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Long-period Sea Level Variations and Continental Shelf Waves
in the Yellow Sea and the East China Sea

Ig-Chan Pang

Department of Oceanography, Cheju National University, Cheju-do 690-756, Korea

The analysis of long-period sea level variations with tidal record data in the Yellow Sea, the East China
Sea, and the East Sea shows that about half of the variations is due to atmospheric causes and the rest
half seems to be due to the water movements. The sea level variation by water movements is the largest
in the coasts along the Tsushima Current and becomes smaller in the coasts which is less affected by the
current. It suggests that sea level variation is related with the Tsushima Current. To analyze sea level
variations qualitatively, the theory of continental shelf waves is developed over the bottom topography of
the Yellow Sea and the East China Sea. The dispersion relation is derived and the reflected free waves
is solved for incident forced waves in the Korea Strait. The application of the theory to the sea level
variations shows that the long period Kuroshio variation propagate to the Korea Strait as forced waves. The
wave continuously propagates to the East Sea through the eastern channel, but reflects in the western
channel due to bottom topography. The reflected waves propagate southwestward along the East China Sea
as free waves and determine the sea levels with forced waves.

Key words : sea level variation, long-period waves, continental shelf waves, Yellow Sea, East China
Sea
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Fig. 1. Location of tidal stations. Stations for spectral analysis are marked with small circle.
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Fig. 2. Location of meteorological stations (no
data in Russia).

Fig. 3. 16 tidal stations for analysis with meteo-
rological data. Corresponding meteorolo-
gical stations are shown in Fig.4. A com-
mon data period from 1965 to 1985 is
used.
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Fig. 4. Meteorological stations for analysis with
tidal data. D1 to D16 correspond to C1 to
C16 in Fig.3.
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Fig. 5. Spectrum of barometrically corrected sea level variations from each mean sea level. Spectral
energy is converted to amplitude in cm. Listed values are the amplitudes of seasonal variation.
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Fig. 6. Spectrum of air pressure variations from each mean pressure level. Spectral energy is conver-
ted to amplitude in mb. Listed values are the amplitudes of seasonal variation.
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Fig. 7. Spectrum of air temperature variations from each mean temperature level. Spectral energy is
converted to amplitude in C. Listed values are the amplitudes of seasonal variation.
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Fig. 8. Contributions of air temperature to sea level variation. Unity means that sea level variation

is totally determined by air temperature.
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Fig. 9. Spectrum of wind speed variations from each mean wind speed level. Spectral energy is conve-
rted to amplitude in m/sec. Listed values are the amplitudes of seasonal variation.
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Fig. 10. Contributions of wind to sea level variation. Unity means that sea level variation is totally

determined by wind.
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o] 2% olfT WSR2 Fo| Wl "Foth
59 Zo] & g 4 3 LA/ hori-
zontal divergence effect)”t =Q3A0 WE%F
Aol HyEEo FaF FgL vk
gy Ml e 552 150~200 m
o) 5544 uet M -8F Pgez ¥
. ololH)a) sk e tER T HPEA| g
Gi-o] #ebMo] ssjuto g Yook 35
Ho Yol g MdsiA £459 3
= 09 ti§2(double shelf) o2 o]FoiA
o 28 5 He dEEoR MY B¢ A
2Ql # o] BaiA7] il HA7IME FF
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& Eo} FZaHE wE} Gk BE AP
#igtdo] 32 shie %S BEo] A=
R} 7] Wgolt}, st =3 Wt H3Y
3 uhere 7tz x, y2 o g 3, sy A9
Wk s 02 3t 1, y, 252 47 FTelA
Q= A digHez, AFHelA
F32 912 Fahes g Fo] Wz Yo
o, x=02 W SE3 Y HAH, x=-B€ A
AAZA] HEHe AH, y=02 HESF Ui
o] thie 4, y=L& WY, =02 A+
ztz} gAgeh ol2|g HHEZ|A Boussinesq
Approximationo] &% A& e 71E3EH
(Basic State)oll &2 i@ (perturbation)o] 42
o fAe ohgel SEHAAS vEPn

