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Abstract: Characteristics of sea ice variations in the Indian Ocean sector
and off Litzow-Holmbukta, Antarctica, have been described with satellite data
archived since the 1970s. In the Indian Ocean sector, the period of maximum
ice extent is generally reached in October, a month later than in other sectors.
The probable reason for the delay is eastward sea-ice drift from the Weddell
Sea sector west of the Indian Ocean sector. During the ice melt season, the
highest rate of ice retreat from November to December appears in the Indian
Ocean sector. Also, the ice edge along 40 degrees east longitude off Liitzow-
Holmbukta shows a remarkable delay pattern at the beginning of autumn ice
extent season and rapid retreat of the ice edge in the spring melt season. These
features are qualitatively explainable due to Cosmonaut Polynya formation.

B 1970 ERLUBEOHE T — 5 AW, BAEAS ~ NERLUZ O
DV 2V 3 « BIVABRIZB T 2KEEOREEHFN, 1~ FEXTHE
IR TR DN R AAEICE T 2 REIE 10 HC, bk & thxT 1 A HEW, &
DENO—HELT, 4 ¥ FEROWEICMET 2 Y = v TR S MET
KPHICTIEINE ZENFLELTWB EE 2 o5, WKEERO 11-12
HOBERBAEZA > NERTRVRKEWI EyRENL, VaYt R
LB OWKEREIC DWW T, B 40 B odmkgGMnEOZbicEEH L
7z, % ORGSR, FK~FIELOHEARBHE KN 13okE& oL BB oS X »
124 HENS Z &, BEOWIEHENAC I 2H KGR 3 2 HE L
SHETH 2 2 Enbhr ol TOEKE 40 EAHETOWKEEZA > NEROH
TOHHEEREMTHY, FEHRICEF23 A€/ — MRY) =7 OFREK L DM
HARB SN,

B o ¥ A T AWTSeHEREENT BTS2 . National Institute of Polar Research, Research
Organization of Information and Systems, Kaga 1-chome, Itabashi-ku, Tokyo 173-8515.
*E-mail: ushio @ pmg.nipr.ac.jp

&L, Vol. 50, No. 2, 142-151, 2006
Nankyoku Shiryd (Antarctic Record), Vol. 50, No. 2, 142-151, 2006
© 2006 National Institute of Polar Research



FIRFEA ¥ FEEREOY 2 4« BV ABMOMRIER DR 143

. XL ®»I

1970 FFARFIFLARE, ~A 7 uiv oy — 2l L RSN ER S 0, BohicT —
F1Z & BRI O R 2 A B OB 52 5D 5 T3 (B2 1F, Parkinson, 1994
2002), FEEEKO~ A 7 ot oY —i2 X 28T — 5 OZERSERE X 12.5 km 2 25.0
km THIEHRH A, RIESBEICED & 3, MRHEREZ 4N —3 2 B2 EHAETH
%2 Em o, WKROZEM « FLEMORHEEHEET 2 ETERR T - PEHI TV
. Fiz, WKEH = SBEFE N> OHET 2RO EATHY (B1z 1, White and
Peterson, 1996; Kwok and Comiso, 2002), ¥EK{HE O SEREHR I HIBRRBIEFFEO T T H E
HHEHO—D > T3,

H AR AR HZE 1 35 1) 2 BRI A TR~ O A B - &R, FEREA ~ FEX
NS 2RI & > TES N Tw» 5, BF 12 Hh~TaciEmEEtic gL, 24
2 A~ FREH OKIE 2 HElL T 5. 2 OBFE~E~YIKOZEHIL, MfEOHEST & E
X BERICHES T, WKIREEIFRZZMIICE L S BB 2 ThH D, BT OHES
B ET 2550 55 (, 1975). ft-C, IKBIC BT 2HFRBHOE/KD A% 55,
POKffT 2 & D 784 v — 3 3 YEITODI2IE, A > FEX R OB O dk
WHWEOERIEENSTARTH 5. Worby et al. (1998) 1Z 1 > FEER & KR 2 &b Y12
RO B 20-160 FOWHHIC DOV T, IPKHREOFHHZ L Ea—LTWwa, LiL, i
5 DIKIBALE DFH « L EB OBV 7T — 513 1991-1995 F iR o h, % 72 HRE
20-160 FEEDWHRD 5 H A > FER D BT 2 WKEF ORFBIE T Rm I L Tw Ry,

