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Thermal structure of the open polynya formed off
Riiser-Larsen Peninsula, Antarctica

Shuki Ushio*
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Abstract:  Satellite images have suggested the presence of winter open
water, or a polynya, off the Riiser-Larsen Peninsula (around 68.5°S, 35.0°E) in
East Dronning Maud Land, Antarctica. To ascertain evidence for polynya
formation and to survey thermal structures, the 4Ist Japanese Antarctic
Research Expedition executed aircraft observations in 2000-2001. The observa-
tions have verified that the polynya appeared and sea ice formed in the cold
season. In the polynya region, water temperature profiles were measured using
an Airborne-XBT device. It is found that the winter convective-mixed layer
which cooled to its freezing point reached the depth of about 250 to 300 m. The
mixed layer was thinner than that of another polynya located over the shelf
break around 68.5°S, 39.0°E.
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RIJNBE S5, ZOW, WHERBEIREKEMFIGEL Tw 25513, ERLIKRAERIC
5 I X > TERBOEEMEDMEES D, Z ORER, KROBEMAKDEENIEL,
IERAEEE I 2 S FEA L T 2 AR AKEFEO SR - @Sk EBEL T, 3o EEE
B L 72 BSEARDBRICHE DD L £ 2 o Twb, MiEEAOEREE, HROEE
BRIETEER D EXE 2 HH s, HIBRRBR O KR SRR I H S 3 %5 (B 21F, Morales Maqueda
et al.,2004), 2D X5 IZR Y =7 BEREBIFEEIC B W TR TEEIOMBI L, #HERERE Eo
HERPRT —~D—2 %> Tw3, UL, Mo EMESREEZHBEHORY) =
7 CIREHBIH T — 5 OFBEB D20,

PRIEMSAIET 2 Y 2V 1 « RVABOR A, V=t e FEMTICBWT
R =7 ORI EEE G E RS0 (B2, 1WA - B, 1992). 72, Hoshiai and
Chujo (1976) 1%, [RIEEEMID a7 7 A 2> ¥ »HEME OIS BIKE S EFELET %
ZERBELTVS, LrL, R =T OERELHEFICOWTIRIZEA D> T,
Z2T, ZORY) =7 OWHERELZBE L, KESHT — 5 2B T 272012, 541 K
FRHIBRIIBR I 38V THLZERC X 2 ¥R 21T o 72, T ORERE2HE T 5.

1 NOAA/AVHRR FRAEGIZ L2V — b « T > EEFEIOWCREL (1990 4 8 H 21
H). ARHEINRY =7, AR E R EEKZRORIT 2R 7.

Fig. I. NOAA/AVHRR infrared imagery around the Riiser-Larsen Peninsula, August 21, 1990.

The inset map of Antarctica indicates the imagery area. The white arrow denotes the

polynya region for the present study, the black-open arrow the protrusion of landfast ice.
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ARIEEH O PEAL P 200-250 km, ) —+t )L Tk VREBEIREIIC B W TERY =7 0
2R THEEGNEONTWS, M 1122 D0—Fl%2Rd . ZHI3#EE NOAA/AVHRR
DFRHER T, REREPINCESHAIVPELS 52 L5 I/ bDOTH S, FH
& 68 & 30 47, HRE 34 BRI EOWEESHRICED S d, ZORWESS, HL AL
2 B OIS & D b SRR b 2 BRI £ 72 13BOKER, 2D RV =7 ThH3, &H
41 KB OBEIARTF D 2000 4 3 H225 2001 £ 1 HE TIZHOWT, RV = 7D OHEK
SRR 2 1CRT, R =7 OIRPHEREIR, HKOKECEE, KEOERIC X > T

2 2000 4E 3 H~2001 1 DY —& Tt 2 2HEMKR Y =7 0ZE{t. NOAA/AVHRR 77
SMEIRIC & . ARAINKR Y =7 HEOAE, RL2Y) —2V « IV R RRT.
Fig. 2. Seasonal variation of sea ice distribution in 2000-2001 shown by NOAA/AVHRR
images. White arrows and ‘RL’ indicate the polynya location and Riiser-Larsen Peninsula,
respectively.
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BIFNCEB L T2, RY =7 EF b > TH—ERICEHA TV S, fioFizon
TOMEEGRETY, FAFEORY) =7 HES HEID & i,

