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During the winter in February 1998, January and April 1999, interdisciplinary research was conducted in a
large area including the South Sea of Korea and northern East China Sea to examine distribution and structure.
Water masses identified from the observed data are Warm Water originated from Tsushima Warm Current, Yel-
low Sea Cold Water (Northern or Central Cold Water) and Korean Southern Sea Cold Water. In the southern
Yellow Sea, Warm Water originated from Tsushima Warm Current, flowing into the Cheju Strait after turning
around the western Cheju Island, makes a front of ‘I shape, which is bounded by the Yellow Sea Central Cold
Water in the southern part of Daeheuksan Island and by the Yellow Sea Northern Cold Water in the eastern part
of the Yangtze Bank. This front changes its corner shape and position with strength of the warm water extension
toward northwestern Yellow Sea. The position and structure of the fronts off the southwestern tip of the Korean
peninsular and near the Yangtze Bank varies with observation period. In the front in the South Sea of Korea,
cold coastal water which is formed independently due to local cooling, sinks along the sloping bottom. We
explained the processes of variations in the distribution and structure of these winter fronts in terms of up-wind
and down-wind flow by the seasonal monsoon, heat budget through the sea surface and density difference
across the fronts.
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Fig. 1. Map of study area with bottom
contours in meter. The bold dash line
denotes a whole observation area and
three solid boxes indicates subarea
where typical front was formed.
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Fig. 2. Locations of CTD stations taken in February 1998 (a), Jan-
uary and April 1999 (b). Capital alphabet denotes section name. The
closed circle in (b) is occupied in both January and April, open cir-
cle only in January and star only in April.
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Fig. 3. Time series of wind vector measured at DaehuksanDo wind
station (see Fig. 1) for each cruise. Vertical arrows denote time of
AVHRR image by NOAA-12 and 14. Dash box and horizontal
arrows indicate the period of CTD observation and time of section
occupation, respectively.



330

al
=

TATE ¥ 2%
FHTFE
e G AA L (Fig. 4y 2AID 2] ALH 54T
- BojEt), 19999 197 440 AEE gy A5
X L) EAFAES A28 (10°C ©)8} 34 %o oo =
FHA0 R o] FHEE Ha B =9 digellA] AL i
77} 25<0<26 D=9 Wlell et BAZA Zdolrt &
AA=]7} g A el 7o Qe A So] Hol giF-Y £
R0 g & By Y-S BAFT. SR £ g7
SPH9IE 7°CET 2L 2% o)A T2 1E Ao
o] 47 o] thg 357t A A4
1998 2%¥ofl= ok 12°CE} oF 33.7 %ol
FHog e udpe) A AHE5E ud
al.(1991)°] 48k vle} 7lo] 2 PP
(group 4, TFHFZ BHEH AL AHGFe 3
5] Gdpgdeks e 384 (Nakao, 1977) &
Z*(Kondo, 1985)2 EFATE A2-AA4E 9°C 01*0 32.5%
3ol Ae4el 9°C ©18F 32.5 %0 oY A2 &
7] u}]—f’,_—oﬂ gﬂozloﬂ /\Lo]al- EA S o Zhe= x}&.
ARITE B3] 32.5 %0 O18F AEgY EAASHES
HGollM sl5e] THo =2 AAE S o] ME tE

1
r qi oE:
Y o
>

ih

on

94

2 K H e
[m

o
B 4

)

ricd

rlo

%9]
A

=
o}"o‘

(7‘1

HoR “PLP IS8 ofmlgket, 32 %0 ©]5He] AY %*é{’—_ Ag
Aol el Bl Abpute W2 2 dotdg wel dAlHE 5
W7 BESHE Y(Kim et al., 1991, group 2)ZA] &£ ¢80
Ae FejERWEE BeEa, 9°C ©)8) 32.5 %0 ol4te] AL
= gelEd g (group 3)E EFSIHUTE Chen, er al(1994)°]
o)st ajuiel s 5 AV AgHoz Faka vtk 4,

Al A HErt 7 2 89 (02260 33.5 %o 01742 I E
Fola] F=o] 12°C o|3el FAloltt. o) FAl= Hal B E17
E30A &

Zriglon] Fuss THE 54 el felsioks

Temperature ()

AL

31,5 320

330 335 340 345 32.5

Salinity { %)

320 325 350

330

Salinity (%)

e E A e
W A2, 52 = IokLim, 1976; Kim er al., 1991,
group 5).

