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Seasonal Cycle of the Antarctic Coastal Ocean

Kay I. OnsHiMA', Takatoshi Takizawa?, Shuki UsHio?
and Toshiyuki KAWAMURA!

Abstract: Under the Japanese Antarctic Climate Research (ACR) program,
year-round oceanographic observations were conducted in the vicinity of Liitzow-
Holm Bay, during 1990-1992. It was found that the thickness of the Winter Water
(WW) layer, characterized by a cold fresh oxygen-rich water, exhibits its maximum
in the austral fall (typically 500 m) and its minimum in the austral summer
(typically 350-400 m). The associated density variation of the water column
explains only about one third of the seasonal variations in sea level at the coast,
which suggests a large seasonal variation in barotropic coastal flow. Prominent
freshening occurs in the WW layer during fall. This appears to be caused by the
accumulation of WW, whose upper portion is freshened in the preceding summer.
We think that this accumulation of the freshened (accordingly less dense) water is
a possible reason why bottom water formation can not occur in this area. We
propose that the seasonal variation in the WW layer is mainly caused by the
seasonal variation in the wind over the coastal ocean. In fall the prevailing
easterly wind intensifies, which increases the Ekman convergence of WW in the
coastal ocean, while in summer the opposite occurs.
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l. FERR¥EEES; ORES

FERRHE D b A = L, ZOBENABNTHL L\W»D 2L THS, K113, FEERIED
350m FETD, (a) K7 »¥ v VIRE, (b) 57, (o) BHFEE, OKFIMERLIZSDTH
% (OLBERS et al., 1992), &2 OYEENEBINIIHL T b 2 LR b BEELFHHTDH 5,
22T, MEHASCERL AL L, KR EE - SEEOKPIKREZRDE L S1CLT
SELTWB I Esbnsd, BL, ER-> T, vy 7 VEE o AEOBEAITZTE, ©
LML D HEOHEICZ>TWS, ZHIBEOWKNEET 2 2 L 2EKRL, BERERBKDIZE
AEDRINS DIEBTELN TS Z LG LTWwa,

B2 (3EEAE 40 FE (BRI ICAY) BT, () K7 ¥y VRE, (b) o, (o) &
R, OSNEWMER TH S, FEEOFERE (1000-3000 m) 213, ILARFEHERBEKICERZ
BOER « B - 80K (AR Circumpolar Deep Water) 23FET %, Z DK

X 1a

X1 350mBECBITS, (a) KT ¥y @dE (C), (b) 5> (psu), (¢) BFEEFE (ml/l), DK
45346, OLBERs et al. (1992) X DNE, KENIBHIEMOH 2 ) 2V 4 RV LABERT.

Fig. 1.  Horizontal distribution of (a) potential temperature (°C), (b) salinity, and (c) dissolved
oxygen (ml/l), at a depth of 350 m (after OLBERS et al. (1992) with some modification).
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BFEEAKIZED 7~ U FBUCE D BRI X > THEEBREBGE (2 T3 63-65 EAHT) 12
M- TU-ED EFeons, EEEi T, ZOME-. 5 - BMEORBER KD FIcE
R - B - EEEEORBELZE/K (Winter Water) 2305 T A EWIEEEICR >TWaE, 1B
BleEHT5E, COXRBADELLEL 5> T0E I LML LTH TS, 2O
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Fig. 2. Vertical section of (a) potential temperature (°C), (b) salinity, and (c) dissolved
oxygen (ml/l), at 40°E (after OLBERS et al, [1992).
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SALINITY (SECTION 40°E)
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DISSOLVED OXYGEN (SECTION 40°E)
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X3 FEEREORNOBOBESN. ACC 13 Antarctic Coastal Current (RIRBHEDT) % T,
Fig. 3. Schematic illustration for the flow fields in the Antarctic Ocean. ACC is the
abbreviation of the Antarctic Coastal Current.
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THRETIBEICY, DI E+HCHIo 75 AT LED D 5.