ZORY) =7 THOKAEFENE L TV B E 5 e DR TR T 2 L3z, KE#ED
FRE L 2 OFHZAL 2 BT T 2 72 D ITHZZHBIH 21T o 72, B L 72 JI8 388 R R
AXBT (airborne expendable bathythermograph: fiiZ¢## TR >0 7 7 £ 7 —) T,
WEIE S 460 m EE TOKESAE 71 7 7 A VaNEGENIcE S5, KR, TEOHER
FixZzhZnL0.1°C, £5m TH 5, 2O AXBT BHHIEEE X, 1990-1992 D 31 KBk K
UVER 32 REGEAARI R L7 b 0 (RES, 1993) &H—Th 5.

R EGRICEED W T, BUHADT R TrfE 68 & 20 43, BRAE 35 B 00 53 2 Bl E /il
W, AT X BZEHEA <V —y g VEOBORTEEE Lz, ZOEAIZRY
=7 WOBIKAEFEIROFEHRICHY U, ERE# SR bIrWiba Th 5. 56 41 REGERAIH
b, §F9ED7 74 TR 2L EOAR Y0 7 7 A VT — % ZEUE L7 (F 1), SEHNIZ
FA—HET2ARDE Y —HTICL > TfT>7. ZOW, 3 A 21 HOBHEITIX, 2AKHD
U —ETEKZC | KHO X v —FE0H OGS, BEREIERERRHE L 727
D, BRCEEIZERY 2D, kB, 9 L 11 B iZBERAEOILILTER 80 km DO FEI#E 68

R 1 AXBT BHEE—E
T = FZIZ “OT” 2 L7z b Dk, RFRAR B 2B %2R
Table 1. Summary of the AXBT observations.
‘OT’ denote data from Otone-suiro.

Data No. Date Time (LT)* | Latitude (S) | Longitude (E)
1 MAR/21/2000 12:36 68°29.00 35°00.00"
2 APR/18/2000 13:19 68°17.00" 34°43.00"
3 APR/18/2000 13:28 68°16.70 34°47.90"
4 AUG/16/2000 12:37 68°27.80" 34°51.40°
5 AUG/16/2000 12:54 68°27.80" 34°56.90"
6 SEP/11/2000 11:42 68°27.60 34°56.96”
7 SEP/11/2000 11:50 68°26.14" 34°55.57
8 (OT) SEP/11/2000 13:10 68°14.11” 39°00.98"
9 (OT) SEP/11/2000 13:21 68°14.11" 39°00.98”
10 SEP/22/2000 11:08 68°26.74 34°59.14
11 SEP/22/2000 11:32 68°26.76" 34°58.67"
12 NOV/09/2000 14:54 68°27.06" 35°04.017
13 NOV/09/2000 15:21 68°27.06 35°04.01"
14 (OT) | NOV/09/2000 16:24 68°16.84" 39°03.41"
15 (OT) | NOV/09/2000 16:38 68°16.84" 39°03.41"
16 DEC/06/2000 11:03 68°27.25 35°04.15
17 DEC/06/2000 11:30 68°27.25 35°04.15
18 DEC/18/2000 10:41 68°27.66" 34°57.50"
19 DEC/18/2000 10:52 68°27.66" 34°57.50/
20 JAN/19/2001 11:07 68°27.70 35°04.10"
21 JAN/19/2001 11:19 68°27.70 35°04.10"

(% LT=UT+3hrs)
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Fig. 3. Locations of AXBT observation stations in the polynya. Circles indicate the locations of
the Riiser-Larsen polynya, triangles the Otone-polynya. The bathymetric chart was drawn
by referring to Moriwaki and Yoshida (2002).

