HOKKAIDO UNIVERSITY

Title FR—Y U BEFEBICEITBBKOERICOVWTD—ER
Author (s) MAH, F£7); TABATA, Tadashi
Citation EERIE, YR, 19, 175-186
Issue Date 1960-12-10
Doc URL https://hdl. handle.net/2115/17975
Type departmental bulletin paper
File Information 19 p175-186. pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




Tadashi TABATA 1960 On the Formation and Growth of Sea Ice in the Southern Part of the
Okhotsk Sea. Low Temperature Science, Ser. A, 19. (With English résumé p. 185)

F ok~ 7 YERRIRIC B S UKD I D T O—H 4

Hom & H
(RPN o RS )

(BTN 35 4 6 A

o L £ 2 p %

ERER S OB TEAOS VI ICRED S TIRY OWS & TRIELEANHA L~
KBMTEBC ENELHENT NS, ,

CORBZ, B bR hT TEERAMSRT L RHSNTHENRL, dHicE 28]
APBCHEBCEICEIDTERINS SDEFEZONTV S, i, WANTEBHHTE,
HMICBERTICIBRAETI»OTHL, koLt IN2EDOLDICKOTOWHKDHE
Gy LB OTHEMSETCENMMICEZRALREL, HABMOTRRTT TS,
cn%@&mm,%Emzwﬁ%m¢of%ﬁm®ﬁ%w$zéb,%mm%@ﬁﬁ%&&u
FRIC & BHE, FRREBICEOTLEANEBC B, BHLLOEREBAICD VTR,
Jacobs® OBf%Ic L B &, BlAIE TBIBO LFHEMETE KE 9~11A) 0#REEZ 02
g/cm’/day BUTT, BeKiZ 022cm/em?/day BITTH 2, LD TAE~ Y 7H#HTRIICK
RRLBEKIZEZOELNEABLTHERMICRELVTH A S, B X 2HELH 100 m
BEOBEICETET5ERBAGNTNL, LRI IREOEEREDLDTEZNDT,
k=Y 7HTERMA LI TH C 2 HERA I REET & Wk ERIiCRRNT 2% K 8%n
Lk BbDEBRTCENTES,

HEEAICE DT TE RN, BICE2 EREBAL BH e o, BEOBES
M B TN E R U TR AL EBNE X102, HHkid ELSELDTHTEH
ShHr kD ONTRELHEZZNEDKDEL TTHAT 2 HONEL, HICIROLITH
HICE D THERAROERPBEOBEZSNBETEOTEb084 5,

AR~V IHTRCOEINCLTTELIAANETHREAEZOEMITHIDTHE
LT3 C ENMEDENTEDD, FRAICRIEEASRBICHKREONGCEbRSN
TNED, BEVRB AR~V 7HICIFEHLTBLZ 4 mOBES ICHREDEEMNS 5 HIC,
WK EROMBEES AU m OBROEDOEE L BIZABICEZ DL EAEHL, &
DREER, EHRTROLEAD > RAAOBBFER KEMMBEEANTA Kk~ 7H#O
SOKHH & BAKBED A ERD I, 2 OTFIC BV TEE ZKBIBINICE C 2 MEAIC

* oA ERBIETIITER 516 B
ERRE YRR B9 MRS



176 2 I | I S|

FEH U7, $ABRELE2RDOLEDMARDOHERAIC DL TRSINTLEL,
HEIA K~ Y T WORIKETH L UHIKBAIRE O LR & O 638852 LOKERM AU 2
ST PEE R %, 3y6os, Defant® #3328 | Lee & Simpson &% Brown” M od &
IR UFEERNTEHRUZZ, 0L 2hoA B 3 EKKEROHEE b Ak,

