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Fig. 1. Schematic of the role of sea ice in the climate
system. (A) Redistribution of heat and salt/fresh-
water (deep/intermediate water formation). (B)
High albedo. (C) Heat insulator between atmo-
sphere and ocean. Drawn by Dr. Kazuya Ono.
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Plate 1.

Photographs during wintering of the 32nd Japanese Antarctic Research Expedition (1990-1992). (a) Wa-

ter sampling with Nansen Bottle in the caboose on the fast ice. (b) Drilling of sea ice cover to carry out the

oceanographic observation.
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Fig. 2. Horizontal distribution of (a) potential tem-
perature (°C) and (b) dissolved oxygen content (mL
LY on the 27.0 oyisopycnal surface in the North
Pacific. These maps are drawn by Dr. Nakanowa-
tari, based on World Ocean Database 2005 (Boyer
et al., 2006).
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VR AE T T 7Sy (1 Sy = 10°m’s™) FL ¢t g
DIFFICH KL, LFICREVE VS HEELFHLE 2
%2k (Mizuta et al., 2003), D EHEDE D 2
DHEEER FF> T3 Z & (Ohshima et al., 2002) 7 &
5L Lz (Fig 3),

7z, CoMEmE, LTS N RIR O E A R
K0 B OK & S ¥ T & b (Fukamachi ef al., 2004 ;
2009), BJEMERSCSRUBEIZHIC B AKRE 2R LT
WET, Wi WHEEEHERKICMZ, TchEBE K
BOWMKPENEINRES 22 LT, BEENLTA
OEE T NER (Bl s LCiddtiag), g
HOEERZBEETZLT 5 Z Lic/k b £3 (Ohshima et
al., 2003 ; Nihashi ef al., 2009), /NEFIEHESGAE D6 L
TWwiz, BEESKOKE, 25 sBEEEEE2D -
TRTTEDTELDITTY, FHEABROMAL, V
ANY VA 5 O O IR - IRECT A AR & L
MROKEFDMA L LTOWMIY 2 2L —2 a V%
Wb FEE L % L7 (Yamaguchi ef al., 2011; Ono et al.,
2013),

CREST m¥ =27 FTld, 7¥ ¥ b RK¥D Riser 1E
T EHFELT, ARGO LKA LT, A A=Y 7ilTDT
v7r7A4 Uy 77— MEMZRBLE L., Z20%D
Bex R E®R%E2 0% 0T, HEFZ T 3007 a—
FERITU, 17 FERIRkGE L CRE - 5 - IKEBREO T
=% —%4fT-> T T (Ohshima et al., 2005;2010), &
I 7e— MBIl -2 i@k R te e 77 v €
TEHTOBHT - 2 EbE TN T LT, TD50
ETA I =Y 7 HEOREKEARLL, 2oy 7 Fun
RO > T 0B T ERHLICHEDEL
7- (Fig. 4: Nakanowatari et al., 2007), 7z, F&H—v
7 gD FIE 3 ARIEAY U S5 EE PR K o A4 B Y 30% I
LTWwaZEbdR®L F L7 (Ohshima ef al, 2014), &
D 50 4T A K — 7D A LT o iRIEL AT IR
DRI 3G DM THEAT L7728, Z Sk A D
EZNITHED EEEREMAR 2726 L, KRNI,
RO FE (200 ~1000m) FTREA —N—F —
v (PIEER) 233, 0SB EL OfHRTYT
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Fig. 3. Schematic of near-surface circulation for the Sea of Okhotsk as derived from satellite-tracked drifter data.
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).
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Fig. 4. Linear trends (colors in °K 50-yr ') of poten-
tial temperature anomalies at density 27.0 o, (ap-
prox. 300-500 m deep) during 1955-2004 in the
North Pacific. Green contours indicate acceleration
potential at 27.0 o relative to 2000 dbar. Modified
from Nakanowatari et al. (2007).

