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Abstract

The characteristics of the long-term ADCP currents

observed in the Strait of Jeju, Korea.

To find out what are the major causes of the variation of the current in the
Strait of Jeju, the temporal and vertical current structures are examined, which are
based on the data obtained from the ADCP mounted at the bottom with a
trawl-resistant frame for a long period of time. Cross-spectral analysis shows that
local winds and large-scale sea water circulation seem to highly affect the
currents in a low-frequency band. In EOF analysis, the barotropic component of
the wvariation represents 66% of the total, which 1is composed of two
sub—components throughout the whole period: a nonstationary short—period (2~10
days) variation, and a steady-state-and-longer-period one (over 20 days). Time
series reconstructed by the barotropic component shows discontinuous seasonal
signal in a reasonable manner, which seems to be drived by locally-strengthened
density currents with seasonal variation. The currents in a high—frequency band
show that semi-diurnal tidal currents and inertial oscillations sensitively respond
upon the frontal system. However, the geostrophic component indicating the
characteristics of the frontal system shows only about 23% of the total variation
of its linear regression in a principal axis direction, while the pressure gradient
force by the sea level difference between Jeju and Busan represents about 109.
No effect of tidal residual current was shown. Summing up of these two factors,
33% 1s still too small as major driving forces, which implies that the barotropic
component of the current seems to be greatly governed by the wind friction. In
conclusion, nonstationarity caused by weather variability must be another

significant factor in the current system of the Strait of Jeju.

Key words: barotropic component, frontal system, geostrophic component,

pressure gradient force, wind friction, nonstationarity
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Fig.1. Distribution of water masses and current system in the Yellow Sea and

East China Sea.



Table.l. Previous observation results by direct current measurement

method in the Cheju Strait.

Author Date Magnitude
Mar., 1974 45 cm/s
Kim (1979)

Aug., 1974 115 cm/s

Beardsley et al (1992) year round 10.0 cm/s
Chang et al. (1995) Apr.~May, 1983 9.3~125 cm/s
Chang and Kim (1996) Apr.~May, 1983 9.3~125 cm/s
Suk et al (1996) Apr:; 1995 10.0~20.0 cm/s

Rho et al. (1997) year round 9.0 cm/s
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Fig.2. Seasonal variations of the northern boundary (34% isoline) of

Tsushima waters areas in the East China Sea (Kim, 1990).



Fig.3. Weekly composited sea surface temperature (SST) from infrared
rays image on April, 1999 (upper panel), 2000 (lower panel) received

from Korea Ocean Research and Development Institute (KORDI).
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& ARgstdon AF5 dFE ATt fstel A 1A 1HA ] AR

E o] &3] FF7] VAEEZE AT 60/ xR v X3RS AAst

i
i
N,
i,
>
)
ng
B
b
=
w
(e}

Rom xRAES AAGL F2 AF Aol tieke] half powerol A cut
off #3547} 0.456cpd?] Doodson X0 filterS % -§3}o] low-pass filters} i t}.
Fig.11& A}8% 30% smoothing filter® Doodson XO filtere] F3}<4= k-$-3}
5 247} YR o (Pugh, 1987).

(2) SST #A=2] Az
Fig 1214 & - T3] dafjdol 23 wolzl 1970 sl tate] 1998
d 8ollA 19999 7TE7HA ghael A el Al NOAA 12, 145 =5-¢ 3}
of H4 1A Hol 97k FalE oF 600MB 279 SST dAA=E F
stttk -4 1970 2hlel diste] & 5670 AAS AdEske] Zhzbe] Al

%
g 1de] BE5e AN AR Sadn. 2oy AARRE TEol

—ut

Mol SR 4 LAY oRbelE AVHRR AlA7L Aoke @o] ponw
AR QAL 7P e S Bol EFeta o] Ame Wol P pw
Aolglth, e B o g8 & ot AU ARAFY FENA WwA ZA4
of WHI AL B oA SANH OF TAZAY ¥ Fe ARUL

