\> N AN
T OE40 L S E N NN e e s v 5| v 7Y

Vb > a q (Ve o o >iv *\b",“,

620 Y < ag o NNuv 4 b A a ] 'S - T S

A R R e 1) A"' \:4“ N
> 600 YV 4wt~ v Z | . 44 A
= EY OV aw N\ e\ 0} ‘4\>\“A1
O 580 < £V v b mU_ v > v (}1‘»’«_

PRI RPE X oV, 5» > '\Rbll—l-
d“,,_»‘»q\ AN ot "A ~A x5

VR s ANy o A" \;,4 N

540 P N 4 4.1, Candosiblin > 1. ou — -

150 100 50 2omve 100 >
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E14 : (a) BRSRERIE & S dicz safb L 729 (3 = —
Fik) 252 2 BAEEFVERIC L HHT7 /<) — k. (b))
TEANGE L PEIHAT 20 5 3B S 72l KA WA & B Wi #55Ai
Ohshima et al. (2005a) & Y f51E.

Figure 14: Velocity anomaly near the surface (a) for the
numerical model experiment in which strong tidal mixing is simply
parameterized by increasing coefficients of vertical eddy viscosity and
diffusivity along the eastern boundary (shading area), and (b) for the
most unstable inviscid wave derived from the linearized instability
analysis. Modified from Ohshima et al. (2005a).

al, 1999). 4w TH R XIS, T imbeE IR
RV AVE C AR TH ), IS X o THEKROH
EIREMPIEHIELTWHIHETL H 5 (e.g, Nakamura
and Awaji, 2004: Ono et al, 2007; 2013). Z D7D IZEHE
PN — k22 AKBRASE & 7L (Ttoh et al, 2003), & DK E
OMICEHEREE 70 Y b 2EAZ L127% % (Gladyshev,
1995). SOk mUHFERHE 7O Y MIARE T ROV
F—rnEOI il Y), BEAREEZAELD 2Hx 5 2
95, TEBEICEHLTWAIE, CoBE7a Y M2
Y HEAREICEN LTV B2 H 5. & 2T,
ZF O RN Z DD B 720 OB T 7V & BIBA L E W
fBHT %2 4T - 7-WF %8 % #3413 % (Ohshima et al, 2005a).

F k= 7T BilA&ORE, THikg L L Tw
% IO V391 20 R 2 & KT — AR ISR & L 72 4R
TERAEE 7 VAT L, BRI SRR & shidii
AL L2 (K14 (a) Oy = — FIR) %5 2 2 EBR%AT
9 &, R OREMLE L MEOMICEE 7T ~ b
AL, EIICWMAIARET S (M4 (a). TOBWET
T 2 MNETOVE Y % AR Yy & LT, Fukamachi et
al. (1995) DOFLECTHIEAZEWRFN 2179 &, ML I
JEARZ B X DAL ERDHEN LN L. KIS HEL N
TeARL RO TEERT, HEiix, REHOJHTAR
HEWROWERERT., RERNTHRERPIE -7 %5
R (1) 138960k T, efolding A 7 — VTR EN L EEH
F15H, AR IZRE TANLG cm sTE B ZORAA
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% (e-folding growth scale: H)

0.0
0

i 2 3
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B15 : MIAURTHMET IV TORET T > MRTOHARY
2B DAV E W O 5 BIAR. HEMIIREY B D MR8 TN g I
DREFEHRZRY . ERISIEMEON G, M EETEE Al
WG, BERVIKTRIE AN 7234, %R 3. Ohshima et
al. (2005a) & Y I51E.

Figure 15: Imaginary part of the dispersion relation c,(1), when the
background state is specified to be the fields of the mean state in
the numerical model experiment shown in Fig. 14. The solid curve
indicates the inviscid case, the dotted curve denotes the case with
vertical mixing included, and the dashed curve marks the case with
both vertical and Laplacian horizontal mixing included. Modified
from Ohshima et al. (2005a).

REWDFHEGATZ R L720OHKI4 (b) ThbH. HET
FOVTHAE L7 i5E, HEAHIT0 km, B H~ONAHME
JEIZH1.0 cm s'C, JLVEA S F IS TV B RS 2 HE
L, RAAREREIET 2L XIBLTWD Z LA
bh b, KISOGHBRIZIE, SHECRE (5 RARCEH,
T (W) & ANTBE S RTA, KPR R) R 50k
RICIVHLDT, 22HMEFOE—-2 (L) Db,
REE (L) ORRERIEIREN D 2 & %2 FHHT 5.

kB, BEEFVERTE, @G EASARELT
WX, 100kmfEED A X — Vo LT, MAIC s
NT06 km day ' FEEEDHETH I MEMT 5. Zhdo
RIS BRI R 2> & OFFFTRR (Bulatov et al, 1999) &
I —#T 5. D EOfIE HEoTy vy AZDY
WL CRiimEAL L 72 8l & 7V 28k & 2 ofIE 2 Emic &
LI TH 5205, BENLBIERLWHIRE 2 IY Az
By Ialb—va y TCHORABRMPEEAREICL 5
THRETHIEDIRENTWDS (Nakamura and Awaji,
2004).

