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Relation between the Heat Budget and the Cold Water

in the Yellow Sca in Winter.

Young Ho HAN + Sun-duck CHANG

Abstiract

To study the fluctuation of the cold water mn the East China Sea in summer heat budget of the
Yellow Sea ia wiater was analysed based on the oceanographic and meteorological data compiled from
1961 to 1874,

The minimum value of insolation was observed in December{156~150 ly/day), while the maximum
in February (230~260 ly/day). The range of the annual variation was found to be less than 30
ly/day. The value of the radiation term (#; — &, — @) was remarkably small (mean 20 lv/dav) in
winter. It was negative value in December and January, and a positive value in Feliruary.

The mintmum total heat exchange {rom the sea (@;,.) was found value (471 ly/day) in February
1962, and the maximum (882 ly/day) in Januvary 1063.

The annual total heat exchange was minimuwn (3838 ly/day) in 1962, and maximum (716 lv/day)
in 1963,

If the average deviation of mean waler temperature at ZUmn depth layer were assumed to be the
horizoatal index (Ch) of cold water, C, is
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where A; denotes the area of isothermal region and 7 the value of deviation from mean sea water
temperature. The vertical index (C,) of cold water can be expressed similarly.

Conscquently the total index (C) of cold water equals to the sum of the two components, i.c.
C=Cp+4-Co

Taking the deviation of mean ssa surface temperature(7’w) in the third ten-day of Novembers
in the Ycllow Sea as the value of the iniiial condition, the following expressions are deduced:

C—T"w=232.06--0.048 Qy

Co—T"w/2=12,20-—0.019 (ip

Com Tl y2= 18, 07 —0.027 Qp
where ¢r denotes the total heat exchange of the sca. The correlation coefficients of these regression
* se 1l K pE k4, National Fisheries University of Busan.
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equations were found to he greater than 0.9.
Heat budget was 588 ly/day in winter, and minimum water temperature of cold water was 18° C

in summer of 1962. The isotherm of 23°C exterded rarrowly to southward up to 29° N in summer.
Y F

However, heat bhudget was 716 ly/day, and mra 1 waler temperatare of cold water was 12°C in
summer of 1963. The isotherm of 23°C exteuded widely to southward up to 28°30’N in summer.
As a result of the present study, it may be concluded that the fluctuation of cold water of the

East China Sea in summer can be predicted by the caleulation of heai budget of the Yellow Sea in

winter,
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Table 1. Dimensions of the Yellow Sea where
the heat budget analysis is made.
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Table 2. The heat hudget in ly/day of the Yellow Sea in winter, 1961—1974.

e Cpye (j M an
1960 Dec. 203 701 756

61 Jan. 197 606 641

61 Feb. 193 471 438 612
1961 Dec. 208 610 664

62 Jan. 204 653 692

682 Felb. 193 477 444 588
1962 Dec. 210 542 592

63 Jan. 252 382 918

63 Feb. 215 519 245 685
1463 Dec. 160 603

&t Jan. 182 843

G Febh, 7T 521 604
1964 Dec. 210 688

35 Jan. : A 05

65 Feh. Sl 146 G2 706
1966 Dec. 21.1 205

67 Jan. 26.3 R

67 Feb. 32.1 207 G20
1967 Dec. 3 23.7 235

68 Jan. 3 25.0 212

68 Feh. 3 32.2 8y 716
1968 Dec. 147.1 139 599 631

69 Jan, 166,90 172 645 672

oo Feh. 21R.6 163 60:6 578 627
1869 Dec. 34 207 638 743

70 Jan, i Mo T4 766

70 Feh L6 159 Gl 670 705
1970 Dec 215 628 634

71 Jan 221 724 766

71 Feb 192 612 579 635
1971 Dec 229 651 721

72 Jan. 176 699 718

72 Feb. 185 GHS 646 696
1972 Dec. 200 G5 700

73 Jan. 201 6591 725

73 Feb. 201 i G146 680
1973 Dec. 238 O82 056

74 Jan. 231 Gl 720

74 Feb. 100 567 537 638

Table 3. The monthly mean air temperature 2nd deviation of the meteorological station

(Mckpo, Incheon and Cheonju).