Aestel 7th HES A AT ARE LA AHgSaT

vheh I, 2AA R B AAA R d AMgstal 9lE 9= Proudman

Oceanographic Lab.o| A Al &dtE= TASK2000 Z21#8S Alg35to] A7)
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VNAEZE A3 607 BExz Z3EA st HEs A4S AAZ T Fig.
10014 Ho]d X0 filterE o]&3to] ADCP A& A glol Aot mpzrhx] Wy o

2 %ol low-pass filterdt Tl low-pass filter® ZX A5+ {2 o] F<

J

= A7 Sl AY9sA el 9714 a ) (inverse barometric effect) S #l| 781 7]
Aste] AT FAo] ZMAHEE= low-pass filter® A FolAM e vitew
tllem/F1mb® 719t EA s v A F4ke] =M E = FAke] V|qto R
714EA skt

2) A HH

(1) Power spectrum, Rotary spectrum ¥} Cross spectrum
Fo48 542 siotsly] 99 B4 e2A power spectrumE T4 of

UAx AxEE vobsl rotary spectrumS A uFE AR Ao Al A ek}

FALNHE AFEE F7HA717] Y8k 50% over-lapped
window & 283l A4 A5 & Zte oy Ao AAdS 15 FEd
HEsl oS JAE Hdsle] ~HEHS FAT ES

e}, wpx ko

)
=
job]
5
=
5
0Q

33kt
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DOF L Gpp> DOF L Gpp>
2(DOF,a/2) =< Gpp < ,(DOF,1— a/2) (1)
1;1_0: 1- g%/ (POF-2)] (2)

(2) Wavelet power spectrum¥ Complex demodulation

sy AAG Aol s ARHE AAT A BE T

AA QL ARbel whel Wstele X3 91440l o7t Al fvh. Wavelet2 A
9o Zdolo] wl ZAH= BE Fugol tiste] IAH R Witets WUF
W YAS FEteE A el whHolth wkH Complex demodulation B 24 &
A FaEAE Ags] da de & e Fakgo] fiste] mA AR W
state E3 A4S 7 F de HHet AR E o] AT AMEE A&
g 22 79 DOGY Mexican hat¥? 22 7| Aggol vl& F3t4 &

5ol A or Hoju ~HAER FA gHd 2 (3)9 HigT FE 9
Morlet WaveletS A}F8(Lau and Weng, 1995, Wang, 1996; Moon, 1998;
Jung et al, 2000; Lee, 2000)3t 2 (4)olA A= YZA scale¥] 1L trans-
lation® @] A daugter waveletE 3} A A A E(x,)S convolution % &3Fe] 1}
FHES stAEY. 28y A5 Aoyt Aes 3 ALk wjo] ALt
EEE FZ7HA717] 95k 2] (5)dl ol &l fourier &7Hdol A convolutionS 3#
dottom & Fejo WHEH(FFT)S A&ste] Fool fwighsto] st
st WS ARRsER o A ()0l oal EI f1dS Aost A (7)e ¢
& AlF 7S Aol gt (Torrence and Compo, 1998).

B(n)=1 e %2 g=6 (3)
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N—1

Wh(s)= nzzoxnff’o* [ _s ], x=complex conjugate (4)
N—-1 .
Wh(s)= ;()x(wk)f’o*(swk)e’“’k”& (5)
_; Img.
Amp.=|Wo(s)|, Phase=tan™ "p,,;, Power=|Wy(s)|’ (6)

2
22(2, a/2) | Wal(s) P < | Wa(s)’< xg(g,lz_a/g) | Wa(s)1? (D)

EAlZ complex demodulation HZY-2 2 )3 #o] AAE x7F XE(Ry)

I Y (@)ol Alztel me WgttE 7MY slell HEAaATE 29T 4 9ler
Fub A 48 AW demodulation® 2] (9)el A 24 F-E wo]ZE A3
A& AREske] A (10)ed olste] X3 974e] -3l X th(Bloomfield, 1976).
| L .
xe=Ricos(At+@)= "9 R expli(At+ @)} +exp{~i(At+@)}] (8)
yi=xiexp(-iAt)= 9 Rexp(i®)+ o Riexp{-i(2At+ &)} 9)
R=2|y:|, ®=tan™ JM&R@M (10)
(3) EOF ¢} EEOF
ADCP A z+= 7242 S =7F mol Ak ¥rto] ofyet 1 2+
25 AFHoZ Ay B F e FHo] Uk mEA Al - T HEAASE E

