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On the Oceanographic Structure and the Ice Formation on the

Continental Shelf in the Eastern Bering Sea

Kiyotaka OHOTANT

Abstract

Oceanographic investigations were carried out on the continental shelf of the
eastern Bering sea by the Oshoro-Maru of the Faculty of Fisheries, Hokkaido
University, in the summer of the years 1963-1966. The oceanographic conditions
were explained according to the distributions of temperature, salinity and density
of the water. There is a discontinuous zone between the oceanic water and the
shelf water due to the physical and chemical properties of the water column along
the edge of the shelf.

In summer, although the surface temperature of water rises to 6-8°C in the
southern region or to 10-12°C in the northern region, yet cold water {~1.7~2°C})
remains under the surface layer. The isohaline are nearly parallel to the isobaths,
and decrease constantly toward the coast. A large picnocline which is accompani-
ed by a large halocline and thermocline, appears between the surface layer and
lower one at the depth of 20-30 meters in the northern part of lat. 60°N. There-
fore the heat transfer from the surface layer to the lower one is obstructed in
summer.

The vertical circulation of water which is caused by cooling, makes a homo-
geneous water in the convective layer in winter. Although the depth of the
convective layer is extended to the sea bottom in the southern region, yet is
limited in the surface layer upon the halocline in the northern region. The
freezing index is accordingly large (20 kg-cal/cm?<) in the sourthern region and
small (5-20 kg-cal/em?) in the northern region, and increases sharply to the offing
at the edge of the shelf.

In the region off the shelf, since the amount of heat given off by the water
column in winter is estimated about 20-24 kg-cal/cm? on the basis of the tempe-
rature of the dichothermal layer, the sea ice may be formed in the northern region
or the shallow area only, and the ice cover in an other area may be drifted by wind
and current.

The depth of the convective layer is deepened with the increase in salinity of
the upper layer for ice formation. Along the edge of the shelf or in the Anaduir-
skii gulf, more saline and warmer oceanic water intrudes beneath this low salinity
and cold convective layer.
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(Laboratory of Oceanography and Meteorology, Faculty of Fisheries, Hokkaido University)
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Fig. 1. Station positions used in figures 2-7.
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Fig. 4. Horizontal distribution of temperature at the Fig. 5. Horizontal distribution of salinity at the depth
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Fig. 6. Horizontal distribution of temperature at the
bottom (on the shelf) and in the dichothermal layer (in deep

region).

Salinity (%.)
at the bottom &
the dichothermal layer

Fig. 7. Horizontal distrubution of salinity at the
bottom (on the shelf) and in the dichothermal layer (in
deep region).
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RIS IIED TR, #C Anaduirskii B8R T 24.7% UTOEHESKEBEON S C E3EHT
NETH B, ChEDHREMITR SN 28I Fig. 4~7 RINB L3 TBI T TREATLIL,
KEDORMIIREICHB T D EREL BT, MBIRMI D - T B BEBLAKEDD 2 & 257
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ZORERIC X 3L, Bering #HE CORMMIZILIUZILET, HEEHTOHK 1/3 OHFE% LD 5 Fairway
Rock FEHIZIZ 10~20m ECEHE KB L HADERLG D H, LR T 2BEEBEBO LB Tt
i3 80~95cm/sec Th - T, TR TIX 30~55cm/sec DIMOFENHVEMIN T3, U LERT
RO S ZBBRBENINTEEACHEIRKCI - TEDON, Wb 20~70cm/sec TEEH
BERIC, TRBERADD > THERZBU T3, COFENEZ2ILIEENSHRIZITZEALERTHR
FHEIE 1.4x10%m%/sec EFHBEIN T3 (Coachman & Aagaad 1966), Zh & D WEIDAKIRICE S
N3 OBENIIEKOHBIC KR LZEAND I IIDTH S H, LbDKOMIIE Fig. 3,5,7 DR
SOFITRANS X 5D T BHE s REFEHSH - T Fig. 3 Tk 31% O, Fig. 57 Tk 32%
DOEENMR L > TEORRMBT LN TE B,