w,—fv=—p+X, ¢))
vtfu=—p,+Y, (2
p.=—gr/e, 3
u,+u,+w,=0 (4)
o= o,N'w/g (5)

o7l HEHLE HolA AT AA 2od t=
AZrolth, u, v, wE Lt} x, y, 2 W] f&oln,
g FYIEE, o9 0 47t s HaU ot
2TE HyUcoln, pr TPE YHPOZ 0,2
ol grolth X, Y, f N& 4% x y W9
2,2 U old 9478 (turbulent stress), 22
2 W4(Coriolis parameter), &334 (buoya-
ncy frequency)©lt}h. F2A| 2 s { 2] wito] o3|
B iS58 ge F FF7]so]r] dEd
27 22 A (approximation) S AMHEE ¢

glt} (Gill and Schumann, 1974).

a é 0

52.(/, 5<a (6)
o] ZAlel &) (D, (2), ()AL 33 o] &
F Ak

v=‘3,—‘ (m
I 1

u=—3 }Hf (8)
_ " Pa

W=7 (9)

(M, (8), (AL (A7 H&o] &3 2
73 41 (vorticity equation) & %3},

ks

pﬂl+ﬁ(p1_;l)z: (l,z)x

H23 A ZA%(Ekman layer) & A2 § o}
o] ZAIElE W (interior) e o] ¥AAL o
=3 2o] W

pn+ﬂ(ﬁ—‘ﬂ),=0 (10)
o] WAAle) AAZAL TheT gk

Pw'}'—rf_h-"fply:frz at x=—B S8y

b1=b. at x=0 (12)
Pt Sby= Dot fb2y at x=0 (13)
p:0 at x>0 (14)
PRt b bt fp) + (), = hrPu=0

at z=—h (15)
w——-—&Nz—“O at z=0 (16)

7|4 e HsERHANMY yI g S FFH &
(kinematic stress at surface, that is, wind stress
divided by #,), r& #AuAAFZA }E A
qxe yiteF 2583 §-2(kinematic stress at
surface)olgt & of =2 2}t x=-B
()9 1A= 4ol EkmanZ FH(9) 9] 3ujell
AFshe Roltk. & (11)24]9] ol x=—B(y)
ol A Aol ziql Wake] Eg& e 2
A HEY o oo)gke 9ujeldh. (12)¢ (13)&
&2 Aaje] AAG=0) oA H5A LA
7 Hzpurekel f&o) 24z doleghs onlojth
(15)= Romea%} Allen(1984)°l o3& 3zl 3}
A73AZAIT (16)L ‘rigid lid’ approximation
< 9§t

FzA 879 Wald 93 mHFo] exp(ily+
wt) o] FRE 70k AA3H dHgel o W
3te o539 ol & £ Atk

p(x, v, 2 ) =F(x, 2)explily+iwt) an
o714 Flx, 2)€ th59 28 w&Este]o} it
f(f—b‘})ﬁ‘Fu:O (18)

(l—h—';)Fﬁﬂwa:O atx=—B (19)

F,=F, at x=0 (20)

Fu+£wF1=Fh+ﬂwF2 atx=0  (21)
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F,—0 as x> (22)
F2+A—Fh,(F,+£F) + O, +ih,LF,,)&=0
£ w w w ™ f
at z=—h (23)
F,=0 at z=0 (24)
A5 A2 (scaling) & & A9 dEF}E D
HARACE s2} 5 $HPAE Qz b

F gtk 289 (18)~(24) 42 5}—4 Hol ®
o

L.+ =0 (25)
n Dfl_. _ _

(1—7)F1‘+—;F1—0 at x=—B (26)
F,=F, atx=0 (27)
Fu+2ﬂ = Fut 2 Dﬂ at =0  (28)
F,—0 as x> (29)
Fot ENh,(F, + ﬂF) iOF), +irh F.]=0

at z=—h (30)
F,=0 atz=0 (31

4714 é:"%% Flx, 28] 342 0es 2ol

28 4 i
F(x, 2)=F9(x, z) + &FV(x, z)+ -

ol W 7b¢ *& A5 He e 2ok
F(O)