1980 FFHIH: F T, FERENIC B 2 8E TOEERHNIL, Mawson EiCREFIE 2 & DE]
HIEHD & T DEICERE STV (ALLISON et al., 1985; WAKATSUCHI, 1982 ; FukucHi et
al., 1985), oD ETOBANZ, HENEM T —H NV REENER TR L0 T—l%
B ES IS HTOREL VLV RESD 5, £FH 5 WILBFEOESE A OLEELH <
TR T, 1980 FBE L DR o L AL BRISEBAESR TWL L O{Tbh b1 E->
7z FTRYV v TNVEELSEFRICITEI L ED 2 LT, WWSP (Winter Weddell Sea
Project, 1986), WWGS (Winter Weddell Gyre Study, 1989), ISW (Ice Station Weddell, 1992) %
Wwot, —EOEE SO Y 27 b, 7 X% Columbia KEFD A. GorDON % HulMZ{Thil
7z.
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POk R — T —> a7V 2R Y v 7 VEOEKEFNICEL S €T, £PRICBE -
KeGRT = REUFL LD LI DT, LFEOEBRBFSICEL THRA % Z L85 I
Irofs, FRICEBELHIRE, 2R TRBORABEBKN EBORGENICEZEICRYAEND
Zr (—&IWZ4m, —HIZ04m OEET) MBS »IZ RS/ 2 & THH (GorboN  and
HUBER, 1990), Z D7KH 72 6 FTHEBOE L IFIZLFTOMIKERE L KO LEFICKE X
HELPTIZTT. FBIZLOENIBE 77y 7 AT HE AW/ m? bk D, KFEOHEHKD
BEEREIO0m B TICEED B I EICisd, KEIE mIZd Ry E DE VT Z O
HEroDHBEOBIC LS, £z, LBETROEEEZ KBOLER) BWhalkdlzd, &
J& % TR0t (deep convection) 23U T WL 5,

3. ACRIZ X 2EHI
ACR (Antarctic Climate Research: FEMxHIIE D 5ARZFNZEE T 2 850H38) Ob &, F3l -
32 R AAFEEEHIRETEB (1990-1992 ) Tif, BHEMOH 2 Y 2V + « IV LABAKRUZ

4
iz CTD DAL, BEHFIZ Moriwakl and YosHipa (1990) 12 & 5, SiRIIES
K DHEBIF) 2 (E %77,

Fig. 4. Bathymetry in the vicinity of Liitzow-Holm Bay, showing the locations of CTD/
water sampling (open circles) AXBT (solid triangles), and XBT (solid circles). The
depth contours are drawn for every 1000 m for depths greater than 1000 m and for
every 200 m for depths less than 1000 m. The bathymetry is based on MORIWAKI
and YOSHIDA (1990). The dotted contour denotes a typical margin of the land-fast
ice.
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OMT, 2EFBFEICOI > TEPHCEEREI 1T 72 (Takizawa et al, 1992; OHSHIMA et
al., 1993, 1996). 2 FEfkit L € & 2 BEOHFHOEHFEEE » BT 2 L v ) Bk Tk, Eis
TRYDTORALE> T F 2 BN LI RES 1T 2 2 LicBEhhie, 55,
VaYxr RV ABOWMWIE, Vv Ty v A YOEBIEL, Vv A YEHEET 5
OFND LEFIHE 2> TV 5,

413 2 « RIVABHLOHE & ACR TOBAIEEZRLIbDTHS, ZOANIZ
1HH;, shelf break (KEEMIOZKOAMEER) F TEBKVEDHLTWS, ZOEEKEMHOD
FOKBORNIZ LIZUITRERY =Y 3BT 5 (IsHKAwA e al., 1996), BEIIEE KK TR
EFELEICL->T, ZOWIRMZEE - (EOA) IX->UTbhbhl:., BHlF—4 13 UsHio and
TAKIZAWA (1993) B X TF OusHMA and KAWAMURA (1994) 12U ST 5,

4. FERCEEESOZEHIYA 7L

ZDHEITIE, ACR TOBEFERICESWT, BEEESEOSMHIY A 7 VOB 2B~ 3 Z
YiZT A, B, FELWVLEERIE OHSHIMA et al. (1996) 2 5.

X51%, AXBT (MR TAEID XBT) 8 & U XBT O8#NIC £ %, & OREMRZ (shelf
break) T®O, KEMEMED 2 FHIC O/ 2RERINTH 5. EFCHIRT I2REXBRIIE, L
[EHE m iz —EL2 B U CEE—E (ZITFKEE) th-oTwa, ZhHMNK2 THHEL
1EBEEAKTH S, K513, ZOEEBREKOBESPEELSFHELMT LI 2TBLTY
2, 2EMEBES (11-3H) CHOPIKEEHNEAILTWS,
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AXBT i &%, KB I'CULIIRHREEL TV 3,