Aol AN = Qs AIRPE Y BEA Aags(EOR)E teAd Z2ad

3l tH(Emery and Thomson, 1997)

N(I;J):[V(I,J)_V(I,])avg](linear detrend)/o; I:depth, leerlgth (10)
C(I,I)=[N(I,J)xN(I,J)T]/(J-1), T=transpose matrix (11)
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N
2 C(LD)#(1)=2,8,(1), n=1,....,N mode (12)

N
Zl¢n(f)¢m(l):5nm (orthogonality condition) (13)
N
An(J)= 2 VL)~V ]ane] 9(I) (14)
N
VL=V, Dagt 22, An(J)8(1) (15)

21 (10), ADel o3 A5 Feo FYaAPE S A AT Eqt 38
S FASE o9 ;E Fae AALS 4 (124 LHFA(A)E ik A
7b =w olw) FElAE ufWE d(DE ABIA AT (EOR)EEH 2
(13)9] AnFzAS e 2 (12), (13)9] nH/* A4S SLATEC %+
g gholH gl AHFE SSIEV.FE ©]§3te] Pentium 800MHz PCel 4 GNU
FORTRAN77S. &2 ALbst Atk wkAlze 2 2] (14), (15)°14 Z EOF R =9
AHAIRE Tt AAES Attt 384 8 A w5 (EEOF) = A
Zte wakg Al g8 Akl 99k #Zo] ALkt Hrh

A Az

1=

o
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Fig.5. Map of the Cheju Strait and the South Sea with major isobaths in

meters. Location of long—term ADCP mooring station was shown in

a black triangle.
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Fig.6. TRBM ADCP on the sea surface before bottom mooring in the
Cheju Strait (Chang, 1999).

_19_



Crl1eju Strlait

o
T

Roll.(%)
L o -
]

Pitch.(%)

' '
N -
T T

10F .
1 L 1 1 1 L L 1 1 L ol
60 90 120 150 180 210 240 270 300 330 360

Julian Day (1999)

Fig.7. Time series of heading, pitching, rolling, and bottom temperature for

TRBM ADCP internal sensors.
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Fig.9. Power spectrum of the echo intensity and vertical velocity (upper

panel) and the u velocity and v velocity (lower panel).
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Fig.10. Daily mean anomaly of back scatter strength calculated from echo

intensity (upper panel) and daily mean vertical velocity (lower panel).
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Fig.11. Frequency response functions of 30 minute smoothing filter (upper

panel) and Doodson’s X0 filter (lower panel) (Pugh, 1987).
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Fig.13. Mean speeds, directions averaged in the whole observation period and the

vector plot of mean current with depth. Direction measured clockwise from

the north.
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Fig.14. Stick vector plots of low frequency currents in the Cheju Strait in every

8m depth.
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Fig.15. Progressive vector diagrams of low frequency currents for each

depth.
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Table.2. Basic statistics of low frequency currents in the Cheju Strait.

Direction measured clockwise from the north.

