BSPE 00081-133- 1

RENBENA By BEEME
Daily Mean Sea Level Changes along
the East Coast of Korea

1987. 2.

@ B R 2 il R
WO WK



BERARTRE AT

*x FEEES “BE HERAA BFY BEBL” HEY R #EEE #H
et

19874 24 28H

BEMPHERERE BEWRM

HEEREE - F R = (BEFEAREN BEDEAEE)
W R R:X 2 X(REARH BEYEARE)
F R OB(X B B K B OR)



2 W X

WB FEol BT X, 53, LY, &5E mEATolA 1980 45 1982
Fr2 3EME FST mefF WEEMS FIASE AFH BESMLE 5473 ok
AEG RE 8MLES 377t £250m JE2 o FHo] LAz AEHA Th
She EE#ELES Hoy BEERS 5kx FUuth ARE BB AAT #
ERE-S 23 Bt KRE B8R 200m ol 4o & B Holn AAMEE
A RERETL 6 ~8omell 23k Fx, 55, T WIERE Aol K
< s Fou 5F A5 MERES (o] FEe WMEWEE wat Kel-
vinggot KEEMigeel MEHEI A stk dHo R T WHBHK B
WEEE Kelvinggiob =2 58 BEME S RES #HET KEMiL
o whE BRE Al






Abstract

Daily mean sea levels off the east coast of Korea were
analysed using hourly sea level data observed at Sogcho, Mukho,
Pohang and Ulreungdo during 1980-1982. Daily mean sea level
changes of the order of +20 cm showed a large seasonal variation
such that they rose during summer but fell during winter. The
levels did not respond according to the static theory (-1 cm/mb),
The adjusted sea levels have a standard deviation of 6-8 cm,
reaching 20 cm in amplitude at passages of cyclones in late sum-
mer. Adjusted sea levels at different stations are found to be
highly correlated and the sea levels at northern stations lead
those at southern stations, which is coincident with the propa-
gation direction of Kelvin and shelf waves. Observed phase
speeds with the southward propagation in the study area are
estimated to be less than Kelvin waves but larger than barotropic

shelf waves on an exponential bottom topography.
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Fig., 1, Tidal stations (®) and weather stations
(#4) along the east coast of Korea.



Table 1, Locations of tidal stations and weather stations along
the east coast of Korea.

Stations Latitude (N) Longitude (E) Data
Sogcho 38912"15" 128°35'47" sea level
Mukho 37932'51" 129°07'07" "

Pohang 36°01' 04" 129°23'57" "
Ulreung-do 37°29' 36" 130°54'50" "
Sogcho 38012 128°36"' wind, pressure
Uljin 36959 129925 "
Pohang 36°02" 129923 "
Ulreung-do 37929 130054 "

& Bigol FAT WEH Kawd (REFRES ) £ 19809 19 1U4H
1982 12931 7<) 3dEel @D Aolch WES vhAEHE B M BR
gRE FAS T BESES 1Y 3, 9, 15, 2140 (19 43) BAE &
BE Agsisdnh vhaBme 16 HirE FEslo] Bmshl o ol AL 0E,
HRS 18055} SEE RHE@ARCE mMES BNIEE mEgc =d
B w8 ADA H49 5 At mE (noise) & &) A BMdRe 2
4% A4 MBstch

2 —2 Low-pass filtering

BRgsdE B ts & FH#E72 a5 A7 o Feoll 1cpdo] 49
SRR Bt BRES ATHRLE FHES7] dd BRERES filtering 33t}
of A7k kel 8- ASERS] Rl 0.025 cphoilx] 50%, 0.03125 cpheil4] 10
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gl A= 1970, 147 BRdAE 191702 Dsidch 2 8o S4& 29
2ol #R3 upebzto] weight 7} ot 223k A2 S
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cph

Fig. 2. Low-pass filters for hourly sea level data
(continuous curve) and atmospheric pressure data
sampled at every 6 hours (discontinuous line),
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Wi 2 WERE BREl EANEE 2EE FAAT & 049 124
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# 7| ool EEBILE HARS7] Slstd BHE BHstd SiTEESH = K
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to-spectrum, cross-correlation, cross-spectrum% BR%l ST HE S ol &3t

o 7 spectrum3} cross-spectrum-& piece-average Fi-S ARSI piece ¥
~g|E2e Fourier Bk e @oha] 33t A4 & W42 Bendat o pi-
ersol (1971), Jenkins & Watts (1968) 7} #/R3 FHkat Bt
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Table 2,

Standard deviations for mean sea level (MSL) and

atmospheric pressure (AP). Units are cm for MSL and

mb for AP.