= N’) =0 (32)

(1- h)F‘lf)+?D£wF§°’=0 at x=—B(33)
FO=pp at x=0 (34)
Fo +?D ﬂwplw: FO +?DﬂwF‘2°)at x=0 (35
F—0 at x2>o (36)
F9%=0 at z=0 (37
Fo=0 at 2= —h (38)

(32) 213 (37), (38) A& F7} zo] E@Holg}
e Ae HAZE FY7 9Esle AAzZAL
(33) - (36)0lc}. 2apse] A 22 a3t zol
A,

(1—\—;,),+F£?)=0 (39)

(1—%)F1}’+-SQ%H":0 at x=—B(40)
FV=FY at x=0 (41)
F‘,})+§ﬂwﬁ’)=ﬂﬁ)+}gﬁwﬂ” at x=0 (42)
F"—>0 at x> (43)
FV=0 at z=0 (44)
%ih,(f*,“?")ﬁww’)—i(rf§°>),+irh,f‘,;”=0

at z= —h(45)

NEFIAY £ AMpske AN (field
equation) & (44) 212} (45) 218 o|-83tof (39)4)
2 HA=—hAN BAE=0)7H $3H0e
Ao e 2o A,

WO —iGF), +h O+ R 2poy =g (i6)

(34)~@37 e AAzAA A (46) 2L o
ZAY9a 5844 AF7gE Jehic
N%s?
e=Ns
7 <1
%91¢l AL frictionless eigenfunction G(x)=
FOx )2 B34 AAZAL dFEBAS H=
Hexp(2bx), A3llx H=H,2 BAsle A+¥
FH MAXNEY o (46)4F (33)~(36) 42
28¢ g1 ol HErth

(47

Gut2C,+26,=0  -Bsx<0  (48)
Goi— %G,=0 0=z (49)
o +L6=0 atx=—B (50
G,=G, at x=0 (51)

G.,+-EI:GI=GZ,+Cf 2 at x=0 (52)

G,—0 at x> (53)

4714 c=olh. #=4 f’~ AX7 BHE A

HoMe - l2=‘-_3’{‘}EJ‘]-(dlvergence effect) &
ALE-3 Aot}
o] Al9) Afut RAr#A (dispersion relation)

f Py o ohes 2ok

n_
_
f

= n=

tanh(nB) =- (54)
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Aty 732(long wave limit) & oh2 ol

vla) W Aol f4e

n=| bz—'%f%] wj tanh(nB)z—%

7} €tk no) AF 4w 42 vt glen=

(trivial solution), n& 3|solejok Tk n=im

(me A%F)olet @ o m=/ %f—b%]u%

itan(mB) = —i—?O]E_g tan(mB) = __b'?

o m 2L 47>0012 509 £>0012.2 >00]0]

o} &}, o] HWF Ao o] —yiFeR
g7} APsle AL vebdch F 5533 dS5%
AN A ZFE7] 2AFue dutsFe HEE Al
GAweo 2 Fsgict

FzA 8 Fe Wile F2ALAF FFT
sot vhle digt Fd A 7hg AA AgEy
1 ¥ F2AQHFE et +yddo s I
228)22 2 Forcing2 7= reexplilly—wt) 1=
HAR F ok o] df Ao 255 (wave
function) & $,=Aexpli(y—wt)12 EAEH (4
E g9 A, nhade FAS A FAste] g
A Al (wave equation) & o33 £t}

1
——hth=bT

71N e ASTe] F&olt} o] WAL g
el o33 Zo] MY

(585)

i?w¢l +il$,=btexpliy—wt)] (56)
i h=K-
¢1:br0e).(p[i(ly—wt)] (57)

iw, .