1999 1€ Lo} HEHox Yehte EA2A9 Hel=

71807 1998 29e] A9} SALskA g A& %]
32.5 %o ©)5te) A EQ B RE YT} Z

T o)A

22 0) Lk 23

th o]& <I} 11°C ©]&te] H2FE 328 %2 VTR ¥

o &3] MEE = Uor JHez A9 sige FaE %’
Folar, W7t 71 £ 333 %0 o142 10°C vRke) & = 29
3 FALSHA deldet AHEAA BE2e JejA2go ), 3,
A FUEY A4 gl #E5Mol YA F

7heEol i e R & 2] WshL(13°C oS UERHL 9l
o 280l MIaf 15°COlE, 34 %0 ole] A e-ndFrt B
o] =AU

=AZe sldshzs 19994 44
24011*1 Mi HekE=
2 199
Aa

Fl=
al

Jof) 7%
#49

g e At B
€ BoAFET 353 o
His) Aoz 73101 CBAEAE
ol ol Hetst A F2Apel7t
F7VekaL deT=7t g%é}l 2
| 6=253 ¥9] SUEHES we} A2 A
Bl A

o3 Z

== A7 1Y 2 et
53 #AYoe 7 Qg uﬂ% 2 A F Afo)
o] P

49z et
AT 7P =

a3l
%)

/kg _zl'_/ﬂ )

e
o SR

= gE=Aoe
- '—qu

IR
o
bu
o
e

O

-

£ 4

i
fu
ko
2 K

LT
p

1
J7 e
SR

1o
=

33.0 335 340 345
Salinity (%)

—md e

320 325

350 315 35.0

345

33.5 340

Fig. 4. Temperature-Salinity diagram obtained in February 1998 (a), and January (b) and April (c) 1999.



331

J Z |
‘ 0‘\\\\&8 r at 5m'Depth' &

o ’ Feb., 1998

32 4 T T T 1
Temp.(C)
3 o at5m Depth -
R Jan.,1999 - -
T T T — 7
l. i 1 L 1 i
SN W UV NS S
Wi : L 35
34 L 34
E o] K LA
330 Sal. (%) ;f_ 337 4 zﬁ}}%_
4 at 5m Depth & ) b
: Feb., 1998 o
3°4 o g ek 324
Sal (%)
(<} at 5m Depth
A Jan,, 1999
I I A e e S SR
35 - . .
34 L LNl TR
o ¢ L. '
33 Sigma-t ‘E( A% e .
at 5m Depth™™ P » .{:'
° Feb., 1998 T T
32+ T T T T — R J
128 1247 1255 128 12 12f 128 / O Sigma-t
o R at 5m Depth
SL Jan., 1999
TTTTTTY T L S S SR
128 1282 128 126 128 128

Sal. { %)

at 5m Depth

Apr., 1999

e S Eniis Ennthals nrbenh e M

Temp. °C)
at 5m Depth -
Apr., 1999

S

e

Sigma-t

at 5m Depth
Apr., 1999
g

128 128 13

Fig. 5. Distributions of temperature, salinity and density at 5 m depth in February 1998 (left), and January (center) and April (right) 1999,

A FEEM P Aoz dgd 4 Uk A, dFals
Zo|X(I 799, Fig. 233) Ul A2(9°C ol8}), AH (33 %o ©)
ahe] FallFdd el PR 719 329 Alololl EA® 4229 °C
~14°C)2F FE(33 %o~ 34 %o) Aol B4, dApHE B2
TPl E ALE(13°C o), ZHB3.6 %o o)he] divhaw71e
A7t AZ-AEaet thits BAEE wake] £2.(10°C~ 13
°C)t FEHAA(32 %o~33.6 %oelth. ©] F AL A FIE Ao
A A= 7[R O R TR HElE o] F1 9.2 Chen et al.

(1994)0] HeIE FETsloIAe] S A Fu) WA B2 Pho]
APeh F o) A@sE sldNE Fen grret |

As] Ja|AH AFE FHoM T2rP57t BAZE g iR

gdele BEE HQITh AN Z = o) Jokel A APt 9
o] dupdH7iE egaleld] Fdd AAA 79)olt)

#F5EG W sl HHAMe] EHEEE A B (Fig. 6), 1999

7 FAMSER R 1998 299

= AAle] el £} 315 H Fglo) vhat ot

B g dAdoME AE4es g0 B3R oo A

PAE EEE GMEOR SART, dEat
TEI} Po] BFRT o0] W) A7)y %
8], ol e 12°C ol3} 34 % ol3te] st FHEEo R oF
3L Aeehe B0l g Eel )l

N A we] BEoM B

T = (e}
Dol:

=

7P RE7E S

Wi7F €St SZoleh(Lie er al., 2001). L
Ashe A= A1) B

gt} 1999 N5 % Sjafolir] AFg20]
SEG WA e

A4 Q1A e A
M} AR AL (Fig. 11732), ASH 1.
IH bt FFEIFEF)EAFE GAES BEoA] A4
o ¢l 2F AEXZRE div}
wRellA 71deke Wi7F @= AMeliche wek B4etk
Uda(1934)7} AlA g £33 A= A-EE0| gl ¥
Bap, Sl AR f9l I
A FEE AFE BAZANA TR ez adEe] Mg 7