2) ¥ h

Bl LOFNIRE L UTEIRIZE 2 5D TH 5 50, BOEBHOFEENRED b 5, Fig 8 it hi%
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SELTT, Bristol # Bi[ih> 5 Wi LIHIZEHEBITE - THEA» SHBNOD 5 C L5385 pdib
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HEWE OB R Fig. 9 iIGRUIZ,
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Fig. 10. Vertical sections of temperature, salinity and o, along the line of S. I.
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Fig. 12 @ Section 3 TizsHEAE CITHET BREHIAKDIIRIZ Section 2 KFRL T 5, L
LEB EBOBOESMERIINRO 2MECR N3 DI b KREL LT 5, St 61 L HE
R TIIRBOEMTERIC { 6 N THEBITEL KA LENMBBIERIN TN 5, CORISES
BEBO T —0.5°C LTOER KD 353, KEBBRESBEBO THICIZEATN IV, LN
5 DEBIC S L TEIAD 30m MIEOBEESH: EHICKE L - T 5, Sk E OFFHE
Tt Section 1 & [FHRIT dome ROBELSMMBR SN S,

Anaduirskii # iICfZES 2 Fig. 13 O Section 4 TizFMEEA & ORI 2AR - WA OTER
HNELN 3, ARKOERBES : REKEOHEICEITD 3 HAEMICIE Section 2,3 KRLNZHD
EREIR, Ub U EOKE - ESOMHOREMEONE & HRZ - T, EYMMIBES
B XA 2ENH 2 HUAEERICIIEEE 2 - TV 3, KEEER EROESEBIC—HL T 555
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Fig. 11. Vertical sections of temperature, salinity and o, along the line of S. 2.
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Fig. 13. Vertical sections of temperature, salinity and o, along the line of S. 4.
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Fig. 15. T-S diagram for the stations shown in Fig. 9.
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Fig. 17 12 T 5 OKIEOKE & $H3 OFES M 2R U 12,
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Fig. 16, Typical temperature and salinity structures in A.S. and B.S.W. regions.
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Fig. 17. Typical temperature and salinity structures in C.A. and C.W. regions.
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100L

Fig. 18. Typical temperature and salinity structures in A.G. and N.S. regions.
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Fig. 19. Typical temperature and salinity structures in I.F.A. region.
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Fig. 20. Schematic salinity structure in the JB & DHISZE AS, HEERD b1 5,
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Fig. 21. Difference in salinity between mixed Emﬁb)ﬂ:;&%ﬁ ¢ EHEED 8.
surface layer and lower one (4Sm). WD CW. ki G.A. KIS b OF
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Fig. 22. Isosteric curves of t,-4Sm diagram.

Convegtive Layer
Surface Temperature

e reach to bottom

e > 30 meters
3Qe >15
1520

Fig. 23. Depth of convective layer and surface temperature at the point reaching the
critical depth of vertical circulation in winter.
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Freezing Index

cal./¢n)

Fig. 24. Freezing indexes for the stations on the shelf and amount of heat given off by
the water column in the deep region in winter.

Licd, COKEI Fig 220 ta & LT, FBKBEORBEKDO BELELEBERRTIDRLE
12, BEAKOESOEMNS %D 5 121C ASy ERADATRO 6N 5, ZORE%R Fig 23 wik*
Lo TRUT. BRRO L Sit, BEEMKESIN AR TIREBHECKEZRLTO 50, 3k
RBOBCESIGEKEREL 25T 5, BEICE > TRAPIC HHAN 2 BEE LT EBAERE,
LFA. AigCldb 2 D@L ek x oMb, BKREHET 2 LRFIETHS 5,

6) RKABBOHE

Bering ¥EM¥EKIZ L DABEME Siberia IREEEL KRN 5, EEMO LT 11 A Anaduirskii
# & Norton Sound TRIKMEET H, LIz DHMAEZEEICINS T, 2~3 BItEREZ 5T
¥ Navarin W& Pribirof ZE 2 SAIEICET 5 (Dunbar 1967) Z:ambh T3, UM LEE
SKEHRIIERIL 2 OMECRAK LI b DT, ke UTAMBEL2INI TH280TH5 5,