Month | 1950 1951 1962 1963 1964 1965 1956 1957 1968 1969

1970 1971 1872 1973 1974 Mean

Dec. T| 12 23 37 35 28 11 -—0.2-I
ol =05 0.6 2.0 1.3 1.1 —0.6 —1.9 -2,

Jan. 7| —2.0 —0.9 —4.8 1.5 —1.3 —1.5 =2, i
! —1.0 0.1 =28 2.0 —0.0 —0.7

.o —1.0 1.2 0.4 IR
o ! 0.7 1.3 —1.2 —1.4 0.2 1.¢

0.7 =29 0.4
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Table 4. The index of cold water in August, 1961—1974.

Index 1961 1962 1963 1964 1985 1936

Horizontal 1.48 1.86 —0.17 1.¢
index

%]
o

1967

—1.19 0.86 —0.33

Vertical 2.20 3.18 —1.46 1.70 —0.90 2.44 —0.98

index
Total 3.68 5.04 —1.63 2.95 —2,00 3.30 —~
index

—1.30

SE& 1069 1970 1971 1972 1973 194

—1.91 —0.61 —1.08 —0.32 —0.42 —0.32 —0. 13

/  —0.91 —0.59 —0.48 —0C.71 —(.42

/  —1.99 ~0.91 —0.90 —1.03 ~0.60




B 1974%E 712 1445009 H20sl #545= Table 4. 9} 1962@3« Mﬁ ST = A Hdste] ®el Fig. 99

Fheh o] ML (F)olwl ke Mol TayEl et 1 3ol G A 1962476 1= 50mjEel] 4]
(Fig.5 &1 6) 2} @ak sAolm, (—)olwul Flhush ) .ftzis: <fmo] 18°Celvl fZobed, G 1968450]

J1EE IR AL o n)shel. 1962488 KT IRB(CH) = 12°C2A s Xk 6°Cyla, 23°C Afigio] 1962
7h 186, WECHEB(C)IE 31824 AAkHKOE Wl Mol i 29°NAAA gl wlA A grgrend

5. 040l mz #yakel 50l A% Y Solm, 1968 19684E00 = fafe] WA 28° 30'N#A= g
el = AEHE —1.91, EEBEET —1.300% FEF S-S 19684 & 32°N, 120°Eo] ] Kii/E

WAREE —3.2124 %KY #o] A1 W= of 15mAell TREHA rthelut o, 196240 & 40mp

=

S EEEEEE o FEA bl
2 Akoh b R R 196843 Z1 H
Jrs T
nﬂ‘. ,;,}’ - Mfa‘; 2/43: g fGas
N B R ] A0

Fig. 9. 3-dimensional distribution of water temperature (°C) in the East China Sea in August.

' % gleh. Table 2. & 125004 25759 MBEE
3. &Fo| glxer mk RN BR I AR, olAo A Mk FkiES e i
ot A WIeT ubelare] Aol Kl Wmd BERE Tob] sAetel, ikl MRS S B
HKZE o Bl WEIBHAA AESHA He zEa RUEE, WNFR, #ibkE, L8, M9 KiEF
of kel MEL Mlikel 2& HArlo] vtm & EE PR E WA ARER CAA R

Table 5. The surface water temperature (°C) of the third ten-days of Nevember in the
Yellow Sea 1961—1974 (Chuk do, Hong do, Eochung do, Kyognyolbi do and Pu do).

Year 1961 1962 1953 1964 1965 1966 1967 1968 1959 1970 1971 1972 1873 1974
Water 14.5 14.9 12.8 13.9 13.8 12.3 12.8 13.2 13.1 13.2 1li.1 13.8 12.5 12.0
Temperature

Deviation 1.4 1.8 -0.3 0.8 0.7 —0.8~-~0.3 0.1 0.0 0.1 —20 0.7 —0.6 —~1.1

ety

— 10—



Ao IS HBRKSS WER

4 B
k3 -l
- Total indax
e N b |
13 J
Cr B
i . B
ol i TN 4
O 5 y%32.08-0.049x \\
3k v 4
gl re-c.94 NG A
5l N
’ L L i
550 600 650
{Iy/day)
Qr
3 T T T T
2 | ]
Herizontal index
S T 1
e ° 7 ]
L 7 7
=R ‘,':ie 20-0.019x 1
-3 S0.00 4
]\_1 i L 1
550 600 830 o
(y/day)
Qr
H T T T
gr \\
s;’ |}. g\\\ Vertica! index
~ fo] 8 y .3
— I L
Vot / \:\:\.
sk y:18.07-0.027x T
.31_ re-0.975
i | 1 1 ]
550 500 650 760 750
Qr (lysday)
Fig. 10. Relation between the heat budget and
the index of cold water of the Yellow
Sea in winter.
T'w =gt C=T'wst Qrstel BEHE Hebix
Fig. 109k 23, KFHMAA WAL A3 C—
T'w/2, FFEIBEAA GIHESS A C—T w/24