FE 1S 43, B 39 & 00 AMHTIcEER S s R Y =7 GEfy, KFIIRKEE) @B v CRIBED
B %A 1 BTV, V=)L« I EEMR Y =7 QR & Hig L 7z,

K77 7 A VOIS ZR 3 1R, K1, K2 OfEE R & EE#EZRK (Mori-
waki and Yoshida, 2002 1I230<) L E2BOS LELE 5 &, RV =7 OFRYEE I K EN
DRFATITICALE L, KB 400-600m EHEE SN D, %58, AXBT OAEL ¥ —7 0 —
TNEDRM D T — Ik HERRRE L 460 m TH 2 72, BHHIHLEOKEES 460 m LA DY

FiE, ERENMERLUED 2R oY — 3 F KT 2R D 5, FFRT — & Lo
BEBHRICEN I HGEE e v —RHELE AL, TORS ETEE T -5
EL7.

3. fEREHE
3.1. R ZT7HOBEIRE
2ot S Lo R ) = 7 OBEE 2K 4 1ZHRT 5. 3T OMMZHEEENIC BV T,
Z DYFHEHBRKIE £ 72 3HOK CEDLONIREEL k> T3 2 L 2 HETHER L. B8
ARV 9 BOEEICZ, FRABNRTREREINTOIETHBE SN, ZDL57%
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4 ZERE SRR Lo ) = 7L (@) BEHERR S L7 aR ) =77 (2000 4F 11 A 9 H); () i
L DBETH BRI & Fi & 41, FHRICERE L T 28F (2000 49 A 11 H); (¢) BKE 2 &
FAEY KO (2000 ££9 H 22 H).

Fig. 4. Oblique aerial photographs of the polynya. (a) Appearance of open water and thin ice

covering the polynya (November 9, 2000), (b) new sea ice being produced and swept away
in the open polynya. The wind direction is from up (south) to down (north) (September 11,
2000), (c) frost smoke rising from the open water area (September 22, 2000).
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FHOKIFHRICERT T 2HIRIE, 1990 FFICARFIRAR CHIZ S W BHR (FES, 1993)
£[E U<, Langmuir circulation IZ X > CTHEL72bDEFZ 5N TS (Martin, 1981),
7z, BA/KMED & 3KEE (frost smoke) DILH LAETFHBLEIN, K =7HIBIT 2
W & R & DFIDOREWVIREZRZD T T, HREBBEPELCTRDE L 2RBLTWS,
NS DBERER» S, ZORY) =7 IFPPKEEL DD b, Al F 72 13K O E TPk
DR S NS T2 O BHAKIE £ 72 ZBOKIOIRRE 2 iR L7z WERAIRY) =7 ] 525
(Gordon and Comiso, 1988; Morales Maqueda et al., 2004),

32. KBETO7 7 AL

WKEEOFRENEHECHER SN 2 L3, WERENEKSE 2L Cws L%
EAF T2, dEERE ok A SRR I B 3 2 RIBOMTES OFEOE S, D%
DIREBOES £ 2 DEHELOEMIZOWT AXBT F—4 %2 b LIcihR 3, KiE7 0
77 ANOFIERK SR, 3 AL 4 HOKEE, REOWHPHETL, H—Licmsr iz
DORRICEE > T b, THIFKRKEH L HOKERIC & 2 8P ORER, SIBES G
FCELC7:OTHA 5. 8 HE 9 HOmEIIICIE, MIESEIIAE—1.9-—1.8C TiZ
EE— 72D, 250-300 m EICE THEL TV 5, 2 OYFHROXRERSTEDESH, #wEko
HHIE T H 5 34.0-34.3 (Fukase, 1961; Higano and Saruwatari, 1970; Iwanami and Tohju,
1987) Thot eRET 2 &, BEBRIFZIFFKEEIEL TS, 2o L iFHRIC X
BHREEDERL bHET S, ZDX5I1Z, RKY = THOEBHERETE OGS 13 EE KR
RHETKIBD Z NS EIERNTHLNITKE W EWEHSTH S (Ushio er al., 1999).
BT O 11 A& 12 Biid, BEBIRZAKR-1.7-—1.6C L2 0, BIEHOREL D 20H
BLTWS, BAEEOEIIIHN200m T, 9 HOREE LD %< 20, KEEEOTICH 5
EROERBADEMSEN TS, 11 HIZR 57z 10-20 m B OYEE O F-15 13 H S ORI
WE2bDTHAS., ZOLIREFORRII I HORETISKHEF LR > TWw5,