?+ll
o]AL FFZad Aug FHFo] HEHPeR
AoslE A ztel st gsoln xf-ate] Hute}
wiiebakolc), ZAAste AoE sl sy
o A $A3] whAlE HL- oS =L) A ¢=
0c] Ar} ZA g gEFdrPoRE o AL
TEAIL 4 glon o] UL NSy Y
A-5-3te] #7F gH Aok 7hesich g #F
B5(¢) ¢ AfTe] g5 (4) 7 FAHA 3%

5E g2 o
¢= ¢+ $,=0 aty=L (58)

a3 A9 B34 >00122 ¢,=Bexp

o 2

LGy+w)]e FANEHL7IM Be 9499 4
). [0l Ao BEHF(¢)E dAY3A
_breexplily+wt)]

w, .
—+1
c

8, (59)

o] AFHE 4& F AUt oA FRALHFY
wisto) o3 A Y ZAH7E y=LF A3 Yol
A ZAFTE 4N AE HAgEd & §F
Zafoll A e o e Heudko g And A
= oA FALE o} Gk 2 Hutg]
= AFE A2 A Ech
a8u dAlge 5538 0A MAatd FAgrt
ol A FA3] WAEAE g GRuto]
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2 A3 Faler FFIN s
Z Zolth. Chejust Mokpo? sz}
7} tiulsh # < (Sasebo, Moji, Izuhara, Mai-
rw) o sFEHs Pejols V2 Hoz FAP
4 gE HE Holv ZAe wAtE AR

of 12 N off of oL i rfr rir
o
to |o
ot



gaio} FEFTAA A5 FF7] Wate} A5

4 =

gael 58 22la FHANA HFHE F
F7143tE A7Ebr] A8 elvel A&, 2jAlet
F# e HE2E 2B 5 E EMF 4
A A7) ddle) vAE 714y 482 A
A groges o ¥ Fxoldt 7MY & FEE
nAe 892 7Igeld e 7 7Y &2
2 93to] FolAx} 7|t Jgke -2vtetst g
Aot Sl Me 2 50 % AEE oD F=2
A& 79 dolslF oA S 20~40 %2 %@
o} WY PFOoZE 40 % XY FFolt}. &
et el Me o2 Dol vlF] 7ige] st
7y 74 A 719be) Gdke] an g Ao} P e
71gtel Wale Zoy siekel Al ot Arw
Wairt 713 Zol A Ao g 71te] ko] A
Uehte i, 2 A7 ol tinldlF o
A e e 2o 97 HFAWst 271 o
Foll 7]9te] ko] A Vehdul e E
oA F e FFe) 712G Ao} #Fe
Me 433 AL oA SgdME 20 % ©
32 Jeluy, dAlze 910 % ASZ B
F &0l e Ao} s Mgt A4t EPE B
2 919 SigelMe AR Axz &t 714, 7]
L, F&d 9% sIgaes dde el tday
AsY Jrog B o i eHEEsty & ¥
Axohe Mg £7] o) UrR v g9
219 93] gt & 5 Qo) gt F
o] t}g Ao vlal righdzh 7i2dsyt 34
Rode slFumasl g & RHE o] g
w7zl diotal 7ot BAEHE Aol o
# g3 wrete R gAgh

a9} FEIENAA el Aldystel o
g dsadzie 23 84y FF78s &
HE202 b Jed 53 dEE
e SPANE 82 F ulEE ot A
Zo] Z7] Y 2ol 71 & 39L F2ALHF
W3l Zoldh 2523 U5 Wioez E
o S8 0 AFad o S50l FA BEgoe
2 AYst7]) fFo) FR AL F Wl sl
vt FHsldde] Foid AFe dgHgez A
g o Afues Agdd $£= glon A2
Aog dEse Frrores Qg8 o
Books mel FyA FH2 AS ddEY dE