Mz stel Mitke Fig
1% A iR

=

s

109 eh. o) #EE, 7K
W C—T'wsh #k kel BR

C—T"w=32. 06—0. 049Q 7
13, HIBGREEE 0.940] ],
L ACFREEN A e W CG—T'w/2, T
*a‘ A AL i C—T'w/29t BKE Qr
HRe
Cho—Tw/2:=12. 20—0. 019Q
Co—T'w/2=18. 07—0. 027Q;
o) i, HIMEREE 27 0908 0.576] ).
of RIRE Mol AEA MWildAY Bk g2
dOHEIRES K¥ Aok #Jr3= A s HIRERE
ok slaw, ASA My st e, iU
ol W T Fsel i <l 01 SR HEHR

A0l Wi HRY #% BRI & A& Aol
w1, g A4d we gl Heetn Agde

B ¥

X7 #¥goll A 19614 F-8 19744712 (19664FER
A1) 134 BB E HMSt o] MIME-o FF
WEIEAA S iy %Kk #0749 BRE 29D
HMRE BEsd bt 2ol

(D HREY AMEE 27Fd 120 713 v}
oF 160~190 ly/dayolx, 1H3 2A= 245 i
Bmsted 276 & 250~260 ly/dayz 4 1286} |43}
o] 70~90 ly/day>} #vh. %5 AHE EHERE
B <k 50 ly/day LITFel Aoz dehgeh

(2) ¥ A9 E!ﬁi@ﬁ%ﬁ 1 7% H it Boeb 12
Aol 30~70 ly/day, 1ol 27~46 ly/dayA &
aA veEhgoy, 2Hd = K#tE 20~20 ly/dayd
E A Jebeh

(3) BRAA FEHEHARS HREHRSE 2 3

£ 100 ly/day BITFolm, 123 17e]+& (=), 2J]
d% (B dEhde, MEAME FHE ok —20
ly/day4 = o] o).

(4) BB RS ARBES WS & 19634

Ulel Bfsga (382 ly/day), 19814F 2fje] HHRY

©} (471 ly/day).

(5) %7 Tl A dolmal MARe 106240
¥y 588 ly/dayA] fE{fe] ], 196845d] 716 ly/=
A BEg el

(6) 19714F 8 Fell Aot UZMAFS] HFIK= of
o R e, 20m Bigel s KjEe] 6.4°
~13,2°C, Qﬁol 33.17% Wl LesA vlzke] R
o e ez gtk

(N Py K@ BEAmE Y FWAKRE
Ak 50mfE o] MW E AEHM, 32°Ng 20m I

Biel ME mEsRmer ke, 1962489 A% KT
B 1.86, BRIyl 3,182 Hikfust 504
g, 19684E9] A Sofl o Wkia®sl 3. 2190

(&) WrARMBAA 1LAT Hygel Al £dh
e w3k C—T'we} £FRME ] W

C—T"w=32.06—0. 049Q 1
olx, . FHEAFRME 0. 940] v}
= OKFREAA %S W3 CG—Tw/2, T

RPN A PGS W o C—T7w/29) B o}

9 BfRE



L

Ch—T'w/2=12. 20—0. 019Q7
C,—T'w/2=18.07~0. 0270
MG 44 0.90 g 0.970] o},

o] A XF FKiFol A2 Bz HE HX
I Xy Bk HMERSE 580 #EH
Homm, KRFEHMMEE HS, 115 TWA #
HkERE o HE FiRd ARENE B
ol i Ao B Ego] Hstm AAA]

E - I

o1,

K RLE AL B S WS o 2ol
F4 RN KEYA BET HET = en, #
FRol =nE oAl el REWRN HEE,
P A T WARIRBIRA, YeRt WE
EOHE BMA, FHEH, Hl, ®AIRESH B
Tl zrabel S Jesh uhev

eI

NTE

References

Asaoka, O. and S. Moriyasu (1966): On the
circulation in the East China Sea and the
Yellow Sea in winter.
(1—2), 73—8l.