HoKICEE T 2 R T — 5 AFIE, PIAOHIRAR N Z THAEIZ CD-ROM ® 7 = 7
FA M EELT 1970 ERUEDO 7 — 8 AHOEENK S LTV D, F/NFTIEINSH
EMOT =2 ICHRoNS, 4 Y FEREZOHFDY 2 1 « RV LB OIKEEEFE
WCDOWTRLL, ML OWPKEB QR = R~ TR 2 BRI L 3P e B gice v
Wiz, UL, Bon/ARIEA > FEEXKIKE 26 R &3 2 BRI O ENLE 2 16,
FEAMC X 2 FERBERIA RV — 3 3 Y OSBROBE KO 7 O DSEERNC 5 EHZ 5,

2. Hwler—»%

WET = »oipKIcBE T 2WHEBICHE S, [KSAHINTHE 7 -5 D55, DU
ToObOEHAW, V=79 A4 NTAF LD DX, URL(2006 4F 3 HBITE) 20ficd 5.
@ KE=EXT—% > ¥ — (National Snow and Ice Data Center: NSIDC) 2 & B¥EK

BERE T —% (1978 48 11 H~2004 4 12 HOH & & U 1988~2004 FED 45 HF¥MH)

http://nsidc.org/data/smmr_ssmi_ancillary/area extent.html
@ NSIDC i & % & Ak ORE 10 EZ L OfE (1973 4 1 A~1990 4 8 H)
http://nsidc.org/data/g00917.html
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® KENKE > ¥ — (National Ice Center: NIC) Kz 0F Navy-NOAA Joint Ice Center 12
& % sea ice chart ¥8oK (1973 4F 1 H~2006 4= 3 H, HiH )
http://www.natice.noaa.gov/products/antarctic/index.htm (1998 4 6 HLLU%E)
@ NSIDCIZ& 27 =047, DA 7 v iR
“Sea Ice Concentrations from Nimbus-7 SMMR and DMSP SSM/I Passive Micro-
wave Data, Volume 1-4” (CD-ROM)

3. RREHE

31. MY FEROBEKER

FARPESEXIC B 1 2 WKIHE OFHIZE) (A FHE) 2B 11Rd, 2 2Tk
ZHBPK B 15%LL O TH D, FHH LA > FEERXIE, B 20 Eh o H[a S ICHERE
90 & ¥ TORECTH ok 2773 (Gloersen et al., 1992), ¥KIEESRAIZR S
FEHIE A > FERIZBWTOA 10 HT, fioZETXTIHTH S, Zhid 1988-2004
FOTF =y EHEILEHHETH Y, FEROMEMIE 1978-1987 FEDOHARIIZ DT % Gloersen
et al. (1992) IZX > TRENT WD, 5T, 1 ¥ NEXOIPKREREOERBA & % 2
EHALMLE 0 & 1 2 BEBOMEAENE, 1978 FELIRED 27 FRT— R E S 2 5.
—%, ¥EKBEESEMBN 2R TR, @R 2HTHSE (M), -7, &
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WEO L), A >~ FEEX 200E-90°E; PEEAFEEX 90°E-160°E; T A #EX 160°E-130°W; X)) >
TANT X V=T L VX 130W-60"W; 7 = v T VHEX 60°'W-20°E,

Fig. 1. Seasonal variation of sea ice extent above 15% ice concentration for each sector averaged

in 1988-2004. The sectors are Indian Ocean, 20°E to 90° E; western Pacific Ocean, 90°E
to 160°E; Ross Sea, 160°E to 130°W; Bellingshausen and Amundsen Seas (described ‘B/
A’ for short), 130°W to 60°W; Weddell Sea, 60°W to 20°E (after Gloersen et al., 1992).