CERELE

oA 2 walel AFe



332

&gy -

oWE - oA -

1
i -
35 35 4
34 34 4
o K] ") . o
33 N1 S Temp,(ec) g’ 33 o
N at bottom Depth®~
> Feb., 1998
34— , —— 32
Temp.(C) Temp. (°C)
37° at bottom Depth - 310 at bottom Depth -
Jan., 1999 Apr., 1999 -
T T T T H T T T T T T
35 4
35
3 47
34
33
(o]
331 sal. (%) t!
at bottom Depth® ° . L °
32 32 r
° Feb., 1998 rd el
P Sal. (%) Sal. (%)
310 ] at bottomn Depth - L 310 i at bottom Depth -
Jan., 1999 Apr.19%e - o
H — 1 T T H
1
35 4 : _ 32
1 1 AN y il
350_‘ J ; &
3 7 3
34 ; i
. . 33° - . * . R ‘ 330 o
o . s & B b L O 3
339 w7 sigmat o o e
IR at bottom Depth®5% 32° 4 Fa /\/ ’ 32° -
N Feb., 1998 ’ 2 - 7 ! 4
325 — T — T . Sigma-t 2, Sigma-t
128 1282 125" 126 12 12 12d 31°J at bottom Depttr 3 | at bottom Deptfy
Jan., 1999 Apr., 1890 - o
o T T ° T T T T T 1 ° T T ¥ T
128 128 1255 12680 120 128 128 13® 12 12 1257 1268 12 2 2 13

Fig. 6. Distributions of temperature, salinity and density at bottom in February 1998 (left), and January (center) and April (righ) 1999.

Fule] me-agashe A 2ege 4 5 Ao

zH AEA7]0) wet o @ebe ANEE g a2 g
W2 27t Bshe A7l 3 S vlas) B, 1998
d 2gelE thE3Ahe WA 9°C o5k Fellsddrrt 35
o=z st Aol sTulE STMITIE AP AE 9
e 32 %0 olstel FelEFda7t dRaet Al e i
g BAska Ak 19999 193} 4gel= At AE T
A FeEFEs B5HA) odgked ol th Had 25T
o wEolAY F2 AAAAZE WstE] Wid 5 2ok 19
ollie tiEats g o] 299 vis) Ao A= A
AEZA ASA D] He7t wolmly ez Fshe 1
S-2Are) A= vissA Rt ato] ME e vis)
AR v HstEdTh g, 4delle dute dAd
A FE] GEzAlel 193 289 vjsl 5502 oJFHAT F

ol W47 BB o B B4Elo] Qo] T e
o) A4 mAelv} ghetskA watsldon) Sx ] wAlAMEEe 2

sAslolgict. ost B2 A7 292
EREER AL

Y
H
o

o
i}

ol S 7<)

gt HAAJMC 2 RE] B5 A o 2 dsle drlEeA
o] AMTEE Fig. 73 72t} 2¥8d= hE3Ae 29 SafEohd
ot AR E ZFo] g RRyss FUFE st 13°C
o1 33.7 %o o3 A2-TFF 93] 2 5o A BalE
o At o] T2-IHFF7E Gl FdYret Hta e a5t
G A e SR o7 ddsg]on dxzjolrt Ao ¢l 3
Ak, SR E o] g EFYSe v -5t Heks A
ME Brxtolr) Ay Ao e w 71EojA £y o
AFzE B}k o] HAAF2E Fig. 904 AAs] =2 & Zloj
o} 1999 1¥elEs 299] AR} 2. a5} Gy

O



I B

a1 Sohuksando
° AO4 RO3  ADZ  AOT

Al1 AD9 ADB AD7 AD6 ADS A0Q

04 1

= -50 - ) = -50
\E/ B \ I é
= | =
S e=t
. [sN
8 -
4100 - | 100 4
‘ a) T (C) I ] b)
Feb., 1998 | 1
-150 -150 J
Al e AQ9 AD8 AOD7 A06 A0S AC04 AD3  AD2 AD1  ACO
o 4 L L L L L [ \ .

) _f—

Depth (m)

_ Depth (m)

S(%)
Feb, 1998

-150 L. .

ajole] AL A TR

811 B10 BO9 BO0S BO7 BO6 BOS B(il

| |

B11 810 BO9 BO08 BO? BO6 BOS BO4 BO3 BO2 BO1

B11 B10 B02 BOB BOY BO6 BO5S BO4 BO3 BO2 BO1

333

Sohuksando
811 B10 BO9 B8 BO7 BOG BOS B(ﬁ

Sohuksando
BO3 BO2 BOI
-1

B03 BO2 BO1

[

WL
o
L
*

E -

=

[oN

]

D -
T (¢C) T (0
Jan., 1999 | Apr., 1999

Depth (m)

S(%) |
Apr., 1999

?(%1)999 l
an.,
cee e j. 150 1‘4_.. e ——

B11 B10 B09 BOS BO7 BOS BOS BO4 BO3 BO2 BO1

0 L !

E*- )
s | £
(=% Q.
3 -
100 ~ kL .
6, .L
Feb, 1998 |
150 ~- - - i o — IR 10 Y —

Fig. 7. Vertical sections of temperature, salinity and density along line Al

1999 (see Fig. 2 locations).

