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Abstract

In this paper, we have investigated the tidal characteristics of the Nakdongpo estuary. We
have carried out the analysis of harmonic constant with the use of the recorded data on tidal
level at the Gadeog Do tide station and analyzed the flow velocity data obtained by ourselves at
two points in the Nakdongpo estuary. In addition, we have analyzed the variation of the mean
—sea level.

Typical items of the characteristics we have found are;

(1) The principal harmonic constants and non—harmonic constants are shown in table 2.

(2) Tide in this area shows the semidiurnal inequality.

(3) The mean—sea level is shown to be depressed at the rate of about 1cm to the rise of 1

mbar of the atmospheric pressure,

(4) (i) At K, point,

The E-W component of the velocty reveals the nature of progressive waves,
The N-S component reveals the nature of stationary waves.
(ii) At K, point,
The E-W component shows the characteristics of progressive waves to some degree,
The N-S component shows a weak hint of stationary waves.
(5) At K, point, S-component is predominant due to the flow of river.
At K, point, E-component is predominant due to the Tsushima current.
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E1 B4 7bE FoT AL A Aol 4Y AFY elA ¢ 4 g whsk 2ol M, S,
Ky, 0,9 449 srfolrt. 3 2Ae] Bifgell Solomd K4yd 29, 3¢, 4w £=5 #
B EERE veldAl Heh M, S, M; Y £2E2 ol Bz {5Het e = &
{(Table 1) Principal Tidal Harmonic Constants.
Symbol Names of Partial Tides Egﬁ%egieisgi Perio}iloégs solar . Coefficient
i Semidiuinal Component
M, f‘ Principal lunar 28.98410 12.42 0. 45426
S, Principal solar 30- 00000 12. 00 0.21137
N, Larger lunar elliptic 28. 43973 12. 66 0. 08796
K, Lunisolar semid iurnal :} 30. 08214 11.97 0 05752
Diurnal Component
Ky Lunisolar diurnal 15. 04107 23.93 0. 26522
O, Principal Iunar diurnal 13. 94304 25. 82 0. 18856
P, Principal solar diurnal 14. 95893 24.07 0. 08775
Q Larger lunar elliptic 13. 39867 26. 87 0. 03651
Si Meteorological d iurnal 15. 00000 24. 09
Over Tide
M, Lunar 1/4 ‘ 57.96821 6.21
S Solar 1/4 \ 60. 00000 6. 00 |
Mg Lunar 1/6 i 115. 93642 4.14
Compound Tide ‘
MS, | (My+Sp) ; 58.98410 6.01
2MS, M,—S,) ' 27. 96821 12.81
OMN, | (M;—Ny) | 20.52848 1219
2SM, (S:—My) % 31. 01590 11.59
]
| Long—period Component
Mi ‘ Lunar fortnightly 1. 09803 327. 86 0. 07827
Mm ‘ Lunar monthly 0. 54437 661. 30 0. 04136
Ssa 1 Solar semiannual 0. 08214 4382.76 0. 03643
Sa Solar annual 0. 04107 8765. 52

= G.H. Darwin(1907): Scientific Papers, vol.1. p.20—21, Cambridge University Press.
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() A4 A% 3/4+ M/E) - R/D)& AT olx Fol 4w AT 4+4 ot oA & G2
, 9% 0¥ @adte 444 4 GE, C, C, C 5 C2 ¥2 cwos@e A3 A
23 ool Qg Wk FE vE, v, $E BAFE AR HupA A WA g oA

HES ug Fod (DAL
=G, - 1G,+ C-cos(v+u) &)

o FUE 2 4= gAY, dekd F 225G, G, Crcos(vu) 2 FHEA vru=0"9d = L
Z, v+u=180°2 w =z} HAv},

adel, o] o] B HUIAE Wwael A +ER doned 4AA AFsAAE A 2
e QAAE A3} g4 b

debq o Aol 4A] 2L AFA QoA E T2 A% A4 RES AFT M
Eg 7ba] Folokut Rek, mAS Fojok ¢ A& MM (Phase lag)olzh F2Ev] o3& Kz A

AR gk, o] e ¢ ARdA v 4T ol ek
webd] olA AR A AA #HE2E Bxe ALY Rojut dkd A Ex9 HEM T
=R cos(v+u—K) (3)