FIRFEA ¥ FEEREUY 2 4« BV ABMOMRIER O R 145

30 — : ‘ ‘ ‘ ‘ ‘ : ;
| LA ( i | | L e Weddell |
-4 —5—Ross H
| | —@—Indian |
[

20

| ——B/A
7. S Lo ‘ - A= W. Pacific |
e N

10

ot Ny
-20 - ‘ : : ‘ : ‘ ‘ : : :
-30
.40 F
-50

EXTENT CHANGE RATE (%/MONTH)

60 S SR RN NN S NN NS NS
JF F-M M-A AM M-J JJ JA AS SO O-N ND D-J
MONTH CHANGE

K2 FHEKICB 0 2 WSRO AR (£%/H). M1 Tl 7 —s»oBAME2F
A THIBIE L7z b 0.
Fig. 2. Monthly change rates ( + % per month) of ice extent for each sector. Change rates are
normalized in each annual range calculated from maximum and minimum data for each
sector in Fig. I.

~HFTHEOKDEE L CEES D T 2RI, A v FEXICB U 2 mEEBAE (R4
720 OWEEEL) MU LD KRSV E2RBT S, 2O EEK1 T1I-12 HDHE
MR OMEE (AfE) 254 ¥ FERTRARATH S Z LB T»5, BiBXOEHR
DRI IFAEREEIC LT 70 B F 7213 80 B TIRIZHZETH 228, KEEWEGOAIE T 2 HEH
WBXRICE > THRE S, -7, BETRISSNIEXNICHD 2 KEOHRSEL Y, #F
KOFE LB LB OER X I L1tk 5, £ 2 TREBXOMKEIEORAME &
B/MEDZE (Fig7E) 13 2 AMOBEBEZ(LOEE (%) CTHIm L, K2 c&EX oY
HKIBEEEE %/ H) 2md. OB L IfEIC & 2 Hig» &, #KIRERE OB
MWI-12 BicA ¥ FERTRARER 2 2 ENbhs, £z, 6-10 H ORMIZHEKISEHEO#E
KR4 >~ RERTHRATH BREBFHLEL T b, O Al U 72 ¥k 0 4
MR A >~ FEXTEL K2 2 EIERRENTWE E T2 5.

ek, mEmEEKEIX R - IEKICHY 7 2 AR, BE - N S A 2 e —
N IR RSN TV 225 (Worby et al., 1998), 4 > REERIZ DWW CIXETHEICHK 8 4 AR
(3-10 H), BE K 42 HE (11 H~2 H) 2» 0, WKEEEOFHZE I 51 2 K
FERFREDMOIEX L D B> T2 2 b ok,

32, 1) a2y« FRIVLER, HE40 EREDKEMAENDEE
1973 4£ 1 H~2006 4 3 H & NIC #3k X d> & FEH - 72 B 40 FEG D IKBEALE O
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2B 312 d, & C TR 40 FERR 2 16T 5 [BIERE & 7x o 12356 13, mEE O
MEPRAL T2, ZOEBIIROME) TH S, B 40 B LICBW» T, Bk
BB L 7GR, RV =7 OKEFNOBAKE % 72 13BOKER) ORI E > 7-BFInH Y,

IO XD A IIERA L - EREM OGO (b)) HhC b¥KESTFEEL Tns, #
SvnE, 7—% & UTERALEEREMOKGUM X, KEEREICE L TR
Eh, %@?ﬁPbZBwT VXERAE 40 FERR O R (5 2 W IdPETH) o Sk oFokigss,
EUTHEAFIHUT AR Z R L TEEL Tz, 20 & 5 2EHIKE» &5 KT
FOKE_ 3 B REH KRR - R, £7-3EF» BRI, T OKEE T
TBEEE (EKIEHE - B TR Sh, SETKEMESRILICET 2 BRI