Il AHCKXDEWMES
 HITREOBDOEICEERESREEICEL, TOBKEICAL LA, T OREAMEL
BODOBBIEE, DINBADE, HEESSRAAHN SN2 RERWERS 1T EBRELD b
BNEELEZ L, X, BEHRESECEZHAOHBET N DET B,
BEOELVWESRES DV DOBIAEILTHEL, £2OFOPTIRRE &,
Lo THEb—HTHEET 5, BN OHATEBEENTN by by oo &L, HE
WMoy, BMEEFNEN, £, S, 0 by S, 0, oo LB, B DBAICE <00,
THLN, BICREBDEDLNL OPOBOBRERTILOE LWEALH 5, kDK R
24.7% L EDBANZ OO TRENT 5 L BWEMSET EE2TH—RMEE 2D,
h EDWIE 0, B A SO EETH LT oIS L2 b & h OBOKE BAT S
O, DEIMASIKIR L, IR AL, 123 Fofeedbitsc D, HAS, BELLENET S &, 20®Jm
RELTTEAB A, ORBEEEIRENFN

b= tdh Ay, (1)
S—z:%—tlsizsﬁ (2)

LD, CORKIC Iy JE S deb it BE 4Q, 2 13 MR 5 7= O
AQt,Z = ¢0, h 41,, (3)
THbH, L RBEADKITH B,

EEICIIBE D S OEREBAKICEOTHESMENT 2H, Ak~ 7iEhRBICE T 3
ﬁ%g&%mgﬁﬂﬁ@bnfwmw®f,%cm«t&vm,%%ﬁ&%ﬁ%@@&bw&
HILTENDIC K B OEALE BRT 2,

& by OFSRA LTTE e KRB, OKIEA by, 121 F DT B{=0,)=0, E155 & h, &
hy RALTXOE S 1AM, HMA2ETHKHMNTE 2

z3 — tl+l§+t3 — Alx"'_SZAtIZ :t':';_Alall,

§f:m+%+&:€ﬁ

TOEICLT, KRETIKEDTKLZICTHEOKEDRENEL 24, EEIDL b, D
JEETOKRBDOPELKIR M ZDKBEDEFIHT 2EKRELITT2TS b HOEBE 0, 10F#



F =Y o HFE R 251 B HF K D ERIC DN T D —E K . 177

LIBNT ERH L, COBAGRBBERTOARLZESEIM-1DAEnhOB O EOWSE
T LT bR, .
C®&éi%A%mmiTCT%5&éE@&éf HEOHEBEHODLLTN D,
REBnEETHROLNE DI b BETOREO FHRESFEIREE L, I TTD
1OAT, BIHESBLZ B ENIETH B, WHEELE é}fﬁ%n%ﬂ '

by = li—dlon=1; C(4)

7 +Asn/z = Sﬁ+AS7l/L ( 5 )

ERSIBENENRSIR, GIES ST IHKEEEZHOL LTS, TOHAICIE
TG Bicwickbh 58 1E
4Q, , = c+P,-nh:dl,, (6)
Th 3, -
GYRThHob a2 HSOMMIHKDERICX ZHEFORBICE>THFRbN G, $F
ShmOBOREICE S ITem, 5 S, BWE 0 OHKPTERLETE, CHRTDEID
WK DS S, B S wem OHER»P S TEHET B E

w=171-—"
p’ll)

Thb, 727700, KO EETH S, BEXIwdDHAKbDEOERIT w-S,x10"%gram T&
5, KOERICERT 35S b OOHEADES BN ‘

Sw— Si
h—

TH B, Po=1025 & L, 3y608Y IC L7 DT 0,=0926 292 & w=0907 &5 %, S.=33%
L9 5, SiRMWARDES KROLBEHELCESH LI DT LML, RHEOMELLY 4

~ Y 7ML HEE R E D K D 3~69% & 3y608® ¢ & B ILKEED HIK DS 4~6%, % 5
BLTAK—y Z7HRHOMKICH LT Si=4% ERET S, Ficwid At 5RTHENT
EERBECANS E(MABKRDOLIICE B,

Asi::261-£} ©(8)
Ed e
1= ——zé‘_l 45, (9)

Lo T, BO)ROALE2HTH O bINZESEMDIMICiE
h
I?z = Z%Tdsnh cm (10)

DFE X @fﬁ?k/)if‘ shiddnc &bz, E5 4% OHEKOMMOE#IE 70cal/g TH %0



178 oo W omoR A

5, LemDEXOUEKABTEZ DGO LRE DTS2
40Q;,,, = 70x0.926 InXlO *kg-cal. (11)