2 ZAE.
R slufep obzr wWabebAl = 1e] 2 F4E Hel b R=1 - H2 ¥& 4 oo sehd (3)

Ao

¢

=f+H+cos(v+u—K) 4
2 ulFe] 2 % oA Heh 474 K, HE & &AM A9 nfad Aol ofg% of &t
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t=o7b & flirhel glol A KAHIEE viu=veruzh Fu $E FEE nolzh shd (4)

p=f«H-cos(vo+u+nt--K) 5
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p=H, « cos(nt —{o) + L Hi - cos (n;t—{;)
=B, + cos nt+C, » sin npt+ 2 Hi cos (m;t—C;)
(=}, By=H,-cos £, C,=H,sin {,)
A7NA Hy & L& Tite 29 454Gz 4o b8 $23+= X4 7132 439
EE f= 3539 540 °P‘/]EP TEHY F4eln A Lzel gl ghe] oln] Aldlsle] 5=
et gleme 23849 £ddAe 4%t A2 g,
PE E, T,% T3v 29 72 33 6)RA 6 cos nt, sin n,t 5

Feha t=oo) A t=P-
T, 7+ A ﬂvs}fﬁ

SPT"U-COS Nt - dt

B" 2 PT,+ Y Hi- o j” o {sin( ZZ — '>+sin Ci} )]
SPT"r) esin n, ¢« dt

” -PT, +ZHz~(Mf~f Nl {COSK v—«27rp Cz) cos C_i} (8)

7b 5l $] Aoz PT, 7 ad S48 = 543 2 A% AxAel A

A A5
{cos , 2 PT, cos
H - Qgin G }=?T: Sa 7 {Sinn"t}dt ©
& vebd o QL3 w4
PT, car) 4+ (PTo, AN
H,= PTo U 7+ COS Myt dt> +( Sa pesinn, t dt) | (10
£, =tan-i— fp » cos not - dt

O esin not « df an
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3. MW Kk

FIDWHTLE el 7kx] kel Mg Agsoxn glaw o &S
Darwin ¢ J5i%(G.H. Darwin, 1883)"

Doodson &) 5 (A. T. Doodson, 1928, 1954)%

Graphel] ¢J&t J#:(C. T. Suthons, 1959)%

- SR WA e Rl o] &5l ##:(G.H. Darwin, 1890)1®

B ggkikel 9% A4(W. Horn 1960)'"

Fourier &} 4o €3t v (D.E. Chartwright, D.B. Calton, 1963)!*
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1585 = LHM 14.492055 Br7b = o] 33 Fe] kA9 148591 150 25 M, L2042 14856 A
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a=Lp= Tl as

7 2gesin
7+ Rt
a S PR A# (Augmenting factor) P} 3-2v}, § A4 & 4 dRe] a pal FATH, &
R el g 5A5E Gl Reldh
g, Sl £3E Sy Sy Syord] $28 EIALL G498 lolmz oldBe BAL K
T b, (13)44 g3 ALE = EF5Aee bl 2o

P 1 1 I 2 I 3 J 4 ) 6 } 8
) 1. 00286 ] 1. 01152 1.02617 i 1. 04720 ] 1.11072 1. 26920
1. By U FEBARHIF
4.1 HU=EXE

2 el A ol £% Bl 2AAEE MES BT 19814 104 144 19821 94 30
o1 7kx] A7t #E3 #Fz o]

ZAAZ6 AL ATE Fuss 1 Hliliigegel ol 3 - #4481 1982 94 28 4 4-H
3007k eFRaEA K, @ Kol A A 2547k A &l Azkebet 53 A%E o 35k

S8k« g&EAd = TSURUMISEIKI 8 CM, %8 - #5418 ol &3hgl

S

19814 108 194¥ 1982 99 3047k 1wl WAl 5 gses 10, (11)*‘01]
st vy 23 FAS Aske % 29 vk @5, o] sk YAst] ol o] FAFH= J
2ol Tk AR B % 24 Agvh 23 264% 19823 19149 4 2xE 21F
328 gk AGA 2 AFAE alaste) Bk

1 & R R (ML HL W, L) =km/29 W19

PRI (M. L. W. L) =km/29 I¥; + 6 B§ 12 4>

J 5. (Spring Rise) = 2 (Hm+Hs) + H’ +H,

ANEA (Neap Rise) = 2 Hm+H’ +H,

SE g (Mean Sea Level, MLS.L.) =M, +5,+K,+0,

K2 (Spring Range, Sp.R.)=2(M;+5))

/N (Neap Range, Np.R.) =2(M,-S))