Fig. 5. Time series of vertical profiles of temperature (°C) in the shelf break region off
Liitzow-Holm Bay, covering the period from March 1990 to February 1992. Loca-
tions of the stations are shown in Fig. 4. The data were obtained with XBT in
summer (represented by solid circles) and with AXBT in other seasons (solid tri-
angles). Temperatures greater than — 1°C are shaded.
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7 vy v VEE, (d) BEEE (ml/]), OHEREOEEEL. BI3EBELOEYFE
TRLTWS, IV FEIBOT—FEINFEIADODERUCERELTCI VY —
ERWTH B, EFEKE DRERRT CTD W & D BHIL 7-F5%
Seasonal variations in vertical profiles of (a) potential temperature (°C) (b) salinity,
(¢c) potential density, and (d) dissolved oxygen (ml/l) at station L3, from May 1990
to January 1992. Location of the station is shown in Fig. 4. The water depth at
L3 is 510 m. The dotted contours are drawn on the assumption that profiles in
January 1991 are assumed to be the same as those in January 1992. The months
are indicated by capital letters.
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%, L3OKA + 7 7 OfHE EIcAZE L (K 4 BH), SEKOHOBMIRHE & DR h> T3,
VLR B R BRS T2 £ DFER D &, WO BRI DA HRIE 123 > T Z DM FILAA
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BEH, FE 4,58) K&K, EF (1B) TIN5 2 0w), BEERFHELE LTV
ZEDLYL, TNREMGETOBE (XS5 L3 FELEV. H6nobhrsbd—oKEl
FHEUZ, BB EEOEAVZELBETLTWEATH S,
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Fig. 7. Time series of the averaged salinity from the surface to a depth of 200 m in
Liitzow-Holm Bay from April 1990 to February 1992. All the data taken in the bay
are plotted. The locations of the stations can be found in Fig. 4.
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Fig. 8. Seasonal variations of the averaged salinity from the surface to a depth of 200 m
in Ongul Strait for 5 different years.
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B2EMEVBEETELTWE I b b, &+ v IV BWL T DAL, SEOMIZE
X 3 MOBEOHEHEELD 5, M8 ixZhs bEb¥/: SE/MOD, L& 200m £ TOFE
HEFTY FLEbOTHS, HEOEMDIESIET 20T~ TOECKEL TV 5,

ROESEALIZEEKOBRIC L 2, LI OBETHEZOSNDLIETHD, £ T, L3TBWL
T—RICTHENE 2 H 2 72 L &, KOMKDEELMT m O¥K»@if#E L 7: 2 L% T 3
DEIFHETLE, 3m LIRS, EEKE TOFEEHPOKMER I+ cmBEBETHD
(KAWAMURA et al., 1997), ZOROERILIZ T —H V72N T > A TIFEBAT & v, OBk
BTOYEKES 50cm-1 mFEE (ALUSON ef al., 1993) THY, 3m LW IOEICHRS En
ONSWETH 5., BEEOFER L LT, REELSDREATRADFHZ 51505, BIFEEHIE
SERTRI->TWBEIZE (F7) ®, BRICW-TH, IR TEHEAL DN, FKOE
HALICEL TR FEZ o602 2 LR, BRI TELEBOREADIH L DBEOANEINE
Bant, EBIEL#BE>kiDTREONENI ZETHAS.

£ AT, BIEASki b EKERVEA LKA TH U, SR L ET T 2RO T TH 5.
Lin L7236, ZOWE Ti EEOREKOERIHBRAERNIC L 25 8EIC) B> Tw3E
Wb, ZOZ BRI OREOEE THEBRERBKNSTERLHLI EO—D2DERIZZL> T3
DTIERD, EHRIZFEZ D,

RIZI D& BRSO BILKMLIC EOREFER 52 20%5%F 25, M9IX, v
VAR (KZE650m TOH) WBPIEYART v V7 /<Y —DOFFHELERLLZDOD
THb, WO LI THIRIFERSER L5, K9 IZBAEIC BT 5 A LOFHIZL (K
&fE) b7RLTHD. NAGATA e al. (1993) 1Z L+, BRIFEMOKMIZIK ) KKK, B
WEUN (LA) 2, ZOMREIX 26ecm i2b e, 72721, tide gauge f1ID 0 —h VL ERE
FLOHERRELTRS L GEHS, 1996), ZOREIX 2ecmBEE %%, M9 R &,
PREIART vy v V7 /<) —DRKR/AINI 7% DRI & —B L T 503, Z ORI
AKOLCHAET 2 & Tem FRETH D/AKMLOIRIED 1/3BEIC Lok Skn,

