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Computation of Tides for Off Kyungnam Coast with Dynamically
Combined Two-Dimensional and Three-Dimensional Tidal Model
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Abstract (3 Two-dimensional and three-dimensional structures of tidal currents on southeastern waters
of Korea off Kyungnam coast were investigated via a series of numerical models based on dynamic
principles. With a two-dimensional-tidal model, tidal regimes of major eight tidal constituents (M,,
Ss, Ky, O, Ny, Ky, Py, Q) were computed. Model results showed that the computed results were in
good agreement with coastal observations. On the basis of these results, the model was further improved
to compute three-dimensional structure of tidal current in inner Jinhai and Masan Bay regions of the
model area where severe pollutions occur due to red tide by combination of the previous two-dimensio-
nal model and inner three-dimensional model. For this work, three-dimensional Galerkin-Spectral model
and two-dimensional depth-integrated model are dynamically combined by the method presented by
Davies (1980). In addition to the previous work by Davies, the advective term and quadratic bottom
friction term are included in present three-dimensional numerical model. The computed results of M,
tidal current ellipses with respect to depth showed general agreements with those of current observations
by KORDI (1990).
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Fig. 3(e). Computed tidal chart of N; tide.
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Fig. 3(g). Computed tidal chart of P; tide.
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Fig. 4(a). Computed and observed amplitudes and phases
of M, tide.
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Fig. 4(b). Computed and observed amplitudes and phases
of S, tide.
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Fig. 4(c). Computed and observed amplitudes and phases
of K tide.
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Fig. 4(d). Computed and observed amplitudes and phases
of O, tide.
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Fig. 4(f). Computed and observed amplitudes and phases

of K, tide.
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Fig. 4(h). Computed and observed amplitudes and phases
of Q; tide.
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Fig. 5(¢). Tidal current ellipses of N, tide.
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Fig. 5(c). Tidal current ellipses of K, tide.
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Fig. 6. Staggered grid system and linking boundary.

o f-3ta} 2153 vjaele ¥ sl 33 Galerkin-
Spectral R¥E AR A7, ¥z AR
A eheE ol 23181 Alatedgel SAARE
oA Azbe] WE 299 WIS FEE sk ¢
HE FAEYE Ao H4AA Y E F
A2 ¢33 2 XS 9F AAE 3 As)-upar
9] 3AAA AfEs AT 7 SEE 2
A T £ARYL ARG datd o)
time stepu}t} o158 5-o) wiAgete) e xje) AAE
Aste] A4 APWEE viH7PH S double
sweep U 33l3 g)d) 334 spectral B3 7}e)
AAFEAA 1 Fgko] wHEEE stk

A A7 diste rlgsid o 2t 3L
1914 71e3 71894 o] 2452 Fig 63 222
staggered grid systemol|A] W o] 3314 oide] F
FTHE AZE T3 d99 23 oA e
A0 7 A7ke] A Yghol we} & u, 05 AAts=T
A=k WA 2D gl el AR
T-3he 23 WbAAlS AEEE Fig 744 & 4
Uxe] 2D dQelA AEAE E7] faA, 2ym
2D 393 3DF Y] AA AN T2 E MF HA N
A uE 55 2 2% AARY A5 0% 7 4
1, o] ANl A = 3D G99 99}
FAREE 59 ¥} 9lojok )

3D g3k A BN AFAS FBF
A T g qdck o] AEL Alzte] Ay ule

w5 0,2] e TF 4 90T E DI DY)
AAR2A QAR 4EALRANAY FARED #
% ash ot PN oENY 7 5 sk

121': Z (Dr Uy Gy (24‘)
r=1

51': Z ¢r Uy Gy (25)
r=1

2] (24), 25)A A T w;, v 2D WARAlE E b
AL-g-5] o)zt

o502 3D upAA Y] ARE-S AR AL 33X 7]
Ep el aHEAlS o]43le] 3D FgelA & w,
05 4] Al AA T A 2D 49 3k
2D <397 3D 499 A e u, v A4 AAY
ur, v, 5 A3} Fhr