(Nakanowatari et al., 2007 ; Kashiwase et al., 2014),

CREST 7m ¥ =7 b Tk, ®EEREMAICtE-TT
L= VISR D $k A3 d 8 i it 4h & v (Nakatsuka et al.,
2002 : Nishioka ef al., 2014), ZN2 VIO E L
WM& % b 72 53 (Nishioka et al., 2007) &5, BEX
BRI (DB DOE DA BEVBERET 5 LI
ZEAHL (B, 2011), 2BEOIEZAIH T2 Licd
D E Lic, MPERNEEZHO, Tvdcr 0
R OB TIX, 8RR O T K A IR
AT B EEZ BN TV 7y VLT oL
2TV, AERERE L DR S S IR A 1T & 2 7KBE
TERGZBI L ¢, #10 CHEEEANC & - CHHf - %89 %
ZEPTEZ L7 (Katsumata ef al., 2004 ; Ono et al.,
2007,2013),

PlEo &z, CREST 7’u ¥ =7 MEKE LN %E
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e, Bz 1998 ~ 2001 LD 3 4 [Ml oD v & 7 e 3 Z
OHLNEEIE R L, S 0EELT -2 2 BT 5
TENTEE LR, AT, F 1A, Zo04RH O
MBI RTICSML, ZOMEf - MO FLDIHFELEL
te ZO—HT, ZOMEIIAEOWHTE KT 3
RBIELBHOEFATLL, LDL, HhEHLI LI,
TuY s METHD 2003 ~ 2004 FE 10 » B, Ak
Ty VRPICENMREE E L OHET 2SR5 E
L7ze 2D 10 7 HElOY 3T 4 AV X, SCEE
DARICEFSADORMLEEEH T L LHNTE, HHD
FTb 7Byl FEMOICDBIENTEE L, #
HO% WHERO KRS DWHAE ZZ V3T 4 HVHBHERT
HHIL%E, HEF->TELE L,

5. BK&EEEOIIO—-NIVYvELS

Fr—=y o rIaY 2 bCiE, AERFHETIIRDE
WIRDSF F = 7 g0 ILPEREMIE A 5 D A A TIRF
FEOHE (BUR) FEROEMRICR > T B T LD, RER
1l (Shcherbina et al., 2003) KO EHEER 7— 4 € v
f#EHT (Itoh et al., 2003) 2> 5WAEIC /R D £ Lz, 22T
BHUWKRERSINEDIF, T IHEHRIBERY =i
THY, BKEEPREWI EICLE I LREESNE
TH, ECTCEOREBEOWKEEND DD IEELD
Do TWERATLR, UK, HE~A 7 oG
T=8r5, ETITHEDKIE (K =Y) 235 % &2 RAT
EDLZ Lo TEE L (Kimura and Wakatsuchi,
1999), 22T, ATHREVE— 2y v Tions
HKEHRE VT, BUCGHED? S KRR L D Eb 58
HEFITEL, WKEERLZHEET 2 HEEEZRL, £
F— 7S IEE IR WK EER TH L L E
AL % L7 (Ohshima et al, 2003), #5/&, Zo4r—
JWTOMAD, TOBRICKESHKET LI LICk 5
KEER~y €V 7 OMBGOWFRICE > 7-b T T,

H &5 EZOME, I FRICTADRZE T
A OZ#EE > E LT, ERERB/KDOIIZ M
ELTHRD 2w, T 2HMNER QAWK AL
U THFRREIC A > TEF L7z, Yk, BIRIEREKO 4
Hldv vy it u AL 3N, 205 04
Bb b D wHARDHAENIEREAKZHIANRE TS C

EEFEELWRILT L, 22T, AR—V 7 TIToT
Wiz, fEVE— vy IERAALEKEERD
CTYEVIEBMARETLLoTALI, LI Lk
D& U7, WOKARE &R KIEHIEEECBEIRL T b
3T, MR TOIKEERE AR 5 L5
efFFeIFEE b fTo T ERHATL,

ZITET, v A 7w 5K (R =Y)
UL, ZOREIEMETLZ7 VT A LEMAIET
BT 5, Tt opd ki twHLichbE L,
T RLEERT 20610, NAERSD, 2D
SHFICED 5N D TRINIEERD FEA, KT
V3 X Lid NASA @ Goddard Space Flight Center
(GSFC) o7 V=7V —=FLTED, 2ol tbHs
RO 6NI2bDTHRIFNIERL RV EERZE L, H
NSABHERZNZMETL, o L oL@z R
RLTCEE LT, Ul 24307k, FAoficldi+t
DAL % B U 72 ZFGAIE- < AW GSFC o R A F 7 1%k
BELTKkIVELY 2V —TICHBLCwE LK, %
2T, ZKEAIFL A% LT GSFC @ Markus féi+ &
Cavalieri L Ic KRR OREE L b2, HKET
VY XL EEHREE % Lz (Tamura et al., 2007), <
O IE, Z DK% oWfRiciI A h, HEFREHE
LV TEWEKEZLIY XL ER>TOET,