OJ’W - Eo ! ;umfmmm bmn
Dl ORISR K AIICATIE D T <‘: WKE>T, WKBEVWEICE TRBEASBCEDNS
7‘:sbacaz\?fcf;zﬁﬁlﬁﬂ‘aﬁﬁkwﬁéﬂafnBccﬂﬁmﬁz?ﬁ@%z&%ccﬁma TEBTES,

111. I'r\ ‘Jﬁlﬁwlm@i:ﬁ“&,ﬁﬁwiﬁﬁ

S BINIC, 1941 429 ) L /ANC B A A & — ¥ 2 BRI CAT IS D 7o HEh BB OO G B
BT HBEOOIRARHE LY +h—v 7 BOREICE Y 2 HEERI C ORI
RE¥ o007, ﬁvﬂbéﬁéﬁu’é’?fd'\tﬁ&:%%ém’c B b & d»b"(@m%‘c(EA

WEEEE L,

Table 1. Calculation of ice potential and growth of ice at Station 7
(51°N, 151°E, | Sept. 1941, Soyd-maru).

Observed Data Mean values
Depth Temp. Salinity Layer Depth
(m) e (%) (No, (m) r s o
0 11.40 32.30 1 "0~ 10 11.32 32.30 24.64
10 11.23 32.30 2 10—~ 20 10.73 32.30 24.74
25 - 65T 32.30 3 20~ 30 6.83 32.30 25.34
50 0.15 32.65 4 30- 40 2.35 32.40 25.88
100 —1.11 33.01 5 40~ 50 0.65 32.56 26.12
) 150 —~0.10 33.30 6 50— 60 —0.10 32.70 26.27
200 0.61 33.37 7 60~ 70 —0.45 32.78 26.36
300 0.79 33.50 8 70— 80 —-0.73 32.84 26.42
400 1.03 33.66 9 80--100 ©—1.00 32.94 26.50
500 1.49 33.75 j
600 1.93 : 33.93
800 2.29 34.34
1000 2.37 34.22
Before mixing | After mixing
Layer Depth Temp. Sal. B Temp. Sal. 4t 48 I | XQ X0 X0
No.) (m) | &°C) (Sz%) ‘ (°C)  (5%) CC) (%)  (cm) (Kg-+cal/cm?
-2 20 11.03  32.30 2474 10.73 32,30 | —0.30 0 0 0.58 0 0.58
1-3 30 9.63  32.30 25,34 6.83 3230 | —2.80 0 0 8.09 0 8.09
1-4 40 781 32.32 25.88 1.65 32,32 | —6.16 ) 0’ 0 23.7 0 237
1-5 50 6.38  32.37 26,12 | —1.76 32,45 | —8.14 +0.08 153 39.2 0.99 40.2
1-6 60 530 32.43 2627 | —1.76 32,63 | —7.06 +0.20 46.0 40.7 298 437
1-7 70 448 32.48 26,36 | —1.76 32,74 | —6.24 +0.26 69.7 42.0 4.52 46,5
1-8 80 3.83 32.52 26,42 | —1.76 32,52 | —5.59 +0.31 95.0 43.1 6.15 49.3
1-9 100 2.86 3257 2650 | —1.76 32,57 | —4.62 +4-0.35 121 44.5 7.85. 52.4
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Fig. 1. Observed and forecasted vertical distribution of
temperature and salinity at St. 7 (51°N, 151°E)
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Fig. 2. Observed and forecasted vertical distribution of temperature
and salinity at St. 15. (48°53’ N, 147°43" E)

b, BB 95cm ORMERENIM, 205 50O NE 3/4 FRIESITcOHSICGE TR
Pl RMEEDEBIEV, A R—Y 7HTRIABOFEHHO I DICHASH I ERREIIK S -
LIEONBIEPHDOSNTHBY, FROHKBELAKEDOEBOWEFUFRICX 2 &
HEODLTDH 5,
HE B IC >0 THELERERLEOMFig 2 THd, CTTHEHEICEIDTRDE