Zubov (1945) i3EENC X - TRHEIRAM TN BBRT, YEKOERS LIKELE 2 BEEROBE S
PEEBEOBRAOES L 4A45Y, COBKKICHE SN 2 BAEHEY ) ORE Y HRERLEFA
T, WADOTILTIRHDT H ERE UTAV TN 3, BEEEK Q REEERO RAOES %
Dy :¥5E
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D,
Q=pGSI (t—t;)dD
[4]

THEDIND, LTTpidEE il SRAEOEEM « AR ¢ JHKORKEE
Th 5,

Bl EOBRIT OV T, fEO DT pcS=1, =-17°C 2 LT Q O#HHEZL T Fig. 24T 7%
Ulze SRAETEEKE SIZMRDERIC OV TREE 2 B % Db DTV, LEER TN ¢,
FEICRI 2 h, AEREET ZERTRABICEALTOT, WRKEOMBORE & { —5L
T 2o AHKICR 5N 3 HRASBHGIC R OBE2ETELII DET S E, 40~45 kg-cal/
oo’ OREDRIPIIHIN S L 21225 Lo > LAEBIOKBNMIZEE A CBECERTSH b,
BEMIKD & 5 2 RS Y EE L 20 DT, ARG & AR & 2 BREA I EBAOH R
RELBOTOBEERL OGN B, UlidioT, HABKRSAHORBARIGTMERRL T3 &
T, WIECREIC BN S h 5 BEi2 20~ 24 kgcal/em® EHBEIN 3, T OEH BHEIC C D
BETRRCEDON 3HBELRET 5 b D& ThT, Fig. 24 OFREIEE 20 ¥ 7213 25 kg-cal/cm? L1
Lok ERIN TV Lt B,

=7, WHABBOK L LIEEE TCRAANFICE T R BEREL R, RELSEEIIL I
Liedio- T B X 2 RHERA BB EICRON, HEEEIC KA TERRELT N EEL
5n3DT, S b 20kg-cal/em?® LT OWER CRIMHREOR AFEIEKEECETL, 2h
ThOBREREUEU T, BKOERBRINETHS 5,

TRAETREDS 20kg-cal/cm? LUTF YK Fig. 4 RN 3 WA & REAIRIHS LT 3. %
KDERIN B LRKRICE T THK T ORBAROEABE IZBINT 3, ZhiIoNTHERAREI
ZOES ZWL, Fig. 19 ® St. 61 RIN 3 & 3 SEKREIGECES L ADERBI EHahs o
Lies B,

Fig. 18 @ St. 105 DFBDWT, HAEE % C 2 THIREHFT 2 bN 3 L DI LB kR
KDDL, REOEI d=10m, 5 $1—31.63%, HEHBBOES ad=10m, TROES Sa=
32.12% TH 225, WABBOTEHE THWIC X - TRA, WELINILET 2L, RBEOES Sy
3 Fig. 21 55 31.76% &RDEN 3, L ORBALBUHKOERIC X > TTROEAMCEL Wl
hrztd5e, BURBOKECOWTKE LTHHIN 3KEOES 1id, @kbPesAIh T
% Brine B®2¥KIZH LT 5% & LT,

1= 52"5n 1+a)d=25
=—S:5~( +a)d=25cm

ERDENS, CHIBKDOEIRUTH Bem T, & OBFEKRD 12D ICHI S 1 533 2.0kg-cal/
cn? TH 5o St. 105 DWAEIRRIS 14.2kg-cal/em® Th b5 C OWERMA T BB K3 h
SRBELUTHABAON S, LI2hi- THSERO T ORI DERE KR I U TR
EHELY, EFINILOTHS 9, BESLZEBOKE OXHEES % FIGICEA 5 &, 170cm O
S OABEDRR L LT 2 59, CORICKIHa N 2BE3 1dkg-cal/em? = 753, L LT
DRI KBS OWRE & KR L ORRBEEA B LBRTH Y, KEEECHD - TERELTATE
DEFBIEBA SN UIihi > TEBARBESKOBA, BECE - TAELE O EEDN S,
Anaduirskii #HROD X 51T 24.7% DT OEHES KD 558, HEAOBELRILES CRED» b
KEBLEILE, U UABICIZERIC X » THELINT, REIZ 24.7% ALt 3 LRbh s,
BEDREORIVCOER TR, BELINZE 1B ACRECRO N, SRS (BB
BOCREKBEE 251255, COTLLREANBLIRR LN BECESII Sh 3,
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Table 1. Features of temperature and salinity