ANTHERET =50 6 KENbY» 5 L, BEERE D
BRRALVEONZHENFHETE OkKDHEVIZESL |
Brx®gEbn3), BEbNicBED SHIKEERIHEE T
EEd, 20 X5ICLT, HNSADPRIICEEL M
KEERD< Yy 7%, IBIEMORICIEFICKE LR
=%, EWHBKEEBESEET S LERLTREL
Too ZABERMIE R ZXP T OWHEICH 2 LI ERIZ
Bz 2 ED7 L, 1FL®, THIEEBHITO I Aick 2
HEOTEROH)P? LBE-TEVELL, L2L, Tvr
FLEREL CHHEVEIRS» 5T, —HTiRER
EHRDE, ZOWBROVEITIZIELIAAERET 2 E
# (Jacobs et al., 1970) = & 7 v >~ (Meredith et al.,
2000) o> 7 FADEMENTH B EDbrh LT,
COEHIILT, EEAKZEE ORRE R E#RL 50
5, MARETRYOIPKEER~ Yy BV 725 E &
U7 (Tamura et al., 2008),

Fig. 51ci¥, BHo~ vy BV 7 OfRERLTCOET,
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CDEI~y BT s, MANETRDMBKAEERD
BORY =X, v AKRY =Y Thh, ZIDEE
KEBHTHD I LICHIELTVET, vy EVZIck
DA DFE L, 52 OUF oK A FE S A IE A o B
1200kmicH 275 =74 L =KV =X THsI LER
Lzt Td, kEEE~Yy ¥y 7OXIZ, HEE
Descriptive Physical Oceanography ( Talley, 2011) 2%
BHEhTwE T, ZoHREICH 2 IPEBKERK
Wk AR L, ZNZ2HED O 570 OB O LEEE:
NEPNTHET, ZOEMEZ0k, Tarfro L
275 DTETH, FRICOBTIIRETTIBRE T,

vy BV I oIE, B3 OMKEESIZ ALY XY =
Yekb, ZOMHEIOREBKERIETSH S LIk
JELET, TTEAVYIKFHBHAR L TS0,
ZORET « THICERRY =¥ B E N5 DTT D,
2010 FFIC A VKM DO KAREEASR C b £ L7, Z DR
DUKAEFERZ TR D &, KA 134 2 8 23R L
7o Z LIS 227 b (Tamura et al., 2012 ; Nihashi

Ice production (m)  Ross Sea

24 6 810

and Ohshima, 2015), ZOHEOMEBHEEHIT, ZITOE
BARERPRKELBLETCWEIEIHLICRDELE
(Aoki et al.,, 2013), D&z, HkEER2HEL %
FEDSHFE SN LT > T, BT 2 EBAKE KK
DFFICZ, KEKOLEHETTFRTES I LIRS
nx L,

KA ER~ v €7 (Fig 5) »51d, HEMICERE
BOBWRI YR 2 HBT b ET,
F—=TZ L —DHEDT AV —HMPKHIE3oDRY =
YORHFEL, 20322 HbED L, T—=T¥ 1L —K
V= YICNT 2K AEEREZ R ET, 22T, Bl
T2 =7 L—D XS RBEERIEREKAERI4 L
RO, TAY—HPKOREEKIC X BEEMIC LB
EH R ENE Lz (Williams ef al., 2016), Z#hix, &K
U =X KRR & B EEAL L MIDKRERRE IC & 2 R Lo
FhRAwD, EREKERZRDZ2ERE R 7 775 —Th
BTERRBLTOET, 2o 10-20 4, PURIMCHEE
I & BHPKRELEASIE L CTw 2 2 A2z b (f