At S HRE WEE A7 ARHE Tsu-
garu SfPo2 AL Hadd 5 Je Yo7l o
Foll 5459 #52 T2 4A A€o v
of AFzoME FHALLR AZ2H e d559
Fo] Fom FAAYY hFE WHo] AR}
P o2 Fatste Wakol7] gl Hyxe
e FHR AL AHr] JE0 WAEA
o 3HE ol YHke ALEE ZAIgte} whALE b
Abstrh A A gHge] fgtEe Aolnz dhg
UA7L ostd A2 wAbe A€ ¢ st
Mzl drastdle drlsffde] Hate o
3=l 3 FaltelA Astso] & Mt Yehd i
g oz Hod FF71HAF L AFzodAM tF
¥ e E AE & F Atk MFRdA wAtd
o5 AR FEIAY S w2t @A
Wako 2 Aaain] -eiete FF A Ay
Hol| FF¢E Fol vt AL Aty
Hej7h At sfraHte] Heis} 4t o
g Hug X8 Ten

8 o

i #E2g24H d5dy FFE
2A8 2 3t g, 338, T3 MM 7]
Aol Adte ANHAO R frEvste] v AxE
A Fof UnA Be FeEel A Ao
Bk SiFFod ozt LA AU
€ dotsFdel 7HE a0 diopslFe] I
A ge XAFE FobA AFAEsrt tots
Fo BANEE BAFES FF7] AFAHAE
FAHoz B 27 Al &} FTIH
AR Yol s B AEFHY )82 A
Mate] BABAE FEAen, dAFAHAM 2
A g7t wpAtel olaf AfukE FPATE HE T
Aot ANE dEST o]8L ArAARA 3
SA1A 2 AT F2A8F st o8 FF
Zajol st g5 Az gayer A
B gigal el ol28 JEALY HAFL F
H2 A4 dase O, syt dde] Fee
AR Holl 2js) wrALEHA] Eot RIALE gHE e A}
32§33 dSFES ot SAPEge A
gain] Beigon AYde BA e tEY
TEIHY srawsE 2AYsA doh



At Al

o] ATE 1993~1995'd &I FAG Ao
4 A7H(FAE L FFTH HFES AAA
ol o dinbdF2] 719l o3 FHHAS.

Asaoka, O. and S. Moriyasu, 1966. On the circu-
lation in the East China Sea and the Yellow
Sea in winter (Preliminary Report). Ocea-
nogr. Mag., 18(1~2), pp 73~81.

Beardsley, R. C. and R. Limeburner. 1983. Stru-
cture of the Changjiang river plume in the
East Chnia Sea during June 1980 : Sedime-
ntation on the continental shelf with special
reference to the East China Sea. Acta, editor,
Oceanologica. Sinica. China Ocean Oress,
Beijing, pp 243~ 260.

Byun, S. K. and K. I. Chang. 1988. Tsushima Cu-
rrent water at entrance of the Korea strait in
autumn. Prog. Oceanog., 21, 295~296.

Gill, A. E. and E. H. Schumann. 1974. The gene-
ration of long shelf waves by the wind. J.
Phys. Oceanogr., 4, 83~90.

Ichiye, T, 1984. Some problems of circulation
and hydrography of the Japan Sea and Tsu-
shima Current. In : Ocean hydrodynamics of
the Japan and East China Seas, T. Ichiye,
editor, Elsevier, New York, pp 15~54.

Isobe, A., 1994. Seasonal variability of the barot-
ropic and baroclinic motion in the Tsushima-
Korea strait. J. Oceanography. 50, 223~238.

Kim, 1. O., 1986. A study on coastal waters of the
China continent appeared in the neighbou-
ring seas of Cheju Island. MS thesis, Cheju
National Univ.

Kim, K., H. K. Rho and S.H. Lee, 1991. Water
masses and circulation around Cheju-Do in
Summer. J. Oceanog. Soc. Korea, 26(3),
262~2717.

Lie, H. J., 1984. A Note on water masses and ge-

neral circulation in the Yellow Sea (Hwa-
nghae). J. Oceanog. Soc., Korea, 19, 187~
194.