Z OHEFIEM TOKMIOK & LZEHIRIEHSIE L v & $40E (3 /NEE - A& (1988) 135
I BT SR OBENC X 2 A[REME D IERE L T\ %), KAIZE(EDOTERD O 2/3 IZEETD
FEHRLC LA WD, L, AMESCHENL T 2EBNEROZHELE KL T3
EhuE, BERBKICEK - BICRVICR B2 Eick 3, BT, BERORIOES 200
km«FEKEEZ 1000m &35 &, KEOIRERS OFHHRIES 15em & LT, H#EHROBHER
DOFTET 3 L, JHEROEHEIITEIC L T 11(SY), FEICL T STem/s 72D, kgD
KERDDOTH S Z LD, KLUDOFNP T A OFfHIZ I OFEHELICBBLHRES T
% (OHSHIMA et al., 1996), %7z, FAHRBACH et al. (1994) O 10°W-20"W WD Fis B 52 &
bFELRW,
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Fig. 9. Seasonal variations in the geopotential anomaly in Ongul Strait (solid line) with the
reference level of 600 dbar and the sea level at Syowa Station (dashed line;
redrawn from NAGATA et al, 1993). Open circles denote the geopotential anomaly in
1990 and solid circles denote that in 1991.

5. EFHVAINVDAH =R A

EEREE T3, ABRESKOEIBIUBICRKR, BERCRINIE S 2 &, KE LBOE
EREREADHR T 2 2 b ol RICID & D REERBRMEABE O A H =X LT
B0 EEZD,

ZH Z HEERER I AR AR S EEBEAFEARNIEL E LI RERH S (K1, 2&
)., 2, BEBOABETH 2 /B &L 2 EARAND T 7 < VBRI D D, R
D =V IR IBEREMTES, HEVEREFOMAFOMBRICLLLEZONTWS, 22T,
INSDORIIOVTENRFNBRLTAS,

KEOLBOEE DR =Y IZL 20MOERICE L T5 L, FRBICEITEL D EE
DDBEDAENDZ L% BL, - FBRIKBASNBEBCR3ITTHSE, B
SR LEFPROLTREBERY =Y TOESOBAIZ V., —F, EEKTOBRAITIE
B 21X 6), kFHESY 7 T v 7 ARKERADETH D, FEHHNCEKEL 78S 2> T
W3, EEKTOKD S 2 BEHROBEMMEE > THRER) =) OXk2RBRLTWS
(FENRABMD S HLBERYLEZOND) LIKET S L&, BERY = Y@EETIE, &
DEZBAROEE Y REHLZHHATE W LIk 5, HL, KYDE I ZRKELSELFIT
B ERY) = YETOESS - BREEEZ EOBRAERFE - RIZbO» 52V,

B 10 DEFLIZ, BERIEMIC B 24 EROERV RS AEERANIE) OZFEEHZEL (1978-
1992 £ 15 FERD ) 2RLTWw 5, BB IS8R T2 OLERE 35 7%
DE, Ziud, BRI L D ESESERARICITEALECBRERTERL TLE Y,
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Fig. 10. Seasonal variations in wind speed at Syowa Station. The solid dots denote the
monthly mean of the wind speeds (alongshore component with northeasterly wind
being positive). The open dots denote the monthly mean square of the wind speeds.
The average is done for 15 years data obtained by JARE during 1978-1992. The
wind is measured at a height of 10 m twice a day (0 and 12 UT).

WEBRTIIEICHEE 2 2L 5, BAEMIARELD dkmBER-FoRED ECH S
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B 10%2R2% &, SEEOERRED, KRR, BN R2FEMHEEL TS Z Dby
%, Ihid, KROEBIGEIKICRDBFRIGADEB IR VIEEERICY 7 v 5729
(ENnoMOTO and OHMURA, 1990), A CIHEREDIEEFIBKICHR LB ECRELTFI LD T
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Fig. 11. Schematic diagram illustrating the seasonal
cycle of the Antarctic coastal ocean. WW
denotes the Winter Water, and CDW
denotes the Circumpolar Deep Water.
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Fig. 12.  Schematic diagram illustrating the rela-
tion between the shelf width and the
Antarctic Bottom Water formation. (a)

omshore transport A case for an ordinary (not so wide)

of fresher water shelf such as off Syowa Station. (b) A
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