Fig. 5. Map of annual sea-ice production, represented by the ice thickness (cm), in the Southern Hemisphere, av-
eraged over 2003-2010 (Modified from Ohshima et al., 2016). Estimation is based on the AMSR-E thin-ice algo-
rithm and heat budget calculation (Nihashi and Ohshima, 2015).
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%12, Paolo et al., 2015), IPCC % 5 KMl 5= (Rhein
et al, 2013) THRELWMY LFonTcwgd, —AT,
RO YEADZAY (FRARSEAL) R RS g 7K % S
ELTHEUK O TB D (Purkey and Johnson, 2012
Rhein ef al,, 2013), FEMREREKOEKEE, <0404
TR L 72 £ v SR (van Wijk and Rintoul, 2014) &
ZHDET, KU YHKAEELHPKBMRER Y26 D
ZEDS, ESKBEK - REEROLBH 25 &L S 5
D7p, HIREEEOAKE TS 2 ECIREICEE T —
vl TETVET,

Tec DTN —TRHRKEER Y © v T E2RRTT-
TWwT (#l21F, Tamura and Ohshima, 2011), Fig. 6
ko < v € v 7 of#ihi (Ohshima ef al., 2016)
ZRLET, PO~y r 7 (Fig. 5) LRSI —
AT = VT TV E T2, 2RCRLIPKEERNE
WRY =YX, HERBLPRYIC Yy BV T EfToA
F=YI2WICH B ER) =¥ Z /D TT, v v EY
75, IR TTORY =R THOKEERD
WERY=ZXIE, R=U IO TF T4 =R =Y T
HBHIELRBRINE L7z, 7aryOfifllrs, R—1V
v 7 TCIREE AR —RIICER S Tw 5 ARk
(Warner and Roden, 1995) *, ~X—1V v 7z &l
KTl E 15 ~ 2 JTEEHTNIC —RE IS R K DS T &
Nz EEM: (Okazaki ef al., 2010) iR S TV E
T, R=V VT TREAREEIE o T/t §5 L,
TFT 4 =R X BTN BEIb > T 5133 T
Oy TS D £ TH, OS5, EREHE L
Wi © 9, Fig 611k, HARECHILE DY & — )L ifE
I C LU S WKL PEDS S B Z E DR S NETH,
26 DD IAARTHARIFOUERK (O—i) S 1
Z0TIE, EWIEED L EFF->TE Y 3 (Nihashi
etal, 2017),

Fig. 5 & Fig. 6 2> 5, MR T OMgKAEEZ K $
3L, EBINFEORY =Y i3IBS XY =Y &b b
BUCHEKEEENES W L2 7, Ihid, il
HINPEICBDP NI 72, HRDBFBLPL T, K
V=X B TERTVLOICKL, dWifE i FE A K2 #EK
HThoTHE ZRRICFAEN, WMKPFHLIZ Wiz
HEEZOENET, Mo T, i CRIERICILAAD
EOBEOKBTEERA, BB, WKEERLCEZNE
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Fig. 6. Map of annual sea-ice production in the
Northern Hemisphere, averaged over 2002/2003-
201072011 (Modified from Ohshima et al., 2016). Es-
timation is based on the AMSR-E thin-ice algorithm
and heat budget calculation (Iwamoto et al., 2014).
The color scale is the same as that of Fig. 5 (South-
ern Hemisphere).

I L 72836 7 5 v 7 2 (Tamura et al., 2011 ; Nihashi
etal, 2012) D7 —21%, DUTOY A bTRAEEINTE
b, ENDEDL L ORECHHENTHET,