Depth |u mean 0 vV mean o Speed MKE EKE Direction
(rz) (cn/s) | (em/s) | (em/s) | (em/s) (cljn/s) Dir.) (cm’”s%) | (em’s) MKE/EKE stability
10 12.4 12.6) 4.1 5.6 13.0] 718 849E+01f 1.30E+04] 6.54E-03 0.8]
14 14.0 11.7] 4.3 4.9 14.6) 730 1.07E+02[ 9.80E+03| 1.09E-02 0.8
18 14.6 11.3 4.3 49 15.2 737 1.15E+02[ 841E+03| 1.37E-02 0.9
22 15.2 10.8 4.7 4.5 15.9 7270 1.27E+02[  7.13E+03] 1.78E-02 0.9
26 15.7 10.5 52 4.6 16.5) 718 1.36E+02[ 6.23E+03| 2.19E-02 0.9
30 16.1 10.4 54 4.6 17.0) 716 145E+02[ 6.11E+03| 2.37E-02 0.9
34 16.1 10.0] 54 4.6 17.0 713  1.44E+02[ 5.32E+03| 2.71E-02 0.9
38 16.0 9.6 54 44 16.9 715 143E+02[ 451E+03] 3.17E-02 0.9
42 15.7 9.4 5.3 4.3 16.6) 71.3[ 1.38E+02[ 4.02E+03| 3.42E-02 0.9
46 153 9.2 5.2 4.1 16.2 71.3[ 1.31E+02[ 3.70E+03| 3.54E-02 0.9
50 14.9 9.0 5.0 4.2 15.7 714 1.23E+02[ 345E+03| 3.56E-02 0.9
54 14.3 8.9 4.8 4.0 15.1 715 1.13E+02[ 3.21E+03] 3.53E-02 0.9
58 13.5 8.6 44 3.8 14.2 720 1.01E+02[ 279E+03| 3.62E-02 0.9
62 12.7 8.1 4.0 3.5 13.3 726 885E+01f 2.22E+03] 3.98E-02 0.9
66 11.8 75 3.7 3.4 12.4 728 766E+01f 1.69E+03| 4.53E-02 0.9
70 11.0 7.0 3.4 82 11.5 726 - 6.60E+01f - 1.27E+03| 5.21E-02 0.9
74 10.2 6.6 38 B4l 10.7 72.4( 570E+01f 1.00E+03| 5.70E-02 0.9
78 9.4 6.3 3.1 3.0 9.9 720 4.93E+01f 831E+02| 5.93E-02 0.9
82 8.7 6.1 2.9 2.9 9.2 71.3[ 4.20E+01f 7.27E+02| 5.78E-02 0.9
86 79 6.0 2.8 2.9 8.4 702 354E+01f 6.66E+02| 5.31E-02 0.9
90 71 59 2.8 2.8 7.7 68.8[ 293E+01f 6.39E+02| 4.59E-02 0.8
94 6.4 59 2.7 2.7 6.9 67.3[ 240E+01f 6.27E+02| 3.82E-02 0.8
98 5.7 59 2.6 2.6 6.3 659 1.98E+01f 6.19E+02| 3.20E-02 0.8
102 5.2 59 2.4 2.6 5.7 64.71 1.64E+01f 6.09E+02| 2.70E-02 0.7
106 4.7 5.8 2.3 2.6 52 642 1.37E+01f 5.83E+02| 2.35E-02 0.7]
110 4.3 5.7 2.1 2.7 4.8 639 1.16E+01f 553E+02| 2.10E-02 0.7
114 4.0 5.5 2.0 2.6 44 63.6 9.81E+00[ 4.97E+02| 1.97E-02 0.7]
118 34 5.2 1.8 2.6 3.8 624 7T41E+00 4.01E+02[ 1.85E-02 0.6
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Table.3. Normalized residuals of u component calculated at 10m, 34m, 82m

and 118m.
10m 34m 82m 118m Mean
Residual RMS, cm/s 16.39 13.88 9.41 7.38 11.77
Normalized residual 0.44 0.38 0.26 0.25 0.33

1 T[
Residual RMS(0, )= \| T .IO

U(t)-T, ()] dt

Normalized residual=9,/0u (Teague et al., 1998)
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Fig.16. Stick vector plot subsampled every 8m interval of predicted tidal

currents from harmonic analysis in the Cheju Strait.
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Table.4. Eigenvalues and percentages and cumulative percentages of the
total variance explained by the lowest six modes of empirical

orthogonal functions for the low frequency current.

Mode Eigenvalue Contribution (%6) Cumulative Sum (%)

1 24.3 43.4 43.4
2 12.6 224 65.8
3 6.2 11.0 76.8
4 3.2 5.7 82.5
5 2.8 5.0 87.5
6 1.7 3.0 90.5
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Fig.28. Wavelet analysis of the time coefficient for 1st (upper panel) and
2nd (lower panel) EOF mode. Black contour is 10% significance

level.