Minato, S. and R. Kimura, 1980. Volume trans-
port of the western boundary current penet-
rating into a marginal sea. J. Oceanogr. Soc.
Japan, 36, 185~195.

Nakao, T., 1977. Oceanic variability in relation to
fisheries in the East China Sea and the Yel-
low Sea. ]J. Fac. Mar. Sci. Technol., Tokai
Univ. Spec. No. Nov., pp 199~ 366.

Nomitsu, T. and M. Okamoto, 1926. The causes
of the annual variation of the mean sea level
along the Japanese coast. Mem. Coll. Sci. Ky-
oto Imp. Univ. A, 10(8), 125~ 161.

Oh, L S., A. B. Rabinovich, M.S.Park, and R.N.
Mansurov. 1993. Seasonal sea level oscilla-
tions in the East Sea (Sea of Japan), J.
Oceanolo. Soc. of Korea, 28(1), 1~16.

Pang, I. C,, H. K. Rho, and T. H. Kim,, 1992. Sea-
sonal variations of water mass distributions
and their causes in the Yellow Sea, the East
China Sea, and the adjacent seas of Cheju
Island. Bull. Korean Fish. Soc., 25(2), 151~
163.

, T. H. Kim, T Matsuno, and H. K.
Rho, 1993. On the origin of the Tsushima
Current (I) . Barotropic Case. Bull. Korean
Fish. Soc., 26(6), 580~593.

, and [. S. Oh, 1994. Long-period sea
level variations around Korea, Japan, and
Russia. Bull. Korean Fish. Soc., 27(6), 733~
753.

Park, Y. H., 1985. Some important summer ocea-
nographic phenomena in the East China Sea.
J. Oceanog. Soc. Korea, 21, 12~21.

. 1986. A simple theoretical model for
the up-wind flow in the southern Yellow Sea.
J. Oceanog. Soc. Korea, 21, 203~210.

Romea, R. D., and ]. S. Allen, 1984. The effect
of friction and topography on coastal internal
Kelvin waves at low latitudes. Tellus, 364, pp
384~400.



gael BF A seHy A7) At A FEHA

Toba, Y., K. Tomizawa, Y. Kurasawa, and K. Ha-
nawa. 1982. Seasonal and year-to-year varia-
bility of the Tsushima-Tsugaru Warm Cur-
rent System and its possible cause. La Mer,
20, 41~51.

Tomizawa, K., K. Hanawa, Y. Kurasawa, and Y.
Toba. 1984. Variability of monthly mean sea
level and its regional features around Japan
and Korea. Ocean Hydrodynamics of the Ja-
pan and East China Seas. Elsevier, pp 273~
285.

Uda M. 1934. The results of simultaneous ocea-
nological investigations in the Japan Sea and
its adjacent waters in May and June, 1932.
JIFES, 5, pp 57~190.

Yi, S. U, 1966. Seasonal and secular variations
of the water volume transport across the Ko-
rea strait. J. Oceano. Soc. Korea, 1, 8~13.

Yoon, Y. H., Y. H. Park, and J. H. Bong. 1991.
Enlightment of the characteristics of the Yel-
low Sea Bottom Cold Water and its south-
ward extension. J. Korean Earth Science So-
ciety, 12(1), 25~37.

Yu, H., D. Zheng, and ]. Jiang. 1983. Basic hyd-
rographic characteristics of the studied area.
Sedimentation on the continental shelf with
special reference to the East China Sea.
Acta, editor, Oceanologica. Sinica. China
Ocean Oress, Beijing, 270~ 279.

Zhao, J., R. Qiao, R. Dong, }. Zhang, and S. Yu.
1983. An analysis of current conditions in the
investigation area of the East China Sea:
Sedimentation on the continental shelf with
special reference to the East China Sea.
Acta, editor, Oceanologica. Sinica. China
Ocean Oress, Beijing, pp 288~301.



	서론
	결론
	요약
	사사
	<참고문헌>