Budyko, M. I. (1956): The heat balance of the
earth’s surface. Hydrometeor. Pub.
Leningrad, 253.

Fujita, T. and T. Honda (1965): Observational

estimation of evaporation and sensiable heat

Oceanogr. Mag., 18

House,

transfer from the Japan Sea in winter,
Tenki, 12, 204—213 (in Japanese).

Fukuoka, J. (1950): An analysis on the mecha-
nism of the cold water mass appearance in
the Enshunada. Qceanogr. Mag., 11 (2),
127—143.

Han, Y.H. (1970): On the estimation of evap-
oration and sensible heat transfer in the so-

the

Jour. Korean Meteor.

uth eastern part of the Yellow Sea in

month of January.
Soc., 6 (2), 83-—87 (in Korean)

Han, Y. H. (1972): Heat budget over the south
western part of the Japan Sea in the month

of January and cold water mass in the Kor-

— 1

w % #

ea Strait. Jour. Ocean. Soc.Korea, 7(1), 19
—23 (in Korean).

Han, Y. H. (1977): On the estimates of radiat-
ton on horizontal surface during
Korea. Bull. Korean Fish. Tech. Soc., 13
(1), 7—10 (in Korean).

Harami, K. (1974): On the amount of evaporati-
on in Kii Channel in winter. Umi to Sora,
49(4), 115~124 (in Japanese).

Hill, R. H. (1972): Laboratory measurement of

heat transfer and thermal structure near on

winter in

air-water interface. Jour. Phys. Oceanogr.,
2, 190—198.

Hishida, K. (1969): Summary on problems in
the synoptic heat exchange. Umi to Sora, 45
(2), 77—85 (in Japanese).

Hishida, K. and K, Nishiyama (1972): On the
diagram for evaluating the amount of heat
exchange at the sea surface.
48 (1), 23—38 (in Japanese).

Jacobs, W. C. (1242): On the energy exchange
between sea and atmosphere. Mar.
Res., 5, 37—66.

Jacobs, W. C. (1951): Large

energy transformation over the oceans.

Umi to Sora,

Jour.

of

Co-
mpend. of meteor., Am. Met. Soc., 1057—
1070.

Kaiser, J. A. C. and K. G. Williams

Measurements of the vertical heat

scale aspects

(1974):

Flux in
the upper ocean layer. Jour. Phys. Oceanogr
4(2), 137—144.

Kang, C.J. (1974): A

variation of the water masses in the south-

study on the seasonal
ern sea of Korea. Bull. Fish Research and
Develop. Agency, 12, 107—121 (in Korean).

Katayama, A. (1967): On the radiation budget
of the troposphere over the northern hemis-
phere (3). Zonal cross section and energy
consideration. Jour. Meteor. Soc. Japan, 45,
26—39.

Koizumi, M. (1964): On the standard deviation
of the surface temperature of the East China
Sea. Studies on Oceanography, Hidaka Jub-
ilee Comittee, Tokyo, 140-—144,



LFel Mo KW ASS] B

Kondo, J. (1964): Evaporation from the Japan
Sea in winter monsoon season. Sci. Rep.
Tohoku Univ. Ser. 5 Geophys., 15, 67—75.

Kondo, J. (1972): Applicability of micrometeo-
rological transfer coefficient to estimate the
long period means of fluxes in the air-sea
interface, Jour. Meteor. Soc. Japan, 50(6),
570—576,

Laevastu, T. (1960): Factors affecting the tem-
perature of the surface layer of the sca. Ce-
ntraltryckerief, Helsinki, 9-—66.

Lee. D. Y. and S. D. Chang (1976):
energy exchange in the eastern Yellow Sea.
Bull. Korean Fish. Tech. Soc., 12(2), 37—
42,

Ling, S. C. and T. T. W. Kao (1976):

meterization of the moisture and heat trans-

Sea-air

Para-

fer process over the ocean under Whitecap
Sea states. Jour. Phys.
315.

Manabe, S. (1957): On the modification of air

mass over the Japan Sea when the out burst

Oceanogr., 6, 306—

of cold water predominates. Jour. Met. Soc.
Japan Ser. 2, 35(6), 311—326.