2D 499 siepiEsie 2xpde] A4 &8
AA st Ao z=n & 4 glal g 3D
Axte] Agte] shedAcl. e FEREL
A9 AAE Wb LARER F5 u, 09 FE
olth. AAW H-ZelA T FAFEH F5E F
Aol wel EuiEl & 4 sl B upE2 gl
wr2}A] eigenfunction®} u,, 0,5 F& $% A 2ok
B QoA AAEY u, vF T3] 98 AH4"
W2 AAES wepd A 12=9] o] fde] ¢
AEEE AAZ R 7P 22 E2H u, 0,0=2,
3:Myg 028 o] Al 1R=2] Flo] AAWHE &
Hihe 5o FALEE Jehidda Azhg

wpeba o]zhE ZhAElel] A (25), (25)E HE] A
1229 f&2

ft 1t o2

= —r 26)
o330

vy =—r @7
O

A7 u,i=v,,=0 =2, 3,--M)°] €rh
Heaps(1974)+ o= EA A4 transportE ZA
g o Al 1227} XA -8 H.9 3 Davies(1980b)+=
FAARE 53] $)9) 7po) 3340 At el A
A E A fERE £ 9E8S v)HR 452

glstedey. 27)124L g3} 2

N



188 BEFRR - FEAE

£=0:2D, 3D o AR
%=0;=0:2D A9 3D AAH] AA ¥
#,;=0,,=0 r=1-M):3D A HF} AL

SAAANN e PAWEe] FAFFRESE 002
e} 4 A GA ) & FARETRE u, v9} w,, v,0=
L-M)E 73817] fl8) A7k ol A t+ AR 7B B9
o33 e dEe A AAHE AXA Hok

@ 2219 AEukAR) Ao 2 0E] 2D 49 elevation
L+ ADE AAL

@ 339 AR 2 RE 3D 2392 elevation
&t+ADE AL

® uoll N 23] FHAA L2 2D 993}
TZ, A& AAAAANA ] A BEFE u(+ADE
A4k

@ 4] 26y °]&3d 2A @A FI AAH
N ut+ANSZRE w T AA

® uell o3 33 FFHAA 2 HE 3D o9
u,t+ADE AAL

® A )T ol&3td AAY Fda} Gt al
¥ 3D 499 « pointell A A HFR K wt
+ANE A4

@ vell N7 2340 FEWAA L2 HE 2D o=
&, @& AAARANANY A HEHE u+ANE
A4k

4 2NE o4t A @A F3 AAR
oA p(t+ AN ZHE v, & Ak

@ vell gt 3319 EFAA o258 3D 999
vi,(t+ ADE AAL

@ A @25 o)4sld A FE3} MZFd g
¥ 3D %499 » pointelld 4 BFH & vt
+ADNE A4t
OFE 07119 DA wE3re 2 7k ofo9 5
SRS, FARTHS, FAE fEE A2 AH
of wig} 3 4 gltKDavies, 1980b).

B delMe Ao QFel Brtste] A At
Hate] 2 Ao B vehE HE S Fofsle
004 8742 FAH+E location-mape Eadte] 2
A Aatd g3 32 AAG S a8l AAAAR
ol A=A Fo =M location-mape] LA B
wo2a AAY X9 2, 3xYY AT &
44 HAY ¢ A== 39t 4 FAuigre] =

-~

f‘}?ﬁ 5 v

Fig. 7. Dynamical linking boundary between 2-D and 3-
D computated area.

AL FA, 2x4AAGEr (C1FF A9, 23}
LAAGAI (o173 23, 3AAAARED (o]
Fi A, 3AJAAALII (ol73 23, ‘54
AAAAL (EAZ A, ‘FAHAARAAAL (FAA),
220 AAAA, 3D YA 7R = F
L2112

9]¢ 2311 A4l o] NAA = AW TS
Adstze 7] £ 220 FHEYY Ae¢ F
dstAl FAL A AGAAFEES 3 AR
o) M AAZAE A4sucth 24 AR AZTE
47 AR Az} SHEE FAR 3= AAAA
BE 3 Azl Axe ALY S 98l olF
o] Axre 32 d=E st

32 M, =AMTy

FEx) el vinE Fd A=HPE FAT 22
TR Lol A2 MyE-zel i AFAAZRTE 55,
535 2 E3e ANAACAY Aadq)et A
Nt AR A4k )l F-oJ3tL Fig. 7l A A=
AZAAE T3l s L vpat A9 33 5
A 2gg Agsiet dAAAE A5 AF HE
Al ¢ FAE Zhs 2R R dee A
ke s fEslel st & FE-S Ad™sslx
gl AtE 22 2yEAA & F URely
el 49 =707 wi$ AHoRAe AAFE AHY
Speny

E ATNE DAL DAY 25 A o)
A A8 HIEUATE 000258 F
o] FAIA AL ARALEE 234
95 FUS FUT modets LR S
T3 FE ASEn 9l 5 st o

tlo o



2RI B 3RT BE S EIVEALY 23 EEEe BYRE 189

AHPLITUDE AND PHRSE OF M2

.....