http://wwwod.lowtem.hokudai.ac.jp/polar-seaflux/

6. FIREEKOEH

2000 FEfX E T, FEBEEKOERFESI, T2y T
Vi - a2 7TV =I5 R 3kt ShTwE
L7 (Orsietal, 1999), ZRIcR L, Fald, WKAEE



86 KE BE—HE

By BV LRENTE 2 OWPKAEERIERTH %
F—=7F v, KA (E4) ORI KO E R
WThdETFHL, ZoTHlEME»D2EMZFRL F
U7co SEATHFZEM B O KHOT-4 R Zefivg (325 it
ZEIFBHF O REHLEIA) IT&->T, oMY
BT, RERZEITbNE Lz, T2 ORI S
H 5 OMERTHITIIHBKD 2 R 2SR DT, I-
FE 7o EDRKDL WEICHTZ>TLEV, P
Ficdh 5 R0 =% HIREIC A - T 2 & S HREE R
CHOE L, YR ZYHNIC3HORERERET
BEtHEI7Z 572D TEH, HAP LK THHEo T/
TG A LKA E R T, ATFEHD 5 HEfICR
V=Y A TOREREEBELFHO, RERREREZEHOF
WCANTWINY 27y TORI AN RIS L 20 B
D2RICEHRTE, LI RMELE L, 208 FE
OFEIHESAL, BZHLUGBEAACRZTYA VLA
FTHREZMANTTV, 74V FERE 20 BRICRES
ERRELE L7, FHHEKE, Fxld, RY=YTCTErH
WIKIFHIBTR I PRI L, T AV FIEROTEICH %
TN —IRB» LA EHEELE L, ZNEBE R,
KUV =XYNESY -z hht L RERREEL TE
WLTED, 74 FIRRIEEROMEBES T LR, &K
WMORY =X NICERFATE L obT, BHEKT
BRSO ) IR & A, FE i b o &l
Loz d s, TRELA, Ny o7y 7
DRICIZEPHDLILEDHD, LDarvb, F3IC
FEVPWRT L LICEVET, DFh, FV=¥TT

(a)

ELBEOKDBEOIAD ALV DBRBIZT AV PR -
7ed T, Fig TR ZDIRATHONTARERT -4 D
KR5T, RY =¥ TOMKERPBEAIIE>THRI2 7
Az, EEKOWE %2R OMIROBEVIAKIFRL (R
KHY), ZnEFBIL T, MWEMTICRIES W TR
HIRT 228, 2RFICEA D Z LM TEZ L (Ohshi-
ma et al., 2013), £7-, ZOEEKEMES BEFRIZ, JE
Wicghozd~5 HEAZ > w5, GFD ic s il
HWRWIERIB LN E L,

Fig. 8 oA RT L 91C, ¥ =7 &L —Tld,
FAtRRPED 53R O 9 OKILE OKINe 7 > A — S h i g
BK) OTHIC, ZRICHKPERES 20E Oh R
V=X) BESGNE T, ZOEBKEREICEX > TEWVWK
DBELN, ZDEVKIWEDORRITIH > TIRAAA,
DOKEBRGLEPSEMEREKERZDITTT, 20
r—7 %L —J&JE/K (Cape Darnley Bottom Water :
CDBW) &, @mtREEKD A KEDH 10%EE 5o
% L HftE & (Ohshima et al., 2013), PiA~BIHL T
Y xy FIVREKO—HICh L EELZLONE T, O
FeamsL o a v 7 > % Nature Geoscience 76D HEHKIC b
RSN E L7 (Plate 2), £MUiE, AKikIED %
RO T 77H 5 DEENH > THE T, 0
NAFBRX UV T EWHIFFRICEET -9 %24 -5
U 7 @ Williams i+ 6 & LR L CfTd 2 2 Lc, Rl
FoJEREKICED 5 2B OKERA D EICHHINL X
L7z,
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Fig. 7. Observations of new AABW production offshore from the Cape Darnley Polynya. Mooring time-series of
(a) potential temperature (0) at depths of 26 m (blue) and 224 m (red) from the bottom, and (b) the velocity
component of the mean (dominant) flow direction at 20 m (blue) and 226 m (red) from the bottom. Modified

from Ohshima et al. (2013).
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Iceberg tongue

Wild Canyon

Daly Canyon

new AABW

Fig. 8. Schematic of production of Cape Darnley Bot-
tom Water (CDBW). Enhanced sea-ice production
(red shading) in the Cape Darnley Polynya (CDP)
formed leeside of the grounded iceberg tongue
causes formation of Dense Shelf Water (DSW)
through the high brine (salt) rejection. The
downslope pathway from DSW to new AABW is
represented by the purple arrows. The primary
DSW descends down Wild Canyon. DSW, through
mixing with overlying Circumpolar Deep Water, is
gradually transformed into new AABW (CDBW).
Red bars indicate locations of the moorings. Modi-
fied from Ohshima et al. (2013).