BIKEGL — B - BR#EEEIC LS50

>
(_

K16 : gk & i R O M EAE NS X 2K B 7~ OBgiE
ORI, BBV EIGE, ke FU 7 R &
5T TR, REPEPE (Coastal Trapped Waves) 3 BKE)
T5IETHIREEAR, THIZX > THKRO Y 7 M & HEES
& %. Nakayama et al. (2012) % hl4E - 151E.

Figure 16: A schematic diagram showing the enhancement
mechanism of sea ice drift through the interaction between sea ice and
a coastal ocean. Coastal Trapped Waves (CTWs) driven by the stress
from the drifting ice floes enhances the ice drift in turn. Modified from
Nakayama et al. (2012).

8. BKBHANTHERTRIEHZE

WIRRARNF O G LR Y 5 il - RABL DS L
1, 19904EAC F T2, Z OREBER ML AT 7 O
RENRLENRTW 2 L L, K& EHED BRIk
AT B L) E TOMIRBAR M 2 F5e 1, (13
LALERENT WD 72 ki, FEH—EIRKEV
DA, NV TIRH AT, B ORI, BT T
ERLEAEDLETEY, LTI ORIEFITHL
V. FITHA DT TR, WK & W RE 2R BR D) (i RE
fbsE7:b & TO, WEORMEITHEIKRD D B OIS
AT LIGEMBETH L. R E R IC i LT
KD RHRE, F =2 ZHEOFNY VR THI
NIRRT K B HEEE - kT — & AV CTHEREL 72,

CoMERER, T I00E RO F DT T A
GBI Sk BIEICH MR T A, Freri
77 5 TOBMAD S, IR ISHE AR S 0 2-3%F% BE 0
JE (Z oz @R E ) THIZI0EIZ &R LT
MTAHTEERL, ZOBNRRZEEE LTIV
OMFAHESL SNz BAETIE, BET— 725 L #iPH
THKOEREZMEETED L) o775, BIREKE
BT 2L, BNFEHTIEIZOENKREL R H S
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ZriK o< BIZ1X, Kimura and Wakatsuchi, 2000).
SF ), IREETIRIEKOERZ AL 2500 A%
ZALDNHLZ L EIRTS.

ZZT, WKOWNERIG ) # WAL T, HHERT 5
KE—HNZEV & o, IREYEN T 2 i REEE D
DB A E X KI6IIRT L9 %, WKEmHIbT 5 2
H = X 5 %) L7z (Nakayama et al, 2012). F9°, JaUs
WX D HROERDSAEL B, WIS, WKRPMEIT5 I L
TZDOTFOWHENBHIIPMEDLY, ZOIRIT L > THE
PR (CTW) 2hke 2 5. A TR RHRED
T X 2 IR X 28 & [ 75 1 2 0 T oK E i
PHIRSND, LWVIDOBZEDRAHI=ZALTHA.
U VR, BB BEM AT WS DT, T A
N ALREETHICE D> TIVOYTHY, CREST
7Yz CTHS S NARE RIS X B - kT —
ZI2koT, ERROX A= X 2IZHBICFEIEE R

COWIZETIE, HBHERT 2Kk EHR-> T2, i
KRN SREE LTE»RVWEFEKRDD S, Fh—
T, BAEKIZIZEALEEL VDS, MR
BHEORFHTIILIELIERET 2. 20 X) a1
EHEK TR B ST, EEKOBICIEFICKE
BIMEDEADEL S, ZOX) BEEIIBWT, B
JE K OVHR B JE RS 3 B 3 AN 00 I B & 3 < RFSE
%47\ (Ohshima, 2000), FEBIZEAEEMLOH 5 Y =~
VA ARNVABTHNINHELE S Z L FHWTEL
& % 7% L7z (Ohshima et al., 2000).