_54_



Fi

structed from mean value, 1st and 2nd EOF

g.29. U, V currents recon

_55_



Bottom temperature (°C), 124m.
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Fig.30. Bottom temperature obtained from bottom mooring ADCP (upper
panel) and along strait normal velocity (lower panel) obtained by

NORI in the Cheju Strait.
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Fig.31. Wavelet analysis of the time coefficient for third EOF mode. Black

contour 1s 10% significance level.
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Fig.32. Wavelet analysis of the time coefficient for fourth EOF mode. Black

contour is 10% significance level.
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Fig.33. Tracks of typoon obtained from U.S. Naval Pacific Meteorology and

Oceanography Center / Joint Typhoon Warning Center in 1999.

_62_



Jmpu el (1738 148 H, 1ER0ETE

1o Mong St {crsec) Foea LW ' 1L
| ?1 TOURE

5,-1 L
'I. NI H I i" | ﬂ.

GI"I:HMEI'HI! I:I'I‘I-I':!l&t]

&y
b

. Depth (m)
cEEEARE

e

siseabebes:

. Depth (m)

TRd |.I| 20 20 ?;'D
Julian Day (1999/0%04-12/23)

Fig.34. Along and across strait component of low frequency currents.

_63_

b oL & B 3

= £ B & B8



1 .,I | ij .ﬁ J{l!

i LA
i ! 31'- A s | 4
1|5l |
WS | 11

il ||l|l

i D U100 Wl -

m
Al Doorg (1995 KARR

ey

m
|

I

reconstructed from EOF mode 1-~6.




HE5A T viATeRs i

_q]

i)

ﬂq
Nk

_—

=
T

3)

AdHst Jeje] 843t 1149 Ale] €]

B

-

437NN GEF B

ke
|

olt}. cross spectrum

b

3 Abele] ST ¥

3} 7+

=
=

o
22 &

3T

9]

of

Jo] HF7F vtgol A 4em/s

e

=
=

° oolAe v

-
.

= uEbsd

= ol =A A

bkl obs]

S

2] 50% ©]
§(Rho et al, 1997; KORDI, 1997; Nam et al.,

9]

o
4o
-

o

4o

= 2~ [e)
TE RS 0]

al
=

=
T

=
%)

o)
o
3

N

gl of =

s

1999; Boo, 2000)

2 THPond

a4 %

3 (Wave) 7ld o]

A%

ral

Coastal trapped wave ©] &S 3}ajjol

A

o
T

and Pickard, 1983). Pang(1987)

Fs o™ 1 Wave

S

Fich, whep

S

= ]

3

-

w9 HrF9 shear T+

754 o] th(Aken et al, 1987). &3]

9]

A

(s
o

3

fedol vhehte

9]

2 A4

0|

3

=1
=

Aol F53AHGong, 1971). &

Fol Lee(1983)¢} Lee et al(1984)

S

-

il = oo}~

3|

Fa oA

11l A

X
R

&

_65_



Ptk wEka Eds
4 2t} Fig.363%

0]
=

Faloem Kim et al(1991)
[e)

°

stoll A F=A

S

18 F%ol

I

o A

el

ol &

o

Fig.37& Z+7 1999y o NFRDA<9} NORIo| A A

ng

B
i)
£y
A

ol

e

r

_
)

-

o]
o

o

N
e

el

)
)

=

T

3

¥
5

1)
843 11€¢ Bulk

Al

1R

317 o] 1tk (Bowden, 1983). 1&]1}

[

-

1 =+ A Richardson &% YeEld. =4 Ri. &7}

P 5=7F v o} shear S

Fogleh e SloM FARE o8 A
Z-otth. Tableb
b

-

R

7

=

10~25 A= 73

el
Richardson

ok

=

j—

</

o

ol
<
3

A

s €3

Fo] shear® e}

of 0dy

+J,46_&

6¢€ 2 10¢
0z

}

pA

44 A (Benoit, 1994)e] 9]

N

fite)

o] shear 7&7F Wi Ak

=
S8

3f

A 2]