FL7W, TOE4DEBKERBOFKRIZ, FLOLHK
FFE (41 212, Ocean Circulation and Climate : Siedler
etal,2013) IcbMA6NDEIICkEbE L, TOEE
KRAEBEF 2V R — T 250%D, 20, hoED
5H XL EHRETwE T (Wong and Riser, 2013
Couldrey et al., 2013; Jullion et al., 2014), %7z, Fx D
TN—TTH, BEETFIVICK S CDBW O &
Tt o FEL (Nakayama et al., 2014), CDBW ki £
ZiEA W (Hirano ef al., 2015) 7 &, KE RO
PoxERBETHET, £/, ZOiEEH JARE O iR
HE TLod) OBOETHD L5, CDBW 0%
132016 4F & b JARE OEFMED T —< D—HIc b 75>
TED, ZFEEDIHEANOTEITONTHET,

Antarctic Bottom Water
tracked to the sea-ice eédge

Plate 2. Cover of Nature Geoscience, for which
Ohshima et al. (2013) is adapted. (Reprinted by
permission from Macmillan Publishers Ltd., Nature
Geoscience Vol. 6, March 2013, copyright 2013).

7. HIEKGR 1A H%F (Geophysical Fluid Dynam-
ics) DIcH

Ju4, FAE GFD N D 5 FEDOEIC A > 72D
T, WIS OB E L5 b, GFD % ki -
MISHEEIC G T 2 2 L 2O L THICHRI> T E L7z,
FEER, %25\ 2WF%e % GFD I b Bk 2 fo2gd (FEH
s < AR HFILERE Afl) &L —fEiIcfToT&E DT,
RIBICZENS DR LBNAL £, BEMERMICIE, k-
WIS P 2 B D 1 2 R D 4 S 0B - BEICR LT,
(FD@H%%ﬁOT%iLﬁO

L ¥PKEALCORIGIAED S (F7213Eb 5 7%0)
Aok (@B HEK) &, B EEK (B
K) D2ODEE
M TH 5 (72721, BEiEICR-T)
I, BEfFREmosASEA (BLHG D a7z ®)
IV, okhinz agitd %

9, [ AL ccday, &< 1004 Lo+~

Ly D75 LAEEREMICHEb- T BMETLH D
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F9, EE, KGRI OB 2% B O M RS
22 ENbhroTwETY, HLLRZ EIhFEETIEZ
DEPRKEL B A2MEAPH 2 LICKIEET (B2,
Kimura and Wakatsuchi, 2000), # Zi2i%, #KOER
2T 2R EPDA S =R LD H BI1ETTT, 22T
(NEBIE ) 2 G L C) HERERT 2 iK% —HICE W 72

LE o, IREBEIUCK T 200 FEEMEEOINE W% E X,
ER AT 2 2 8 L £ L 72 (Nakayama ef al.,
2012), ZoMRELZ, BUSIIC LD £ WK DERDS
AU, WKDPREIT 2 2 & TZD T OWEANIGIDED
D, RICZ DG & o TRIFHEES RS 0, S
2 QW & > TIKIFERAEIES NS, Lwobo
<7 (Fig. 9 2IR),

—77, WAHEMOBH 2V 2 * KoV LEOREME L
T, ZAFCFIPKDED SEE L CEH» 5 WEE KL
FELET, Zok5%5E (1 B) 1, EEKTICEIG
IPMED 5T, EBEKDBICIERICKE R IBEDEAD
£LET, TOEIBREICBVT, EH AL CIRE)E
IR B R BB o )G % R % f## v ¢ (Ohshima,
2000), FEBKIC U 2 F RV LB CEBIL 72 R EE %
F{FHTE S L% L ZE L 7% (Ohshima et al,
2000),

MIcBELCld, FEtbidE I 3HER FoME—, IR 22 hE
75 TV BT, WEHES KRG 60916 6 51
R R E R TwET, 2ok REEICHL
T, Aoki(2002) &, FIHRIAFE OB A EBRNIC 2 b —
Ly M EEER L, 402 Southern Annular Mode (T
EAMIBLTWRZ E2FHRALE L, REDHID A
BRI &S, Wb IFERARIN 72 56 0 R C ORI 22 25 )
BOT, Bilig A=A LEC TR 33T T, T
CRIFZDA D =X LiFbhro>TnwEHATLR, Kusa-
hara and Ohshima (2009) 1%, EIH /7 HICHEEHE b
S/ Kk, B L v RET, IS TlREISh
DI DIGERIEA M, at—L v F R EE)
X, BCTORTEHREIN 2K OMZERMEE—F
THHTELZ L EHSPICLE L, Fig 101k, 2o
GG REM I E BIC L 28fES S 2L —vay,
BHFERZ MR TORLAZDDOTTY, lich b Az
EDVpIF ET, BER - B - =TV —ET BT L
ThEL7%,