RO SN Tz, O K 5 ICHR 40 BER BRI THE U 2 FrR72KB O AR ALE O FEfH
ZALIC KR & LT ¥R R ORI R i 3 2 72012, 3 OFERRIC B W TR A ok
BALE T — 5 A LT, SEORAIARIEIOKED TR b IR TBRAMES, EoORfE
HNOKBED B T 2 B/MEIZ DWW TIE, 205 OFBIRAA « SR 02 bz BRI 2 R &
O HNE, UL, 1980 FREA~1990 FERHTAE & 2000 FEARHTH TR L A3 LR
5 <, 1980 AR & 1990 FERBPICRH L ASTWEANC H 5. £z, T & 5 AN
SEBEMORHRIE, 1 > FEXSEOIKIEHRE DL (K 4) 1281 2 FERKHEOFE
B - SHEOEBEADO Z M L IZIZE > T 5.

RIZKGDFHEB O R E B2 7012, FEOREE % i 2 7K EAIE 0L %K 5
TR, BRAE 40 FERR B 51 B oKigkAL_ B O BHIGIFIE 4 H DAREICHRE & 70 % & L 03—k
L S 2 5. AR 40 R EOKBATE DS 3 A T H b b2 BRIE L e W, 1970-1972
FEORKR AU DT = o branTwsd (M, 1975. K1, 2iAsns L1,
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Fig. 3. Seasonal and interannual variations of sea-ice edge location along 40 degrees east
longitude read from the NIC sea ice charts from January 1973 to March 2006.
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Fig. 4. Seasonal and interannual variations of sea ice extent (> 15% in ice concentration) for
the Indian Ocean sector (20 to 90°E) from November 1978 to December 2004.
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Fig. 5. Seasonal variation of ice edge location along 40 degrees east longitude. All data from
January 1973 to March 2006 are superimposed at the same day for each year.
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Fig. 6. Seasonal variations of sea ice extent in 30-50°E and in 70-90°E averaged in 1973~
1990.

D2 B 4-5 HTH Y, 4 > FERN OO T H 2 ik 70-90 T, 2-3
ACHEE S EEEASRD S (K6), 6> T, iR 40 BRALIZA >~ FEXOFTHEK
ZOUPKIBILKBIEISBE R 2 RS 2 Edbhrolz, 2D & 512, Kgodt LB - ¥E
KEIERDOENLO—R E LT, KEEBEFOBEEIC L 2 KRS HOREHHETOEODFH
Zehd, Lrl, 1 FERNTIEIRBERFEROMEIZIZIZFEL <, HRE 80-90 FE ik
DU AR TR 66-67 FET, PRAE 40 ORI (FiféE 68-70 &) X 0 b & L A KA I (LE
LTW3, 57T, MENMIET 2B OB S ZHKISIL ARG ORI OB % 5
T&ERW, WKORE « RffE R CEENCE 5.9 2 K5 - S OMEES 2 b L@ 3 2
CENSBOBETH 5.

33. BELBKERALELOTERO—EE
1) KRR ERIEAICE T 2 R OER

ZO—HELT, vy T NERKDSOWKOBMENEZ 5N D, A ¥ FEROEIZA]
BT %7 =y 7T NVEROEKDS, A E ORBEAMBITIC & > T >~ FERAINEX S 2
(B 21%, Emery et al.,1997). ZDOZIREOFRIFBEIC L > THRE B 2 L 2REBT 2 HEEH
TS OV ER OZF I R on s, 7 CHiKRER OBEZEIc Ow T >~ FEEX
Lyxy AR E QR R R, I 2 CHIKBIARIREE, SFAEE 2 R TR
L, ZHEB OB ZER < 72012 12 7 HOBE TV 2B - 72, WHIITIZ B2 F - <
ERFLTWBE ZEWbrd, DED, WKOEAOEEEDSH Y (F5n») £, A