APLITUDE tea)

Fig. 8. Computed tidal chart of M, tide (2D/3D linking
model).
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Fig. 9. Computed and observed amplitudes and phases
of M, Tide (2D/3D) linking model).
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Fig. 10(c). Tidal current at 0 lunar hour (bottom).

Ack FF2H T3 MASZEAME FF Ajole
Rolx] ¢fom whitula) Asjuiwte R oF 2.5 cm/
sec®] Z7]9] WbAFo] 9F o2 Mol X, FFoAE
o] A9} s ;o] Uojd Ao A=Y
A% A%E e F28 FAo g wgEe) A7)}
A 0ell 7i7tel whibuinlae] st mEre] B3
AZolMe o8g Aolztz wAwEc)

Fig. 14(a)-Fig. 14(c) 3219 =3 2] 7 =qld Y
qhell 4] AubA o g Bp3Ho|x A7} 2L &5
EEE Ve gt FEeRA ukaAEere)
2F7E AAER Stk 231 2] 2FHUAEES
B A AF & AAAAE FALE 24
37t Fe2 ARA MR ANE dge R
FRE JFR L US4 F e o #7114

__ Fig. 11(c). Tidal current at 6 lunar hour (bottom).

o4 FAREre] 2ARAFA GARL o]3e] o]
Aejel WA Ae H5E AT 5 Ak el
9 % ok ARRY. Tt X A7 S99
239 FARYAAE o oA ot vler P
F7h AAR B o 9AEA @ gk, 33
Bye] AAAARIAN oFFE AsA ol
#2922 Qo] ShFe] Yol BT ek
FE ik 4749,

33 BEZREM % REHS vim

FEA8E e TholA 19803604 1983
742 447 AGAsle s s A 42 9o
2 BUEE AAY RS A% A7 ARelA
5 AR AAD 449 27 59 ARF F40



AR B IKTT BHOEARIERS) o7 Bk B ‘ 191

HASAN M: TIDAL ELLIPSES.
SURFRACE

M. T10AL ELLIPSES
HID-DEP

Fig.

. Fig. 12(c). Tidal current ellipses of M, tide (bottom).
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Fig. 14(a). Residual current of M, tide (surface).
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Fig. 14(c). Residual current of M, tide (bottom).
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Fig. 14(b). Residual current of M, tide (mid-depth). Fig. 15. Tidal current observation point (KORDI, 1982,
1983).
Table 2. Metadata of observation point (KORDI, 1993)
Station Observation
Code Position Depth(m) Period Interval(min) Layer
All 3501 28 N 2 82.3. 8-823.26 5 Surface
128 30 44 E 16 823. 8-823.26 5 Bottom
Al2 350223 N 4 82.3. 8-823.26 5 Surface
128 32 46 E 13 823. 8-82326 5 Bottom
A2l 350200 N 10 82.5.17-82.8.17 5 Surface
128 46 00 E 20 82.5.17-82.8.17 10 Bottom
3503 50 N
A2 128 41 06 E 17 82.5.16-82.6.15 5 Bottom
A% 3506 00 N 5 82.5.17-82.8.17 10 Surface
128 37 48 E 9 82.5.17-82.8.16 10 Bottom
3508 00 N 1 82.5.23-82.8.17 10 Surface
A25 128 36 28 E 11 82.5.17-82.8.16 5 Mid-Dep.
23 82.7.16-82.8.17 5 Bottom
ol 3510 55 N -3 83.2.20-83.3.30 10 Surface
128 31 40 E 13 83.2.20-83.3.30 10 Bottom
co 34 59 00 N 7 83.2.20-83.3.30 10 Surface
128 30 15 E 20 83220-833.30 10 Bottom
34 58 15 N
C03 128 33 30 E 20 83.2.20-833.30 10 Bottom




Table 3. Comparison between calculation and observation for M, tidal Current (surface)