Vertical distribution of tempera.fure
Water Region Layer
system in summer in winter
Upper 0-20m, isothermal; 8°C deepen, 2~-3°C,
A S, Thermocline | 20-50m. —0.2°C/m. vanish,
Lower isothermal; 4°C 3~4°C
Oceanic
water 0-20m, 7-8°C.
B ;Iiper " 20-30 or 50m, Surface-bottom,
S.W. I ermOcine | 9.1 or —0.3°C/m, isothermal; 1~2°C
ower 3-2°C,
U 0-20 or 80m, 7°C
A Tlfper " 20 or 10-30m, Surface-bottom,
C.A. L GrmOCHne | 0.6 or —0.3°C/m., isothermal; 0~2°C
ower isothermal; 0.3°C
0-10 5 6-~.3 4°
C.W, Surface . m. > or or 4°C isothermal; —1.7~0°C
Bottom isothermal; 3~4°C
Shelf Upper 0-20m. 8~.9°C . .
IF A . o Freezing point.
water | 1.3 8. | Thermocline | 20-830m. —0.7 or —0.9°C/m. . .
(deep . o vanish after freezing,
. Lower isothermal; —1.7~0°C K .
region) Near freezing point,
Bottom >60 or 80m, —0.5~ 0.5°C
Upper 0-10m, 5 or 7°C Freezing point,
(sh:égzvn) Thermocline | 10-20m, —0.5°C/m vanish after freezing.
Lower isothermal; 0.5~1.5°C Near freezing point.
Surf. 0-10 or 20m, 9~11°C Freez .
N.S. Buttace thermoclien; —1 or —0.6°C/m, Nreezlfng p‘omt, int
ottom . . 1080 ear freezing point,
Land isothermal; 1~8°C
water Surf. 0-15m. 10~12°C Freezing point,
A G, Ll:) ace thermocline; >—1°C/m. inversion.
wer near isothermal; 1~2°C 0~-1°C

NE & H# RN

B EOKIR TS CAKEBEORESHICHIBEITEEOH 284 60, ZOSMOEI L T
BHEBOMKREDOR JEIL, WKOERINABHERBREING, LFEBREKOERB L F
D43F I EOKE - HADOHHWRIC K 2 B2 H5 2 T 5,

FAIRIC DN T, KB - HYOSHORKB EHER L 3R HORBE T LD, Chicsisd 3%k
BA L EKDRIRIC DWW T Table 1. R ULIZ, KFRE UT, KECKEICTECHEDD 355K
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K%

structures and sea ice in each region.

Bering #g#ORATAK

Vertical distribution of salinity Convection )
Layer ; : in winter Sea ice
in summer in winter
U 0-20m, 32.0 or 32.6%, -
er
PP ) 20 or 30-100m. >0.5%, deepen & isohaline, reach to .
Halocline . bottom on Nil
Lower 0.01%,/m. vanish on shelf. helf
Isohaline; 33.0~.33.2%, shell,
U 0-20m, 32.6 or 32.9%, h
pper. 20-30m. <<0.2%, . reach to Nil or
Halocline Isohaline. bottom on ey s
Lower <0.02%p/m. helf drift ice
Isohaline; 32.7~33.2%, shelt.
Isohaline; 31.0~32.5%,
or Isohali reach to drift
20-30m. halocline; sohaline. bottom, THL e
<0.2%
Isohaline or 0-20m, bt drift §
halocline; <0.4%, Isohaline, r‘:"it ° 5 ¢ ‘°‘z
<31.6% ottom. T0S
Upper 0-10 or 20m, <<31.8%, ) ) ) after frost,
10-20 or 20-30m increase with freezing,
Halocline : . ) reach to frost
>0.4%, & halocline vanish
Lower X lower layer.
Bott Isohaline; 31.8~32.2%,
ottom 50-70m. halocline; 0.02%,/m. increase with depth, 32.9%
0-10 or 20m, <31.6Y%, 4 fter frost atter frost,
Upper 10 or 20-30m. >0.03%,/m. ;:I,’ enhar er 1rosh reach to
Halocline | 30-50 or 70m, <<0.03%,/m, . isonafine or bottom, or frost
. . increased by
Lower isohaline; 31.5~-31.6%, dvection & mixi bottom of
i mixin .
or increase 32.3%, advection g 1st halocline,
5 halocline; 0 or 10-20 or 30m, fter frost after frost,
Burtiace >0.1%,/m, ¥ e;alr‘os i reach to frost
ottom isohaline; <32%, 1sohiatine. bottom,
halocline; 0-10 or 20m, <32%,| . .
Surface increased by mixing,
Lo >0.1%/m. stead surface layer. | frost
wer isohaline; 33.0%, ¥