FIRFEA ¥ FEEREUY 2 4« BV ABMOMRIER O R 149

2.0

—— Indian
1.5 I VVeddem

1.0

0.5
0.0

-0.5

-1.0

-1.5

NORMALIZED ICE EXTENT ANOMALY

DO~ NVNOHTHLONDODD QY
$EE838I8S S
- . ™ .~ W~ T~ ™~ ™~ ~

S~ a®
SSSS
NNNN

X7 KRERORZEDOHRBRIC OV TOAL ¥ NHEX E Y = v 7K & O H# (42 Z1k) . 1979
-2004 FF-0 HRIPFE 2 A E & U CET U 7 & FE H OV 2 SR RZE THELL, 122
HOBEPFE 2L 7.

Fig. 7. Time series of sea ice extent anomaly between the Indian Ocean and Weddell Sea sectors.
Here, values of the vertical axis are 12 month running mean of anomalies by normaliza-
tion of anomalies (deviation from normal divided by standard deviation). The normal
values are calculated by averaging values from 1979 to 2004.

Y RHERTIRIE () OFRZEERY, Vv T VBRTIEZOME %5 2 L ERRICHE
fRCcE 5., ZOWRE, FICFELZILOBER % ERINHERT 270121, BERR - K
HEDT — 5 2T 20BN DD,
2)  HAR 40 R L ookigdh ERMR OB, A v FEXO¥EKEE R O EE I
INODERELTE, VaYr RVABHOIAE/ —bKRY =7 D (Comiso
and Gordon, 1996; Takizawa et al., 1994) WHELGEL Tw3 LHz o3, HM8IZK) =7
HERF OIS ER 2 PR T 5. 2D X D BKEORY =7 BRI E TR O Ok
BALE O ) ZHIHIL, 72, 11-12 AOBERIPKBHEBEORBWE 5 LTWw5 &F
zZehs (2)., 512, RV =ZTERIC & 2KEDRFTHIZEIED, HEED SR
DI DHEAZEL, ZOMRRE, VaYsr - RVABEEKDHHE - i85
AJFEME % Ushio (2006) X3 L Tw5, 20 & 5 %BRIIKE ICRIBES KD HELIGD
BIEAMSTEZETH S 2 & (4R, 2003) OERICBWTHZLBLEEZ 5.
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Fig. 8. Typical patterns of ice concentration around 40°E when the Cosmonaut polynya formed.
Arrows indicate the polynya location and the color bar the ice concentration scale.
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B, AV FEREY 2y TAVHEX E OWEKBABEZE OMEBEIC DLW TR 2/, 2ok
5 ISR T — 2 ED  WOKEE O FHE A 2 MR « KABIF R SR F R 2 Bl &%
BT ENSBOFETH L. £, REEGREBOWEIKIRE, FHCY 2V 1 « RIVAE
WNOFPKIREE & A TOKOSE & OB 2R 2 2 L 13, WERIZEHATEIC B T 2 miR
WAL=y a v ZBWTHRTH L., BHET—5 O % & 512D 2 L3z, B
MR 5 ) 2 5 « AV AEM, FITEA >~ FERLREARESERIC b 12 2 BX k2
A7 — v O¥PREFHRRICEH LRI K ERIE 0 5, BT S 02 HikBii
DIER 2 BEOARZEACEH E HIFEHAT 2L bEETH 5.

Kt THWI T —2 O—EBi, REMNE L (BHERY) »ofefis i BH T —
Y EBFICSECWR W, &, KT —yBEBEEO—HIZ, EN BT
0y x 7 MHEZERGE [ ERERIE E I O¥K T — & N — Mt (B 16-17 ) RO
W A 2005 FEEEBSERTFRBIEL (Bl 053299) O—ERE L TiTo72 b D TH
5.
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