BRI AR I ROK B 0 & L O BiE (48°46.6' N, 148°27.6'E) L R —BL Tk Y, i
RUKTHEERANTATOHBERSE @Fkhz%&mmb 53 STH B, Fig 2 TREK
BicBC 2RAEDBESRWAOM THEAKBOEHLDICRENM60~T0miz#ET 5T & Mhh

3, BHEOMPSKEE 100~110 cm &?’ﬁiﬁéﬂéo



182 H

&
&
Zi

9 B bAICHEEBRROTEbN
- B EIC OO TERD L BKATIC B
CAREDRSOHMEER LD
Fig.3 T 5, Hlb, ZoOWIIH
KOBERITIZAOmMBTTH 5
AFBEABW TR AR CHLTY
2, 72 L& 3GI°N, 154°E) ¢
KWE OB I NEICELBO2TIN D
DRBMICELLECATH S,

Fig. 31TR L B& i, @y

I NITv WA Y S

IR & 51T, WEOHEEIC S - =2
DTNTHRKROFERICH DT C TN =
. HOKKAIDO - &
CNOCOREOFHICHEND 2ES R B N N N N N Lo N T B B LR T
IR DREIE R LT B, W Fig. 3. Depth of mixing before sea ice
=202, BRICEED R L LS formation in meter.
12, AR =Y 7R ORIFROINCHE O RS 3 72 WICKERNTIZ T D B 4

bbb oTHAEBCE2DTH A, :
Fig. 3 IcR LI BES L TRADVBC B0 kbR SnaEs RO Fig.
4TH5, RERBORSOHM &L
CHARERLTED, BicEELe
ME3IEZDEFIE % D13 33~51
kg-cal/cm® T# 3,

AR L E A& Fig.31tRL
RABOBEIRIXBIIEAT AT

LT TIClN e, B L, FEAOK
BERibho>TBRIESEOR S %
ML EMTED, HiT, BEEOD
WEDBDONIEKELERKD 5 L8
Tx 3, FINDBEATLRAMN
EE LTV BB R oKD R E 4 w8

T Ly L LTRODNEGABEOKRD B LENT
Fig. 4. Total heat loss required for first sea &b, LOLARITOHRTE, K

ice formation in Kg-calfcm?

JEAT DD TR E TR & &k~
Y7 MOEBICONTRDIMEDIE PRI HIEDE ON A EDEIE I BAON TN BICT &1
W, Ei, BRKBIEDhORAEORSARVEL IO LAKEERZOBEBRR S LA



Ak — 7 @RI 010 B HKOERE DV TO—BE 183

AT NOTEMCHICONE 2 e DN TOLKELHETE L ICT XL hDT,

IV. #Ek@BOFRANOEA

BT TIEROMERETICBC 2 REDRS LT NICET LS RARZRD .,

MAIHBLro>TENT, HHEOEBICD bV EEBNOTELNLEPOEELT
WOEHEH»ODLIEHLHORARMHLI S, FIEDENOLINEEKWAETHRT L&
MWT X3, ﬁ%mc&c1¢—y7&¢i%czwéﬁﬂmacomfﬁ%mcmﬁ®&§m

FEERBYIC R D E RSN TN ED
HTHbD, TORRERATBE,
A7 CEBEKMRAGI2 420 A
Thd, BEBUNOTEHLNIOR
9ALRATH AL ZOHMbD1
A&7 b OREE4Q,=39.1+111=
0.352 kg-cal/em® Tk 5, HHAHIC
DNTR W o 4Q, O 5% Fig. 5
2R LT,

K5, CoEtid 9~12 A
OHVETHEHLTLIHESHRLY
03~04kg-cal 0#E DB EHN BT &
Bh» s, O Jacobs® K

T T 1

. | { { L 1

7o ALK D 45°~60° N 2T 9 Fig. 5. Daily heat loss in autumn and early
Ar5 1l AOdNIEDEE O ik # . winter in Kg-calfcm?/day.