s v (Highest, HOW.) =A,+ Hm+Hs+H’ +H,)
— 54—
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{Table 2) Principal Harmonic Constants and Non-Harmonic Constants{])
Yearl 1 g g 1 1981i1981 19 8 2
. 10 i1 , 12 1
Compon Symbol | Semi- ’ Phase | Semi- | Phase | Semi- | Phase | Semi- | Phase
ent y range | angle rage angle ’range N mg)e [ range mgle
I SR Pt > o T T T
2 M, Hm ]l Km ! 54.7cm| 239.4°| 55.9cm{ 238.8°| 56. lcm[ 241.3° 58.1cm| 236.2°
[} H
z S | H | Ks | 263n| 26247 26.1 4| 263.5% 25.9 #| 267.27] 28.0 | 262.1°
] I |
o K, 3¢ ' K" i 7.2 0| 26247 7.1 263.5°9 T.0 ] 267. o¢ 7.6 nl 262.1°
5 ! :
g K, H K | 80w#| 159.2°] 7.6 «| 155.6° 6.8 #, 159.5° 7.5 u#| 147.9°
= | | | i
= Py Hp | Kp } 2.7 #| 159.2°0 2.5 4] 155.6°| 2.3 # 159.5°| 2.5 #| 147.9°
: | i |
01 Ho | K, | 45w#] 142.1° 5.2 132.8° 4.0 7| 141.7°{ 4.5 n] 121.9°
) ! |
2 M.H W.I. 8h 15m 19s 8h 14m 04s 8h 19m 14s ( $h 08m 41s
3 M.L.W.1 14h 27m 19s 14h 26m 04s 14h 3lm 14s | 14k 20m 41s
§ Spring Rise 174. 5cm 176. 8cm 174. 8cm i 184. 2cm
o Neap Rise 121.9# 124.6 7 123.07 | 128.2n
é M.S. L. 93.57 j 94. 81 92. 81 ! 98. 1 u
3 Spring Range 162. 0 u L 164.0v 164. 01 , 172. 80
& Neap Range 56.8 7 69.6 60. 47 60. 27
Z Highest H. W. 194. 87 187. 41 183w ' 183.7 n
Principal Harmonic Constants and Non-Harmonic Constants( ] )
== Year o | o | , 5 | )
— T BEEE | 1982 [ 1982 | 10382
T ont { A
} 2 | 3 { 4 | 5
Compo- ‘ Symbol | Semi- | Phase | Semi- | Phase ‘ Semi- | Phase i Semi Phase
nent | y ‘ range ’ angle range angle | range mgle | range angle
e T i , N
| M, | Hm Km } 60.5cm 230, 4°] 59.2cm| 236.3°] 50. gcmg 241.0“( 60. 3cm|  241.3°
*;; ‘ S, Hs Ks | 23.4n; 266.2° 26.9 #| 270.7° 21.9 ,,} 271.1°| 23.7 | 255.3°
2 | ! } °
g P K, HY K* 6.4 #, 266.2° 7.3 #{ 270.7°1 5.0 #| 271.1°| 6.4 #| 255.3
&) ; !
g ‘ K, H/ K’ 6.4 1 134.41 8.7 # 149.4° 6.9 u‘: 143.5° &2 ») 152.1°
g i Hp Kp | 2.1 Hi 154.4% 2.9 #| 140.4°0 2.3 148.57 2.7 v 152.1°
] | | i
= | O H, K* | 450 1205 3504|1812 51w 120.8° 5.3 0| 141.0°
} |
2 M.H.W. 1. r 7h 56m 41s | 8h 08m 54s gh 18m 37s gh 19m 14s
s M.L.W.L 14h 08m 41s | 14h 20m 54s 14k 30m 37s 14h 31m 14s
{
§ Spring Rise { 178.7cm | 184. 4em 175. Gem 181.5cm
© Neap Rise ] 131. 97 | 130.6 131. 87 134.1n
g M.S.L. ! 94.8v 98.3w 93. 8 97.5m
E Spring Range ' 167.8%  172.2# 163.6 7 168. 0 #
T Neap Range . .20 | 64.6u 76.0 73,20
2 Highest H. W. d 17830 | 183.24 185. 8 194,40
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(Table 2) Principal Harmonic Constants and Non-Harmonic Constants([)
I Yeal ;982 | 1982 | 1982 198 2
™ T/]T _— ! .
Compou- Symbol | Semi- | Phase ‘ Semi- | Phase | Semi- | Phase Semi- | Phase
ent ym : range | angle | range angle | range | angle | range | angle
l 1 ' i | ‘
2 M, Hm | Km ‘ 55. GCm‘ 247.4° 55. ()cm[ 230.7°] 54. 0cm 240.0°! 54. Ocmi 249.3”
g ‘ | : | s
2 8. He | Ks | 225 n] 271.5° 27.9 ! 248. 1% 23.7 #| 265.5° 25.1 #| 269.2°
8 ! i i : i i :
° K, HY K ‘ 6.4 ”i 27167 TG ¢, 248.1° 6.4 #| 265.5° 6.8 ¢ 269.2°
g | i : i ; H ?
2 K, H | K 1 7.3 159.97 7.5 40 148.0°1 7.5 #| 154.9°) o1 #] 160.8°
i i .
) I | ! | i
T P, Hp | Kp 1 2.6~ 150.97 257 148.07 2.5 | 154.9°1 3.0 #| 160.8°
O | Ho | Ko | 450 13757 460 1580 42| 19.9° .00 1390
. ! i i 1
%’: ‘ l M. H. W. L | 8h3ims52s | 7h5Tm 19s | gh 16m 33s { 8h 35m 43s
1 H ]
3 P ML WL | lih 43m 525 14h 092 19s 14l 28m 33s 14h 47m 48s
=~ H H '
S | Spring Rise | 170. 0cm - 177.9cm 167. 1cm 170. 3cm
@ ! Neap Rise boo1es.ow | 1221w PooeTa £ 1201w
! I !
& | msL o 90.9v L 050~ o se4n | el
3 | Spring Range o I8.27 | 165.84 155. 4 L i58.24
o Neap Range A Y Y TV 60.6 | 57.81
g ‘
Zz | Highest H. W, | 191. 1w L 399.0n 197.8 7 P20l 1w