Perioh Stations Sogcho Mukho Pohang Ulreungdo

: MSL AP MSL AP MSL AP MSL AP
Jan., - Dec. 1980 9.173 | 6.549 | 8.676 {6,575 | 9.918 | 6,629 |10.286| 6,485
Jan, - Dec. 1981 10,129 | 7.497 | 9.624 %.094 9.409 § 7.525 [ 9.394] 7.192
Jan. - Dec, 1982 10.516 | 7.095 | 10,025 [ 6.887 | 9.903 | 7,090 | 10,013 6.841
May - Oct. 1980 7.965|5.059 | 7.873 |5.150|9.0335.100 | 7.215| 5.434
May - Oct, 1981 8.30§ 5.296 | 7.918 [5,137 | 8.237 | 5.322 | 7,076} 5,358
May - Oct. 1982 7.801 (4,748 | 7,411 {4,658 | 7,174 | 4,744 | 6.061| 4,858
Nov. 1980 - Apr. 1981} 6.747 | 5.036 | 6.639 |5.206 | 6.393 | 4.968 | 7.291 5.448
Nov. 1981 - Apr. 1982} 6.823 ] 4,749 | 6,501 4,514 | 6.133 [ 4.424 | 7.292| 4.642

RE7E 12499 R 22 AL HEMRS FHES Kgcs RFxd

3t 7] = ol o

3 — 3 barometric factor

B

E ‘]_L-
or

ol

TE
2

3h3l of.

= HEEE A= 7kA 7t

barometric factor

.

§(t ) =Db¥Y(t)

g7lA Y(t) &= Hft o4 KEE

- B

KEEB FiHkHd I3 ¥

b= o}23 7ol MM regressiono] 23|

AtE

2o KRB BEBbE wmme e &
barometric factor & A}&3}e WEY 4 Yl barometric factors -

Aot & WmEBAE Lie (1979) 7} AH&3 Hkg

b= priEsioF & barometric factor,
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S(t):= bo} Y(t)22E Es: wESkch #HKbE HMEEKIZYE oL

Al g o] &3l +& 4 9t
b=Rys(0)/Ryy(0)

o714 Ryy(0) = BsRLEE 00l4 KFES auto-correlationo]m, Rys(0)

= KEE} BERESS] cross-correlationo] o}, #Eo] ARER(Lo] =4 K
fste o2 714 3ke  cross-correlationo] EEREFE 0ol4 HFAES ZA 57|
ool RrEEEES 0o B3t od, WREC A W] olozo] BES Z
RStz 9l

# 32 £7) ER2EE &3 barometric factor o] 3EZFHE HASS It
B BRE RS BES vhozto] WAl barometric factors <
-lem/mb 2 @AWEBLS] KMol FEHEHR A REE F AT ¢+
At

Table 3., Barometric factor estimated from the linear regression

method. (unit : cm/mb)
Stations
Periods Sogcho Mukho Pohang Ulreungdo
Jan. - Dec. 1980 -1.01 -0.9 -0.97 -1.02
(1 year)
Jan. - Dec. 1981 -1.03 -1.02 -0.96 -0,99
(1 year)
Jan. - Dec. 1982 -1.15 -1.11 -1.02 -1.01
(1 year)
Jan, 1980 - Dec. 1982 -1.11 -1.03 -1.01 -1.02
(3 years)
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Table 4, Standard deviations of adjusted sea levels at Sogcho,
Mukho, Pohang and Ulreungdo for 1980-1982.

(unit : cm)

Periods Stations Sogcho | Mukho | Pohang | Ulreungdo
Jan, - Dec. 1980 6.34 6.39 7.56 7.87
Jan., - Dec. 1981 6.51 6.38 6.16 6.14
Jan. - Dec., 1982 6.71 6.51 6.73 7.23
May - Oct. 1980 6,22 6.11 6.77 5.95
May - Oct, 1981 5.70 5.64 5.73 6.44
May - Oct., 1982 6.41 6.31 6.33 6.29
Nov. 1980 - Apr. 1981 4,61 4.54 4,82 4,88
Nov. 1981 - Apr. 1982 5.53 5.13 4,98 5.46