%

Ef

Jo] & el Fig39: A

o
H
nE

0

A

-
T

tol 843} 114 P4+

[<]

3

a2 8dol HANWE 7]
55
_66_

=
=

Ax &
E A% peak”}

RS
-
R

<

o

(Chang et al., 2000).
o} 11€e] FHugjol] o]=



¥ A 11¥ Afo] 9

}

o
pal

o] 31

mﬁEHL.
2]
Mw‘woﬂ“Wom_rﬁﬂly‘Ul
uﬁ%@%%u@ww% =4
LL.LOHLI . —
o wa N RS %o og o w0l o
mNDﬂWEO}A%J% wgn_mlmw_ﬂzu_wﬁa%ﬁ.
1¢m%@_vo_g_.ﬂ LA_,oxlei wn_oarﬁl
o ] o op B _zwﬂﬁ#QgL HTﬂﬂo)c,wr
u&v Ot = EH <A s Ba &o XA w % OE E._: O —_ HL o = En_
mﬂ%evﬁao@]rﬂ_ﬂ ﬂﬂhﬂmﬂ?%.g%ﬂfﬂaﬂwhg
= o <) X = N 1% N oo ! Njo [ (= o Lom 3 N 4L
ﬂwr%% = < EEAFATQE.% %FA,C,%M
o | 5 A w e T == BN Ao o W H e = e = = ©
= N b <= B R T X ~+ o X o =
S o = 5 il GO g =7 F R o
momﬂoﬁaﬂﬁl o o i;ﬂodﬂ%% ar.yma;
TS ® D v T RA.mio%i wgﬂlaé%
= o= ) mw 9 3 = =z = .vmb .m# AL_ m P = O % w3
q@ﬂﬂwr o o L o = mrm. o)y m@imﬁ_biﬂlﬂﬁi
).a«mmao L < Munnﬂu AWOM ﬂ 3r A " ﬂo—uﬂ ﬁéﬂloa
g P T e T w X o . ) o ® = U womod
911‘_ — %o EJ\.D.I,I 0 s Olﬂ]w_.glorﬂ R H
1A4}%1,mﬁu.i}\ao§o - o_aﬂoc%
2w _,}x%ar4x&_1u %WﬁA)c@% 5
.V].“y WIM i < = =y \Io ol (B e - 0 ~ - < X i o CURER(S N SRS
oo M = @ o o ST = g S L S T =
45%\%oomcmﬂ%mhmsﬂﬂ#ohﬂﬂ 3r %mﬂu,M
= B W = o B ) < - e .1% I a o 2 i
##ﬂﬂ@w@é%ﬂA%@%a _:gmzlyﬂﬂfﬁx.ﬂ
_ﬂém1% A aOATﬂA%ﬂ%oSd%% o~ Y
. A - N z o F o ¥ NN S L
Ewrﬁi#iﬁﬁeﬂ#qEmﬂzo%%ﬂ%aﬂou ﬂ%x
oy W 2 X T X Y w5 W <° < ] 0 o0 ol o} Hyl 4+ 2 =
@%ﬂo@mEmﬂ@ﬂwmwmj%ﬂﬂfrwo%oMAT% S 8§
f 3 ol __ ]1r.
ﬁoﬂﬂﬂgﬂﬁwqfﬂ%ﬂm@wgaﬂmﬂ?@xﬁawﬂm
éﬂqu%ﬂewﬂmﬂ%JHomnmroﬂvoﬁmoﬂ chy;b
5 o s B = X Y o o B0 o) ™ woT
BRI T 5 < M o % B oW Co ] T e 5 5 % %
%%%m@%EH@@Ot%%MWﬂvmo@? @,@w
Aaﬁfmw#@o%wﬂ wﬂwoamo_u&ECAogW
_— ,I‘O —_— —
B o 1W o ° = ot Mﬂ W d %_N o ME T o
o ol 3 o oy
2y1__/lﬂ_H0t001_| L.LA, h
.,OATﬂHVﬂﬁ m%romﬂ
ﬂ@%ﬂuﬂ%%
EL:%%
N