9 & 11 A, HEEE e L CRABOKEE T 77— 2B LIz, V—kL Tt
HEMHRY =7 (LUF, AEHITIERL L509) & KFMRKEE (F, OT) O/KiE#:E %
LI DO%K6IZRT. 9 HOMIESEORES X, RL, OT #2300 m IZZEL T3,
IKIEHEE D I D 2 BEADAKERIE RL OHBMEL, CC K@ TH 5, 11 BT, HizR L7z
£ 91 RL ORAEOES 134200 m ZHA L TWws 25, OTIZBWTIXIH LD RS
[EREEEZ D, F1400mi272>TWnb, %72, D 2% AT OT ORAEEEDAKIEH0.2-
03C EHRLTWwB Z s, HEEAKEHONFIRSE DI :AA (entrainment) 234E U
TeAERTH D LEIRTE % (Ushio er al., 1999), & 512, RL OEHHEIL OT O Zh X
D HIKEDER D, T T4 RBERY =70 X 5 ICHFE KEE 200-250 m) I2E 2 % THTE
ENFEL TS Z E (Ushio et al.,1999) L iZE > T-BEFETHL 2L bbhhoTk,
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Fig. 5. Example of water temperature profiles in the Riiser-Larsen polynya.
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Fig. 6. Comparison of temperature profiles between the Riiser-Larsen polynya (solid line: RL)
and Otone-polynya (broken line: OT). (a) September 11; (b) November 9.

D& mKEMEOHEDEN E LT, [REEPIKEEDES Y, EIENGE - 155
BT 2 WS ETFons, Lrl, HFLETH ECHET —Y TEA+HSTHY, &
Z OB OFERNP IS NS,

33. RY=ZTFOHRE

V=N TN S EEWORY =7 OfK E L TUTORREEL D 5, #HEHEG T
&, RV =7EHEOER 35 BHEIC) 2 xRV ABEEKGEDO —IHB = AR b
ZEHLTWRZERb2 2 (K1), 20 k5 ZEEKGESILTREHTES W RBIRIZE
WX o TR 2D, BIFEFERINTHS BIE, LA -, 1992), 2o k5%
S H7OKBOELED, HA»SERL TL 2kE2E X102 2 LK) =7 ERO—K
EFEzZ 5N TWw5 (Ishikawa ef al., 1996).

EHIZ, RN =7OREERIZ > A NVAY) vy PHEEORBH LIS 5, 22Tk
FEMIAIENC I S W RTDS, ZOAEILAICEL 28 Th 2 (Il - K&, 1997). -
T, V=TVt EEOWEIL, FEFEEREROTEEIC DOV IR EH L2 EEK
BOTHMANCALE L, ¥KOEFRIZEL CIIFEHT 2EAICH 5. 7 OFE, ksEE
IPECEET 2 EAIEIEO o, RK) =7 O - #ifir b o L LT 3,

BB, 7ANVAY y VRAOEEREORLICDOWTIE, ZO—E»Y) v ¥ R IED B
ZTCEBIHHANTRND Z LW, iKOBEIRZ MumsRENTH5 (A - i, 1992),
WD 3 RICH 2GRS % S0 1K OACER S ORI R BB T 5 2 L2, RV =7
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RO S 5% 2FRICHUMTHS .

4. H b
V—2 )b« ZVe EEHICER SN RY) =7 OKBEBFEREZR L., ZOKRY =
7 TCIEBEER R EE S N, WIBEGEPATICEE 2HEA R, K =7 D
KR E LT, RREEENEDIARLCHEEIIZICKTE L 723K DI, HKDOERD 553
EFons. EERY =7 HOKEMSEDOFEH LR Z e 7 — 2 1IRIED v, S8,
ERN LRI FB I 57012, BET — 2R LRI 5 USRI O B X -
TR = 7HOFRT -y ERE2E LB RTH S,

5t iz
BRIZEHNC 3B 1) 2 2B 2 21T 5124 D, 5 41 XEFEHSE R B B 10 % Ko
X W W, FEEGROF B L T, BN s v o v —
ORI 2E. 1, BEREBELOBIRZ IR N2 Wie, 22 Wi L TR 5.
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