dovt £33 S5 5ol FEER Bigo]l 2o Fodc o} A ol ¥
5T MRl 2eEln 232 Alel (Este e B8 ERSIe Ao
Azkeek wbd 609 BRIl A9 EREREsl HAZ 1dxs B Ha =
AgHo Bi7t A5 ol vl&] Aok AFH e/ ARG AL 8-9 49
of BEMEKESS Bl $ S i HE #Eh o2 Az

rS*—

4—-3 ~HEY

7t BREClA WMERES ~MEY WES s 2N EY wmEs 67
4 F& 1d7|7ke] Bl mas dx EAMRS S BrES7] sl piece —
average FikS FIASIY o}

z s(f) =-;—Si(f)
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714 S(f)= AEH {4 FF 2dEH oA, Si(f)= i~ piece
o] Fud fola ~HEF, pE piece AFrh Si(f) = Fast Fourier Tran—
sform& FlMsted @St 1 & &wHe A BHE THAA pE BHE
EEstdon 649 BM A% pT 1IAHE EED F obhsh e Turkey

windowd ©] data window & AF&3}gth Jenkins & Watts, 1968).
W(m)=1—(C(m— 30.5/29.5)%

A7)4 m=1, 2., 600]ch wepd 1d Age) A AFE7b 46, 67
4 A9 A% 260 ek |

1980, 1981, 1982 % £2, 53, %3, 559 WHERES] =9 EIE 2
2 5ol @metg o 90 % FEEAS ZRsAch 1980 EEgel = vl w2 8d
Btto) £29 2% 3.39, ZPolAd 55 3.T5UelA Gehbt BEeh &

o]m

SolAE Holx gch 181WEelE FTojAet 6~7.5U A 2
sadEy Ao Yoo 1982WEeld NBMM 5 5~7.5U EEHE
23 giet,

sl E ol A BENC 2 BEEMA wasld A HEe HHE 2]

m\o

oal 2 EH ] BE BREE T3 28 62 X, 53, ZFA
zb 7|7~ Edo)c}t, WIFEHREC] Fdiol whel Sl A oh27] = Fol

238 4) 29EH & ALY Sl thEreh 1980 o F Fxoh 5
Fol 4l 0.2 cpd 9] ol A7} of Z} EFl Az AA et ek 1981

d2 BASEEol 0.233 0.36 cpdol Al 7+ BHIBCIA kBEHCE et E
ol 4] 0.36 cpd oflvi X &= o Estch 1982w o5 FEzo| AHf SEI| #B
3t 927t gl wtdol £39 a4 e 0.23 cpd o S#Eel NS¢ Erf 1980-
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19824 Aol E 0.13, 0.23, 0.36 cpd 4| ARBAAA 29 EF 5z} hep)
'} 1980-1981 7 gol w8} =7t ubsieh

4—4 WIEREAIO| EMY

L%, 53, %39 MWIEREAl HEME-S H B S (cross-correlation func-
tion) ¢} cross-spectrum 447S 58l FASIA o}

£ 5& 7 717k BBl MEREC e gk ARGEC O &K MM
REE FeRBEME (time lags) o] 031 (124 7F) oA Yesieh dubq o2 &
LB W MBS £2, 53, TFAboldl HMGES BRABENEL £55 A
ol¥ct & g 23 Ak =3 BEBANEY I Al J5F HMREIT AL
Aol vlsl o ¢ oo o] 2 Qi 1981, 1982 HBAMREL H-¢ EA vehdct

Table 5. Maximum cross—correlation coefficients for adjusted
sea levels between two different statioms.

periods Stations| ¢ v | sp | s-U |M-P |MU |P-U
Jan. - Dec. 1980 0.93 | 0.82 | 0.83 | 0.85 | 0.80 | 0.72
Jan. - Dec. 1981 0.96 | 0.86 | 0.54 | 0.88 | 0.57 | 0.57
Jan. - Dec. 1982 0.96 | 0.84 | 0.68 | 0.87 | 0.68 | 0.61
May ~ Oct. 1980 0.92 | 0.75 | 0.79 | 0.77 | 0.76 | 0.53
May - Oct. 1981 0.95 | 0.80 | 0.39 | 0.83 | 0.42 | 0.49
May - Oct. 1982 0.96 | 0.77 | 0.39 | 0.82 | 0.40 | 0.24
Nov. 1980 - Apr. 1981} 0.95 | 0.88 | 0.84 | 0.90 | 0.84 | 0.80
Nov. 1981 — Apr. 1981| 0.93 | 0.80 | 0.63 | 0.83 | 0,73 | 0.65