F LR ROTAEOEENRIET KR & K AE U, KBS KR 3T HILE - T
ENFNEKBOREICGENARC L e F LDz, KB - HYOREIHICRBEED D 5 HEK,
LB BE - TRROEED 2VREBLEB LMY, 2REFh LBORES, RE 0 EFOK
B BRBOEI LRI 50ROE, TEORBZCONTRLTS 3, HERLZ4H0O
SARERI, SRBAVEEICET 3 KETREBORBERL, WKOERIN HKBC VTR
FEKEDORIBIC OV TRU T, WK DV TRIBKOEEL, ke ZOHTRAVROLIHEL
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KON TRLTH %,
FERRFDBEABEICNT, BRI & /A 22 L O BRETIRKE LA bh

TR30THS 5%, E£& VUEBCHEEMKILBL, RETRIBESASEREL, chb—Fo

ABBHHOBERRIC & > THELINZREBESKI BTN 3 EEL 5N 3,

o1 g #

FERKEFRHEMS UL BHic & 3 1963 4Eh> 5 1966 £ 3 TOEHOHEREREENC § 25T,
Bering MERFOBEMIKIC DV T - SN 21T2 o 170 ZORBERZENT 3 &,

1) HEHREKOREARIR 6~8°C KRR L, BAORHED X3 72 LHERTIE 12°C E
T2 U UPEEIRERIMEE TS T, St Lawrence BEHIC I3 REKEET 5L A DY TE
WIsKWEERIET 2,

2) AWM ED b IREHCH > T—RRICH U, Anaduirskii ¥ & Bering ¥ 2B T, 131240
BC IR - TEEMBRI DN 5. 60°N DUFOWETIE 2g & 8 & DD IV, 60°N LA
HOWEE T 20~30m BT K3 THSEBS S - T, ZDEREL KRR,

3) BEM/KId Pribilof BEUARITIGE { OWEID 5 FA U T BE IS4 72 Alaskan Stream Fok
EBEL, DETIE Bering WML L TNT, Chb & ORICEELKE L HAHD TR 2 7
RLUTw 3,

4)  Anaduirskii #® 20 m BARIZIE Bering MEAEEAKDEERA L, ERBOFIRINTEEIAKE
DRIHBY TR 3 2HEMEBRHRL T 5,

5) ABOHERRIZ 60°N UBHR TR EREH & WELE ULBYE L 2 525, 60°N Pt
TRRESESERODER FHICREIN S, LIdio T, FEKIREUS 60°N PAEE & SR T
i 25kg-cal/em?® DL E & KX p8, 60°N DIdbcid/ha &, Anaduirskii ¥ T2 10 kg-cal/cm® LLFC
D 5o LB DWW THDN 2R S NEADOTRREAED b BHT 5 & 23 kg-cal/cm?® f2EETHh
BOT, FAKMHIZ 60°N LUk & IRAEFIC RO 5,

6) ROKHERTIEOKE REBOEASRMICE L THREREORAES 2L, EpikeER
EHT 3. Lo OEATAREBCERA - OEOK S ISR & - T SREBMRELINT b h
5120, ZOHER LD IS L BERET 5,

7 B EDI A C DUWHEICAR T SEKIEDI, BkCEKORH LIRS T, REEE
DKEB15L, TROKE OBICENRR»HRT 3,

8) BEMIKDKIR - MAGOSHIR, LB 51T BEHORE: BoKHioREKR ORI X - T
IR BES Y b hTwv 3,

X [
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