Computed

——o~— (Qbserved

-

S T T U O N T N O Y O W
T2 3

L 5 6 7 8 g 19 1M 12 13 14 15 16 17 18 19 20 21 22 23 24 hour

Figure 2. The Principal Component Curves
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zeddd e K@ LU 9¥dF Fad Aoz Add g3 49 $F F, fEW
(Meteorological tide)dl] #3F= zatsted o,

Qubd o2 FEAFHAA Zl ot sl =} AW sE-E -lom/mbarel Ao d#A et
Azl Aol A A& A A AR E S 2¥ 34 x99 vl mal Mgkeh

cm ' mbar
130 '

T T T T [ T T 1 1T T 7 T T |0
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60 I 980
81/10 11 82/1 3 5 7 S month

Figure 3. Averaged Monthly Variation of Mean Sea
Level versus Atmospheric Pressure

IS A9 AFRAE Wi Azol, A Bolt sl vrkie o -lom/mbar ¢ W3
& QA st 2 4ADL Bl F 2 geh,
29 4 GFET FTAL, A4S 2T FFAD, 0F % ASLENg DAL v &

ol e},
44 %@ - EEEEL SR

GA B T HEA K, 2 Kold Q& 48 455482 4 o sjde] 24548 Lofns]
kel 24 BhlE 2ALLT E AT il B HEEAY ARHIAL 2d 24345 )

b B ghe}
4.4.1 @i
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3

°c g/cm cm

swosk L T L0 T 1 T 1T 1 4ns
- 0—— M.S.L. ]

- +—--=M.S,L, Corr, -

30 1027 | 8——Densit 1.,
B Ity o _1 0
| A Sea Temperature | _|

25 1026 / / 105
— \~‘D\.\ o 4. —

- u\ _/07[q,/,/ \\A -

20 1025 |- 9\/< —100
: /.'; \ __:

15 1024 |+ / -\ — 95
N _

— j N \. ? i

10 1023 |—a._, " \ / — 90
— 1 -

- \ / ]

5 1022 o J i/ — 85
TN .

oo L1 1 1 L L [ [ 1 [ g

1 2 3 4L 5 6 7 8 9 10 month
Figure 4, Averaged Monthly Variation of Mean-Sea Level,
M.S.L. corrected, Density and Sea-Temperature
4.4.2 WRS WALKAS HHE
HAL 24 LIRSS BB LGN B %6 ATk APA 5428 DA
Z o] v (Antinode), W% )T vhel (node) s} HASE AAsHE ekl Aoz AR

Ashe] 542 ATk WS $14be] 00°A e Aoz 2AsHY AE vk 1 &S Aw 2

8 9 A =) £
B8 AZE n, ZAF 7, F5E v} Fod
=%, * C0S k: + COS ni (14)
V= x/igf «sin ks« sin nt (15)

(5}, k:z2AStY W, g THAEE, b FAD

K, AR AL ol e B4ste H4o] aaaA depdeh, 280 K, ARl AL olH 3 54
ehdA gskeh
4 A% 35 AAAGe] FAAIL = o] HAFAAN REAAN Arhe] A&
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f‘igure 5. Current Ellipse at K2
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Figure 6. Time Variation of Velocity(N-S Comp. ) at K2
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RN RN ER RN ER R EER N RN e
190 }_ 0 —- Tidal curve — 40
170 |— o --— Velocity 4 30
150 f— — 20
?\ /o’o\o N
130 — /’ ‘)(o 0" "o — 10
10 o, M 28 J/ \q 0
LN o/ ‘u\ FAY /nf“\
80— >6\ 7 AN e N AN \a —-10
/ o\ o/ u& \,/o \- //
70 — © o/ Q o \/ —-20
\O—O/ U/
50 }— —{-30
30 +— —-w0
o Lilire bbby b bbby

08 10 12 14 16 18 20 22 24 02 04 06 08 10 hour
Figure 7. Time Variation of Velccity(N-S Comp, ) at K3
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