* S : Sogcho, M : Mukho, P : Pohang, U : Ulreungdo
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Fig. 7. Cross-correlation coefficients for adjusted
sea levels between different stations.
Unit of time lag is 0.5 days. The positive
time lags mean that the adjusted sea level
at a northern station leads that at a southern
station. S is for Sogcho, M for Mukho and P
for Pohang. (a) January-December 1980, (b)
January-December 1981, (c) January-December
1982, (d) May-October 1980, (e) November 1980-
April 1981, (f) May-October 1981, (g) November
1981-April 1982, and (h) May-October 1982.
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Fig. 7. Continued,
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Fig. 8. Cross-correlation coefficients for adjusted sea
levels between Sogcho and Pohang., Unit of time
lag is 0.5 days. The positive time lags mean
that the adjusted sea level at a northern
station leads that at a southern station,
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(a) one year records,
(b) summer records, and (c) winter records.
SC is for Sogcho, MH for Mukho and PH for
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EellE %F4.5A7, 1981dEo]E 5AZAE wiE Ao vehyc)

64Y BHE AHEd T B BIEREY 1 — 27 BEEEE Bitstas
e = MRS 2 9lon] frigx =d 1960 — 1981 A LS BAS AR
B —XEWE Bt Aok £2, L F AHold AHMEH I35} LEo

2 vehte AR AEshe R R 6o BRI 22 ARl A

Table 6. Phase differences between adjusted sea levels at Sogcho
and Pohang at frequencies where spectral peaks are loca-
ted.

Period Frequencies | Phase difference Time lag
(cpd) (degrees) (hours)
summer 1980 0.2 -9.54 3.18
winter 1980-1981 0.2 -3.35 1,116
0.267 -2.40 0.6
0.4 -16.6 2.76
summer 1981 0,233 ~19.2 5.49
0,367 -21.2 3.85
winter 1981-1982 0.133 -18.8 9.42
0,233 -10.3 2,95
0.367 -13.6 2,47
summer 1982 0.233 -16.8 4,81
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ROE fm 2 HB

BBt (o 25 F2o WERE Zdolu S22 WEREECH L
o] wh2 o £ BRI (TAHE) BB —XEBE wnd-S B otch WEHK
oAl deoll A o2 #ETT F A BEEMEC 21 B2 Kelvin Fo} K
Wy Folch Kelvin Fot KEMEE LPRAA #ETHAS LEH o BERO]
AASHA et

Lz £ Ao] HERS KEL 1,000m=Z Fow Kelvin 5o Er#EE o
360 km/h AE 7} foh o2 3t EEEES 1980-19819 AL 0.29 0.267 cpd
o 4#EEE 250 2} 430 km/het & YA Y o2 B@ERE T E 94 F& ¢
T A+t

Kig Mgl MHEEE BEEF 25t s o RE#BR] HREK
2 ®7" 7 Uz HHW (wavenumber) 7} dichs] A & FEHE HHS —K
7t =o] HIEEEE —XxmBe 7]&7|7t = (Buchwald and Adms, 1968).
BEMmFCl Bl EXmBE RRE A5 —kaBo B4 71 #ERed o (Lie,
1983). #ZwM e WEHFCl D3] E3ctd dodrE REY v A
BEEE] 275 #ESH] e HHREBE RESS L2 2an R4
KBS 10m, sHgERAA KBS 1,000 m, REMHIES 50 kmZ &3k F AY
% 0.233 7 0.367 cpd o] WBHESS Lie (1983)9 #45Rol whet F&Eetd ch33
et

KB e L = 50km
e AHF £ =0.8 107*/s (dbfiz 3T %)
B B 0y =1.7 107% /s (0.233 cpd)



6; =2.6 1075/s(0.367 cpd)
T, = 6, / f=0.19
o = 062 / £=10.30
% B #m = KL=0.12
#, = KL=10.24

0.233 cpd o] EF#E L 8 km/h, FERL o 800 km=, 0.367 cpd ol %
#EE 6 km/h, PR F410 kmZ FHE=lo] Bl vlsl A4 2o RE
et TFolA KERMgS (AHEEZF 8 msl7] = sk (Lie and E1-Sabh, 1983 ; My-
sak, 1967 ; Wang, 1975) Fuf o] 42 AA 4 glch =hof s Kol o &
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Fig. 10. DBottom profiles off the east coast of Korea.
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