Manabe, 8. (1958): On the estimation of energy
exchange between Japan Sea and the atmos-
phere during winter based upon the energy
budget of both the atmosphere and sea. Jour.
Met. Soc. Japan, Ser. 2, 36(4), 123-134.

Masuzawa, J. (1951): The heat exchange betw-
een sea and atmosphere in the southern sea
of Japan. Jour. Oceanogr. Soc. Japan, 7(3
4.

Matsumoto, S. and K. Ninomiya (1966):

aspect of the cloud formation and its relation

Some

to the heat and moisture supply from the

Japan Sea surface under a weak winter mon-

soon situation. Jour. Meteor. Soc. Japan,
44, 60-75.

Matsumoto, S. (1967): Budget analysis on the
sea effect snow observed along the Japan
Sea coastal area. Jour. Meteor. Soc. Japen,
45, 53-63.

McEwen, G. F. (1937): Some energy relations

between the sea surface and the atmosphere.
Jour. Mar. Res., 1(3), 217-238.
Min, K. D. (1974): Heat and

over the Yellow Sea in winter season and

water budget

their influence on the Siberian cold airmass.
Jour. Korean Meteor. Soc., 10(1), 1-10.

Moriyas, S. (1957): An attempt to forecast oc-
eanographic conditions south of Honshu.
Oceanogr. Mag., 9(1), 12-—17.

Moriyasu, S. (1958): On the fluctuation of the
Kuroshio south of Honshu (2). Mem. Kobe
Mar. Obs., 12(2), 1—6.

Moriyasu, S. (1959): Supplementary note on the
dynamical property of the cold warter regi-
on. Oceanogr. Mag., 11(1), 13—19.

Moriyasu, S. (1967): On the anomaly of the sea
surface temperature in the East China Sea
(1). Oceanogr. Mag., 19(2), 201—220.

Moriyasu, S. (1968): On the anomaly of the sea
surface temperature in the East China Sea
(2). Oceanogr. Mag., 20(2), 121—~132.

Ninomiya, K. (1954):
over the Japan Sea and the Japan Islands

Water-substance budget

during the period of heavy snow storm.
Jour. Meteor. Soc. Japan, 40, 317—329.

Ninomiya, K. (1068): Heat and water budget
ove the Japan Sea and the japan Islands in
winter season. Jour. Meteor. Soc. Japan,

Ninomiya, K. (1972): Heat and water budget
over the East China Sea in the winter seas-
on. Jour. Meteor. Soc. Japan, 50, 1-—17.

Otsuka, K. (1964): On the unusual low temper-
ature in the East China Sea in winter of
1963 discussed from the heat balance. Jour.
Meteor. Res., 16(6), 326—333.

Paulson, C. A., Leavitt and R.G. Fleagle (197
2): Air-sea transfer of momentum, heat and
water determined from profile measurements
during OMEX. Jour. Phys. Oceanogr., 2,
487—497.

Sawara, T. (1974): On the sea surface temper-
ature in the East China Sea for the years
1953—1972. Oceanogr. Mag., 26(2), 1736,



BOX @ - B O®m @

Schell, 1.1. (1972):

surface temperature anomalies in the north-

Large-scale sea ice, sea

western North Pacific and their significance
for foreshadowing the weather in northern
Japan and for eastern USSR. Jour. Meteor.
Soc. Japan, 50(8), 542—557.

Stegen, G.R. (1973): Measurements of momen-
tum and sensible heat fluxes over the open
ocean. Jour. Phys. Oceanogr., 3, 86—101.

Sverdrup, H. U. (1937) : On the evaporation
from the ocean. Jour. Mar. Res., 1, 3—14.

Sverdrup, H. U. (1940) : On the annual and
diurnal variation of the evaporation from the
oceans. Jour. Mar. Res., 3, 93—104.

Sverdrup H. U. (1951): Evaporation from the
oceans. Compend. of Meteor., Am. Met.
Soc., 1071—1081.

Uda, M. (1949): On the correlated {luctuations
of the Kuroshio current and the cold water
mass. Oceancgr. Mag., 1, 1—12.

Watanabe, N. (1955): Hydrographic conditions
of the north-western Pacific. Jour. Ocean-
ogr. Soc. Japan, 11(3), 111—121.

Wyrtki, K. (1966): Seasonal variation of heat
exchange and surface temperature in the
North Pacific ocean. Hawaii Institute of

Geophys., 1—8.