20k R 3T BV AERYEELC 3 BRI BYEE

u
point Amp.(cm/sec) Phase (deg) Amp.(cm/sec) Phase (deg)
obs. cal obs. cal. obs. cal. obs. cal.
A25 50 49 3428 3283 100 8.7 164.6 1430
A23 35 39 3529 3209 40 31 2042 1192
All 40 6.6 3306 3319 20 32 1350 180.0
Al2 115 37 3496 3172 46 19 2129 1380
Co1 8.6 6.8 3475 3259 0.2 04 3155 298.2
A2l 120 212 3177 3384 119 236 166.0 1532
C02 79 79 3506 3592 59 74 3494 354.8
Table 4. Comparison between calculation and observation for M, tidal current (mid-depth)
u
point Amp.(cm/sec) Phase (deg) Amp.(cm/sec) Phase (deg)
obs. cal obs. cal. obs. cal. obs. cal.
obs. cal obs. cal. obs. cal. obs. cal.
A25 32 34 3455 329.1 84 83 1570 - 1422

Table 5. Comparison between calculation and observation for M,

tidal current (bottom)

u
point Amp.(cm/sec) Phase (deg) Amp.(cm/sec) Phase (deg)
obs. cal obs. cal. obs. cal. obs. cal.
A25 42 15 3222 3200 100 5.5 135.5 129.5
A23 28 29 1739 307.5 2.6 27 15.5 113.1
A22 446 16.7 3383 3100 202 5.5 179.8 944
All 32 48 347.1 3135 0.1 38 2313 124.1
Al2 9.1 30 341.2 3106 31 19 138.5 120.5
Co01 6.8 6.8 344.6 3110 18 14 1346 1109
A21 18.8 11.7 344.7 324.8 129 164 156.6 124.0
Cco2 71 6.7 339.8 3134 47 49 3531 3243
C03 39 48 329.8 3106 1.9 43 344.1 319.8
Table 6. Comparison between calculation and observation 349 FHRFe A 339 2y AHc) o
for M, tidal current (2-dimension) 35 SEA 329 Jehizn 9ok 339 =39
Point u v A £AE 459 o3t} 34 Z7)E e
oin
Amp Phase Amp Phase Y HolA 231 23 uc) g A7E vehi
(cmisec) | (deg) | (emised) | (ep) ot NSRS Fugutaed Be 2F 4
A5 49 3345 72 1592 APe MEAYR BahA etz oo s3]
A23 39 3246 32 150.0 S e . 5 -
7= #=& Ak AubA o 2
A22 25 3327 38 1592 e e & 271 BA7F ARA 2 4
All 67 3430 37 1650 7 AR Jellz e, ole A7 4
A2 42 3317 19 1542 glo] QAAT B=A7} vitelx] o= HE g
C01 89 3354 1.0 147.7 o] 5] = - N -
b gral ubE AAAE wbere] sAulEsse
A 178 o 09 1596 A7 gkl wbE AAEA e s Aebagsg
cn 70 3298 55 3422 ehiz] diEel Add= f4le] vtz A
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Fig. 16(a). Tidal current ellipses of M, tide at A25 point (surface, mid-depth, bottom).
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Fig. 16(b). Tidal current ellipses of M, tide at A23 point

(surface, bottom).
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Fig. 16(c). Tidal current ellipses of M, tide at A22 point

(bottom).
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Fig. 16(d). Tidal current ellipses of M, tide at All point
(surface, bottom).
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Fig. 16(e). Tidal current ellipses of M, tide at Al2 point
(surface, bottom).
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Fig. 16(f). Tidal current ellipses of M, tide at CO1 point
(surface, bottom).
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Fig. 16(h). Tidal current ellipses of M, tide at C02 point
(surface, bottom).
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Fig. 16(g). Tidal current ellipses of M, tide at A21 point
(surface, bottom).
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"~ Fig. 16G). Tidal current ellipses of M, tide at C03 point

(bottom).
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Fig. 17(a). Observed tidal current ellipses of M, tide (sur-

face).
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Fig. 17(c). Observed tidal current ellipses of M; tide (mid-
depth).

Fig. 17(b). Calculated tidal current ellipseé of M, tide (sur-
face).
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Fig. 17(e). Observed tidal current ellipses of M, tide (bot-
tom).
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