& 0.2kg-cal/cm?/day & HiET 5 & 00% 0, AUy YHBIZDLT Defant® pisk v 72 &5 i3
4Q,=0.14kg-cal T Fig. 5 KR L BEORSLTTH 3,

Fig 5 #4 %%, =t v 7BIEWOHE TR 4Q MBEFICK & EARLTH Y, Defant
pJacobs DR W EICHIE LTARETEFL LI EBEDN D, SOLBERICHIGRIC L D>TT
bl RBHIcE 2, 1A Ay S ICid R D O dL B AL B A RIS K S A &
BENTN LD STt v 7 BIEMHSITREERPASE LD ONITNEEBE N, &
FZOEEICK B E, 196042 A 11, Bl ENRENPLEEERTCELEOER KT
BFIRDAEDONLDIC DD ST IREBRTRELABLON T LD TR AKED
H+1IC THDk., choDTEMEE2 A&, o7 BIhBENHHIOHER TORKWAIR
@%ﬁﬁ&kHUﬂ10m@¢O§W&D£ VWOTRRBWREBEDNE, Lk DTHE
Bolidbihof#s ﬁl_thi)¢ém&%zti9ﬂ PUTH A D,

COXHCLTLIOBDORBESRD SN &, 9 HRERKIT I b ndEdiElo
MEBELAZHOTHKIBOTRETRD CEMNTRTH S, REED, EHOMBEDTE, 9



184 . Hom & #H

RUbeD A&~y 7HOBHRBANIHEZORNA L L BB B L5 TH B, 19K, Wit
BRI SEHEICT B LN AL O E 4, OGS B DEROVEETRO LNV TRERDA, X
BICD T OTFHERES C EBTEBTHA S, |

KRR e kT2 o kb N 2 HRBIE KL TRDBZCEMBTE L, WATKE
BOTRESHROEKEEICET AH, 1L, XEOHMBE LT3 AKAEFET
&, WAMBRESICLAL12A203THEho8KkBMRI0BTH S, KERBcm
THROKIAR AR S BHN 22 &3 10kg-calem’ (Table 1 £) TH 220 110& 72
H0.09kg-cal/ecm® DEME DN B C &ITi b, YRDTLETHEH, RORRBETHZKD
Rl 1B D RN ZHERIFKBBNICHTRIL S RO 2 ZNOMSD—ICT L,

V. & B

ML ST TAR= Y ZHWITHRE EIC X 2HKDOEEISL, THRAREERASR
BAEELOERMLT, BRHEWKERCEI DT 3 REBESEZECMICRD L, € O8E,
HABORBELWKOERICDOTERMICHE I ENTEL, HiL, 2R~V 7HORERE
CHAKERINICET 2 RATEOE IR 40~50m TH 245, kD ERIC & 5 WK o Hi 51
MDfdic, X0BHOEICF I0m GORESICET 2 E8bp2l, BITHD SR

J*“'*O)z**%i)’%b\f%&li MET7TEB TRAFERZENEFNScm & 100~110cm itz 3 C
tﬁbﬁato&Aﬁt@$®$&@twmﬁmb%bnééﬁﬁ%ﬁb B o&odhini
B AEH L TR0 kg callem® Q&N S EbNh 3 T Ehbhor,

FTTIRONIFEDEDIC, HELHLO>TRIBKOESEE 4% &L, Lo bilikidik
BEINAOXFNEZCERTVBDEAMLTNE, LaL, ZLHMENTVA LS ik
BEICE OS> TESICHBEINLORINLD T35, 202D HZTRE THHETE X 9%cm @
—RRBTEZLVIEBERIEBRLITRD LT RENTHETHEAS D, EBICR, bEES
KRR DIORBBIES NI DWENID LT LI D THUZ CTHL CRMTE 5 &0 38R0
BOBZENDBTHAI L, TRMBOFHLOMNDAKBEINTRLICELHA S, —RITHD
HKDOHEAFEOKICORELETDELVLDT, MBOLIRESICIETRTOHKDIE
S MEHBICHOLIBAED bAEL D, LEn>T, b LEkEmRcE>TB e 2RAE
 OBEEEETEE, KERLDEIKREBIETHE, FHEBEOBETEKIOEAE
BHEMTEE LS, TNYZESGBORIDPOKERHET 2EEIC HINDORERS LR