- 67 -



Freom ¥ o Po) How old Ui AFUAAE EuT AL
AR

A FaAS HoFET. C-lined Euhd AgHo] ofE Ao Hs] F==HAL
7F A7) g2 A FQ sFeE o] AS Ay g oer a2 AF
7F ALl ¥ A Aoz VA 4 vk a2y Al digslide] FEe

AR A& Frlete FEle AdWEE Hlu(Yi, 1966; Toba et al,
1982; Mitta and Ogawa, 1984; Pang and Kim, 1990). o]} 7ro] Arubmo] =
ol S FIREY AW E ol & =t ASHd e drbdRs
7F e Hoz st W, JFHAE dvidFRae REWUSUF TF
d o7 ZE3 1 9 (Pang and Kim, 1989; Pang and Hyun, 1998). w}z}

Aohe dgdmee] gadgon ok KU

o] 2
AFE ok ARAE AAdTh ek SR FAEA AFUGA

_68_



el ke 15

k-1

Fig.36. Horizontal temperature and salinity distributions from each standard
depth obtained by NFRDA in August, 1999. Black area means very

low salinity value.
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Fig.37. Horizontal temperature and salinity distributions from each standard

depth obtained by NORI in November, 1999.
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Table.5. Richardson numbers calculated by vertical density gradient and

velocity shear in August and November, 1999.

Density | Mean | Velocity Gravity |Bulk Ri. [Local Ri.
Month ] ] Depth
gradient | density | shear accel. | Number | Number
5.05 22.84 5
Aug. 5 5 | 0.30m/s | 124.00m | 9.80m/s™| 2990.29 | 24.12
kg/m kg/m
2.33 24.40 5
Nov. 5 5 | 0.30m/s | 124.00m | 9.80m/s” | 1288.55 | 10.39
kg/m’ kg/m’
HA
Ri. =-875P _(Bowden,1983)

B
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Fig.38. Observed and calculated velocity profiles referred to 100m depth

using the hydrographic data obtained by NORI and NFRDA.
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Monthly value Annual Cycle (Cheju & Chuja)
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Fig.39. Monthly mean sea level at Cheju city and Chuja-Do (top panel),
and sea level difference between Cheju city and Chuja-Do (bottom
panel) based upon sea level data from permanent tide gauge

stations during 1988-1995 (Chang et al., 2000).
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Fig.40. Linear regression analysis results of along strait current at 10m vs.
Cheju-Chuja SLD (upper panel) and vertically averaged along strait

current vs. Cheju—-Chuja SLD (lower panel).

_74_



40N

34N ;

28N ;

7 A TSST STATION. MAP |
gpN AT N e T

118 120 122 124 126 128 130

Fig.41. 56 stations selected to analyze SST data observed by Satellite
NOAA 12 and 14 from July, 1998 to July, 1999 in the East China
Sea and the Yellow Sea. The study area is divided into Areas 1,
2, and 3, each of which includes 16 stations, to see their

time series in Fig.42. A, B, and C lines are also selected to see

spatial SST gradients in Fig.44.
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Fig.43. Horizontal distribution of the monthly mean SST (°C) in Feb., 1999
and Aug., 1998.
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Table.6. Results of tidal harmonic analysis for u component at 10m.