9. 8HVIC

F A= 7 BOWEY OFREIE, 199048 F TI1E, 5
HWATEHICERONT W22, I bhroTnih o,
2L, A=y Z7EdR Tl b B KRAPES N,
JERFEOH BB IE A A —Y ZilEZREET LI LN
RIE &R (Talley, 1991; Yasuda, 1997), RO+ F—
e FENT 22 L oBEEEDSERRMICHE RSN
bZt&%of. CREST [A4h—v27ifpkl7ay = b
i, FSRXEOEHFIEZDHLDOT, TOHBERIILDH
IR 70 Y 2 7 MK o THA—=Y 7l 0E
A KU B 22 % o 72, 19984 % 5 20014F D4[H L2 b
72 KRBT O 7 HBLI A 0, ZRORBRBINO
fls, Argo7a ¥ =7 MZBALTTRTZ 74 ) 770 —
MEEE D AT, BRI < W R I 0 B 2 LA

W&

—Hp

WOTERMEZ D > THOLERII R 572, TS OB
MAT, WREEREETT =7 2 EbEDELEIICE -
T, FAR—Y Z A LTV B B4 R E N 2 BIG A3k ~
KO o7, ZNOOHR DL {F kAl &
Lo THMTELZ L AR LI-OPFARHTH 5.

BIIRFBREOFRRE TIMEE T F 2 RAEHYS L TS,
REEHHOPSL RIE, AFTHALZZ MYy 7 5]
BRT2DDTH L. WIEKIPES TS HAIE,
LIFLIET R =F 27 Ocean] EFRENB DS, FH—2 7
M HERTEAR N FOBM OFER 1L B2 5 TH 5.

REETRBA L Bd o 7205, Fd—r 72, i
b BRI I IR AT EOBM S o hd B, A R—Y
7 W ALK TFEDOVRIAE L, W O DI X D
BRSTWARIETH S, ZDX) BRETIE KT
PO (EFENEER - B0 A F v v A ilER) OEE
%3F, Island rule (Godfrey, 1989) ZHit- T, HElED S
DA AT 5. Island rule# i b HALIZKE—E -
JEEC#ENT 5L, FA— 7 HEOMETIE, Lok
THA, FOMEECHREB L, WABIELICRK BIOK
INORELFHEHZTH, b, EWMICIE o
IV BRHEAMICZoTWAZ LR, £BFY 78— F
U7 yAYryr7u—h - HEEER T — 8 S0 bR
ENTw5 (Ohshima et al, 2010). #52% T, EHIZL 3
FORE R O PR ED6T SvIcx LT, +h— 7l
WTOBUEITT I — VLRI SNDE ANV F T v Ttk
AB7 SvE RN S VOIE, HHERME L O HALE O R
HEVEIRBRIC 1L, T Hi#Ek2 5 O AMPE T w1
RETEA D %, W@ - MBI - SRR T 2GS,
Island ruledS& 9 & & —Y 7 #EIZHEH S N5 2 ZPRZE W
T—=XTHY, W{OPDWZELITHNTH Y (Kida and
Qiu, 2013; Shu et al, 2021), & 5425 HFEIN5.

F k= Z At UG A e AL A Bk i K o g K AL I8 T
% Y (Ohshima et al, 2016; Nakata and Ohshima, 2022),
WKAERICE 2754 VHEBIC LY, JERFRERE TR
b HVIKHPAR S 1 ) ;AA T (Shcherbina et al., 2003),
KD RG> T, fild DIsland ruleld,
LR F R =Y 7 OB ORI 2 MER % b3 5
bDOTHEH, TOXHITAHF—Y 7, SHENICD
Bl (b RE) fEBR oM & L TIRTFEE DR dT s T T,
H7e B =i EOBREZFF > Twb. 20 &) R
PEBICE L CiE, BiliE'F VI X A0F%% (Matsuda et al,



WERFRA T F TR A Ak — 7 i 13

2015) 23 5H—F, BMTF—sH»5, ZoHME ($hE) 9§
RIFAFIIHMA L2 L VW) FHIMEEZHFOI LRI 040
S50 FTHEALL T3 2 &R EN TS (Mensah and
Ohshima, 2021). LK FHEDOHIEIEER L VI HMTHRS
&, MRS & B EEILEIER IR & T BRI TO
2Nz & L COSREILHARB O SE 5 A AS, BAIEIEER O
Wirk % o 2 WE R EF L 7 ) 2 (Kawasaki and Hasumi,
2010), 4S5 MM Sh 5.

Db o TEAgEIE, B ZBLICEL T, B
HFOWMBFARIFOMGRE GBI EoTIIMBIELT) @
HAL7Z2Z00b0TH LA, Ll 7z7—~<3Hk
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