THDESD B,

BONTERICRE L ORESSENTVBIC S D 5T, S ER S s
OB EICONIFFEZBRTEA &~ Y 7B 25K H, KE, BABOER
EoNTIEEERMICHS CEMTE, FICENEASPRETFHT A0 EMTESC LN
SMTH B,



F A= 2 EREERC BT KD ERC OWTO—EE 185

X ik

1) Jacobs, W. C. 1951 The -energy exchange between sea and atmosphere and some of its
consequénces. Bul. Scripps Inst. Oceanography, Univ. Calif,, 6, No. 2, 27-122.
2) FREK=RB 1949 X 4 —Y v OHEEERIC OV T HAEEEXE, 5,815, 13-18
3) HMERE 1953 TEABEMRES 5— v yEESOBRC VT ERRE, 9, 159-170. .
4) . U. S. Navy Hydrographic Office. 1946 Ice atlas of the Northern hemisphere. H. O. No. 550.
Munncrepcreo O6oponsl Cow3sa CCP. 1953 Mopckon Artiac.
5) WMEFE 1950 HKOWRE BE3®) BEEKOERCH V- COHEBHNEE. KEFS, 3, 131-142.
6) 3y6os, H. 1938 Mopckde BOAH M JbAul. [ HApoMeTeon3naT, MockBa.
Defant, A. 1949 Konvektion und Eisbereitschaft in Polaren Scelfmeeren. Geografiska Annaler,
XXXIT, 25-35.
7} Lee, O. S. and Simpson, L. S. 1954 A practical method of sea ice formation and growth.
Technical report No. 4, U. S. Navy Hydrogr. Office.
Brown, A. L. 1954 An analytical method of ice potential calculation. Technical report No. 6,
U. S. Navy Hydrogr. Office.
8) 3y6os, H. 1945 Jlbawet ApxTHrH. WsaareabctBo I'aaBceBMopnyTH, Mocksa,
9) WEFEE-W F-MABE 1951 #kOBIE BB 11 3)) 858, KT s RRmKkhoEREr
DN T, KB, 6, 71-84.
10) Kuwahara, S. 1939 Velocity of sound in sea water and calculation of the velocity for use in
sonic sounding. Hydrogr. Rev., 16, No. 3, 123-140.
1) BEOEKEE #Ecd 5.

Résumé

The depth of thermohaline mixing which occure before and during the sea ice
formation and also ice potential were calculated for the southern part of the Okhotsk
Sea. The result of oceanographic observation carried out at the beginning of September
(Soyo-maru, 1941) was used as the basis of computation. In this season, thermal energy
stored in sea water is being continuousely removed to the air.

The amount of evaporation from the sea surface was assumed as equal to that of
precipitation, in view of the work by Jacobs. Heat loss due to evaporation and horizontal
movement of sea water were neglected. As the method of computing ice potential, that -
proposed by Defant was adopted. '

Before sea ‘ice forms, mixing is accomplished merely by temperature change of sea
water. If a temperature below the freezing point is required for farther mixing, sea ice
forms and the salinity of remaining water is increased. Figs. 1 and 2 show the vertical
distribution of temperature and salinity observed by Soyo-maru and also that computed.
From these figures, the process of mixing is easily recognized and it is known that the
forecasted distribution are in fairly good agreement to that observed by Toyama-maru
at the beginning of May 1942.

The depth of mixing layer accomplished before ice formed is shown in Fig. 3 and
the amount of heat loss required for mixing (i.e. ice potential) is seen in Fig. 4. Using
the date of first ice formation obtained theoretically by Fukutomi, the author calculated
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the mean daily loss of heat between September and December as is seen in Fig. 5 For
the southern Okhotsk Sea, 0.3 kg-cal/cm® day is obtained. The approximate thickness
of ice was calculated at stations 7 and 15 of S$oys-maru and was estimated as 95 and
110cm repectively. In this calculation, as the depth of mixing layer that actually
observed by Toyama-maru after the ice has melted was adopted and the results of ice
potential computation shown in Table 1 was also used.