NO NAME SPEED(DEG/H) PERIOD(H) AMPLITUDE(CM/S) PHASE (DEG)
1 Z0 0.0000000 0.00 11.1159 0.0000
2 SA 0.0410686 8765.82 3.2787 131.3870
3 SSA 0.0821373 4382.91 4.0873 115.9030
4 MM 0.5443747 661.31 3.6971 150.1000
5 MSF 1.0158958 354.37 1.7307 299.9320
6 MF 1.0980331 327.86 4.2249 262.2180
7 2Q1 12.8542862 28.01 0.6278 153.4240
8 SIG1 12.9271398 27.85 0.5097 144.0850
9 Q1 13.3986609 26.87 2.0409 218.4600
10 RO1 13.4715145 26.72 0.7209 138.0960
11 o1 13.9430356 25.82 9.1062 320.2830
12 MP1 14.0251729 25.67 0.8781 308.5000
13 M1 14.4920521 24.84 0.7990 135.3390
14 CHI 14.5695476 24.71 0.1241 308.3450
15 PI 14.9178647 2413 0.7950 114.0300
16 P1 14.9589314 24.07 3.1167 223.1290
17 S 15.0000000 24.00 1.4848 123.0200
18 K1 15.0410686 23.93 9.3448 223.3380
19 PSIi 15.0821353 23.87 1.8602 326.4590
20 PHI 15.1232059 23.80 1.0265 216.9310
21 TH1 15.56125897 23.21 0.8216 7.6100
22 J1 15.56854433 23.10 1.5916 294.9690
23 SO1 16.0569644 22.42 0.6380 153.8620
24 001 16.1391017 22.31 0.8083 107.5830
25 0Q2 27.3416965 13.17 0.5130 72.6080
26 MNS2 27.4238337 13.13 0.2511 177.2260
27 2N2 27.8953548 12.91 1.3484 125.5830
28 Mu2 27.9682084 12.87 1.1320 118.6570
29 N2 28.4397295 12.66 6.4651 244.2540
30 NU2 28.5125831 12.63 2.4056 1563.6430
31 OP2 28.9019669 12.46 0.3645 287.6820
32 M2 28.9841042 12.42 41.0544 334.7860
33 MKS2 29.0662415 12.39 1.4396 60.6420
34 LAM2 29.4556253 12.22 1.2055 125.8200
35 L2 29.5284789 12.19 1.3257 94.7010
36 T2 29.9589333 12.02 1.7869 229.2360
37 S2 30.0000000 12.00 16.1319 244.2450
38 R2 30.0410667 11.98 0.7005 88.5860
39 K2 30.0821373 11.97 5.0917 230.4230
40 MSN2 30.5443747 11.79 0.5294 196.5780
4 KJ2 30.6265120 11.75 0.2670 334.5600
42 28M2 31.0158958 11.61 0.5889 312.1610
43 MO3 42.9271398 8.39 0.4488 305.7730
44 M3 43.4761563 8.28 0.0431 257.4360
45 SO3 43.9430356 8.19 0.5590 357.2380
46 MK3 44.0251729 8.18 0.4031 61.7630
47 SK3 45.0410686 7.99 0.5776 323.6530
48 MN4 57.4238337 6.27 0.2632 174.3570
49 M4 57.9682084 6.21 0.4987 328.9300
50 SN4 58.4397295 6.16 0.3679 242.5680
51 MS4 58.9841042 6.10 0.6581 247.7270
52 MK4 59.0662415 6.09 0.2535 205.7340
53 S4 60.0000000 6.00 0.4524 268.2380
54 SK4 60.0821373 5.99 0.6025 172.0130
55 2MN6 86.4079380 417 0.2016 68.0230
56 M6 86.9523127 4.14 0.1434 186.3910
57 MSN6 87.4238337 412 0.0840 148.7800
58 2MS6 87.9682084 4.09 0.0995 39.3580
59 2MK6 88.0503457 4.09 0.0563 307.1910
60 2SM6 88.9841042 4.05 0.0432 215.9260
61 MSK6 89.0662415 4.04 0.2291 163.7000
62 MA2 28.9430356 12.44 1.4026 355.0350
63 MB2 29.0251728 12.40 2.1237 285.4240
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Fig.46. Tidal current ellipses for 9 tidal constituents as a function of depth.

The sense of rotation 1s also shown for each component at each

depth.
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Fig.47. Monthly harmonic analysis results of u (upper panel) and v (lower

panel) component for Z0 constituent as a function of depth.
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Fig.5l. Positive (left panel) and negative (right panel) rotary components of

band—passed near inertial oscillation current at each depth.
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Y =0,75309% + 11.9458
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Fig.59. Linear regression analysis result of along strait current at 10m vs.

sea level difference(SLD) between Cheju and Busan.
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