F= 193 2] misl AT Fylo] 43
o] A%z_—rLz‘C AJ\;HX-\ 2 ;q.&_;qozl,] E_/\(—)]

A) ok 20 mYE] 50 m Ziole] =

to i

EH wgoez J&"‘EM A = 2 sm_qaiu}
T2 dlrxe %OH AT A—l Ad A10%E]

Feel e

e _LQ__}\}—Z:_ 7]‘**4 .‘g_

) vyt gaw 2

olm g Z3H fado] Haslr} ojgidt A2 AYFTRE 149
4 29 2L IFFIE A FEE Tl BAE ﬂswfi g
sl "ado] 4dolle A odstshy sdshe ek 550
WAEHAR-S oJn 3t

PR 2et Byt | }~ Axg e
ko & 7lEX 2= gl M =(Fig. 8) oF5 UM ilo] FAlEo]

0

E-
S
(=8
[
a
|
[+ ; o, .
Jan., 1999 Apr., 1999 '
i

-150

in February 1998 (a), and line B in January (b) and April (c)

AN AZIER ARG X7 EE 28ells Ao 59 33020
o 248 5 AXES AFolA —r\_ﬁﬁ% ?lt} A0l AA
A Wyt & HoZ Hol REA I} olFHo]
298]l =L A ezt UHT H Ao A
Hrt 19999 1€¥€ole= dgRMe] o eixont 294 v A
Ae] F4do] 158e) A= BEFo= IESM et AT, 4H
C012 BO1Z 722 YX Y= B & #= F 718 EAjFoz

3 AA BolHT ¢k 56X Fof] F=E QO 111 Flg 3bEE),
Co1°) BOIRTH :20] 1°C A& YolythFig. 7b, 1€ vhix 2+
x), o]gfs BAX 9] A7 el #5717 F IE 224
F7t GE o= olFHYUSE *Wt‘z}t}. 8, 48l T ¢

TAAde] 2¢ell Hig) 258 E] HE o2 o]FEHglew el
T4 ek A Th AAed R x—izoﬂ Pt 58 &390}

oxshe 193 294 8] =AM Z0| Zrtsigt)

URIME| S2(I )
AN BA% PHREE Fshe BRI

Flg 9} 7t} palo] g HE 7ER] wHe] AAEHIE 1998
290 R Be H-AGGFT HEFZ B34 #=
5]91‘:]'. Ao - Thge} Fo] AT FE 4



334

co1 Ccoz Co4 Co6 DOt EC8
— —_—
£ : €
| -
4 e
g I8
oy
O L1004 a) ’ i_ [a)
i
1' T (0 ] Te0
| Feb., 1998 Jan, 1999 |
A0t 50— —
34030 ELd 30 330 3230 33030 33
AD1 804 BOS Bo6 BO7 808 BO9 B1C co1  co2 Co4 €06 DO1 E09 co1 co2 Co4 Cco6 OV E£09
0+ -- 3 0
Lo X
3
_ — _
E 1 E E
£ = =
=3 a =1
o} @ ©
Q. a . . (]
S(%) (%) ; S(%)
Feb., 1998 Jan., 1999 | Apr., 1999
_ —t 150 ———————— T ——
34030 340 330 e 320307 340 3330 33
A01 Bo4 BOS BO6 BO7 808 BO9 B10 co1 Co2 Co4 €06 DO1 EQ9 co1 Co2 Co4 cos D01
0 L J.__T o+ —4t —l—do 04 -t L Jng‘ -
| : S
J 2 : b N 256 T
{ ~ - o ) S .
| R g & - [ A .
— — 50 i © . —_ 50 - N
£ E & \ £
= = E .
£ £ | £
o o o
Q. O 1004 IS Q 00
! o . o [ o
\ Feb., 1998 Jan., 1999 Apr., 1999
150 +——— T L 50— — T -150 T T T T T T T
34°30 e 33130 3 32030 34 3330 3 3° 370 kE

Fig. 8. Vertical sections of temperature, salinity and density along line B in February 1998 (a), and line C in January (b) and April (c) 1999
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Fig. 11. Distributions of sea surface temperature using AVHRR
image at local time in February 1998 (a), and January (b) and April
(c) 1999.
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