Wind stress

Ice drift => Stresstoocean —> Flow by CTWs

Ekman transport

Fig. 9. A schematic diagram showing the enhance-
ment mechanism of sea ice drift through the inter-
action 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).
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Fig. 10. Time series of sea level around Antarctica
from the observation, model, and analytical solution
for 1996-97. The leading modes of the observed and
modeled (with an offset of 115 cm) sea levels are
shown in red and green, respectively. The analytical
solution is shown in blue with an offset of 215 cm.
Modified from Kusahara and Ohshima (2009).
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HREDHWHEICB VT, T LVEVHEWVIEAER, 9%
DLEDBHErvE YO L RIELTuE T, 487 v
EVIRIFARETORETH b, HFEIHT 7 vE VD
FAEZ B 5% L 72D 1%, Ponte and Hirose (2004 )
I & B AR O MR TR O T 5w T L7z, Kusa-
hara and Ohshima (2014) <%, FEHIARE DI F — 4
»6, EREEZEERE L TR ZERET 27 1 E
VHEEMREL, WHEIZTTERLEK2R3I DT LE
VEDPEET AL LE L, SHICARET VD
5, ZOAMMEEEIRN, 7EIZREATE, &b 3ENFALK
PR (FEAED) ORELB THREISh T3 I LEHS
ML E L7,

McBEL TiE, FicA S —y Z7MIicB8Ww» T, #KE
Tharz ez, HEOMED H L, BILBHENIH L
, HEDRHESGDOERIZIZEAEDDP > THERFAT

ATW Transport
T % = Ekman flux
wady &

Y= — 'y wind stress
o

(a)
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alongshore wind driven

_ =" ATW)
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branch offshore branch

Fig. 11. (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 cur-
rent of the cyclonic gyre, driven by the positive
wind stress curl.

L7, CREST 7”u ¥ =7 Mz & b, HEEKEFEROERE
DBHOPICRD, ZOWRIEITEDE EINEDIHD 255
B E R > T3 &), BIRFEGREAE S 1k
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Fig. 12. (a) Time series of velocity (cm s ™) at 50 m
depth over the east Sakhalin shelf from August
1998 to July 1999, observed by the bottom-mounted
ADCP (red), and simulated in the model experi-
ment (blue). Volume transport (10% Sv) predicted
by ATW theory is also superimposed as green line.
Modified from Ohshima and Simizu (2008).
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Plate 3. Ice-ocean eddy (street) observed by (a)
aerial photograph and (b) images of sea ice radar
(modified from Wakatsuchi and Ohshima, 1990). (c)
Simulated ice floe distribution and sea level con-
tours by the numerical experiment (modified from
Ohshima and Wakatsuchi, 1990). (d) Eddy street
reproduced by the rotating tank experiment.
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Abstract

Global thermohaline and material circulations originate from dense water formation
through sea-ice production in the polar and ice-covered oceans. Due to difficulties associated
with in situ observations, sea-ice production and deep/intermediate water formation were not
well understood until recently. Methods for estimating sea-ice production on large scales have
been developed using the thin-ice algorithm of satellite microwave radiometer data and heat
flux calculation. Mapping of sea-ice production in the Southern Ocean has shown that the Cape
Darnley polynya is the second highest ice production area after the Ross Ice Shelf polynya.
Furthermore, direct observations have revealed that this polynya is the missing (fourth)
source of Antarctic Bottom Water. The Okhotsk Northwestern polynya exhibits the highest ice
production in the Northern Hemisphere, and the resultant dense water formation leads to over-
turning in the North Pacific, that extends to the intermediate layer. The dense water is trans-
ported southward by the East Sakhalin Current, which is the western boundary current of the
Okhotsk Sea. The polynya ice production has shown a significant decrease over the past 30-50
years, likely causing the weakening of the North Pacific overturning. These studies demon-
strate the strong linkage between variabilities of sea-ice production and bottom/intermediate
water formation.

Key words : thermohaline circulation, Antarctic Bottom Water, dense shelf water,
coastal polynya, sea-ice production, satellite microwave radiometer,
Sea of Okhotsk, East Sakhalin Current
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