o] St AL B9l T

POM=Z °] 83 FolAlof A Faf =4 Alg#olA

Tide simulation using POM in East Asian Marginal Seas

r (
o
<
i)
X
Jo
Lo



-

s T

ol
BT

AADSTTACT oo e ettt e s et e et e e et e et e e e ee s st e e eaeena

PRk

2. 1.2 78

!

N
ol

—

ol

—
—

—~
—~

i
A
Bl

T

np

—
—

3.1.1 RMS S A ... 0¥ B VG s

o
—

(o))
—

A
xr

N

of

Lo
N

ZA

) A4 uh

9]

3. 2

j=)
92}

ﬁo

o~
on

N
~t

Lo
<~

3
aig
™

e



List of Tables

Table 1. Tidal COMPONENTS .oooviiiiiiieiieeeeee ettt e et seaeeseaae e s 4

Table 2. RMS error of model results depending on minimum depths (bottom
friction coefficient 0.0015)

Table 3. RMS error of model results depending on horizontal diffusion coefficient

(constant). (minimum depth : 25m, bottom friction coefficient : 0.0015)



List of Figures

Fig. 1 Bathymetry of the northwestern Pacific (left) and location of selected tidal
station (right) at which the observed and calculate harmonic constants are

COIMIPDACTEA. ettt et e e e et e e e st e et e e et e e et e e et e ee et eessaaeeeseraeessaeeeeeeaeeens 8

Fig. 2 Shading of minimum depth, 10, 15, 20, 25, 30, 35M. .cccccoovivivivieiiiiieeeiiees 10

Fig. 3 Comparison between the calculated and the observed values for
amplitudes of M- tidal constituent at 368 grid points. Minimum depth is (a)lOm,
(b)15m, (¢)20m, (d)25m, (e)30m and (£)35M. ...cccccoovevieieieieeeeeeeeeeeee e 15

Fig. 4 Comparison between the calculated and the observed values for
amplitudes of S, tidal constituent at 368 grid points. Minimum depth is (a)10m,
(b)15m, (¢)20m, (d)25m, (e)30m and (£)35M. ...occoieiiiieiieceeeee e 16

Fig. 5 Comparison between the calculated and the observed values for
amplitudes of K; tidal constituent at 368 grid points. Minimum depth is (a)10m,
(b)15m, (c)20m, (d)25m, (e)30m and (D3DIM. ...occiiiioriieeeeeeeeeee e, 17

Fig. 6 Comparison between the -calculated and the observed values for
amplitudes of O; tidal constituent at 368 grid points. Minimum depth is (a)10m,

(b)15m, (¢)20m, (d)25m, (e)30m and (£)35M. ...ococooviiiiviieecieeeeeeeeeeeeeee e, 18

Fig. 7 Tidal chart for M2 harmonics. Minimum depth is 10m. Friction coefficient
1S 00005, oottt ettt ettt ettt 21

Fig. 8 Tidal chart for M2 harmonics. Minimum depth is 25m. Friction coefficient
IS 0.0005. ettt ettt ettt e e ereeaaean 22

Fig. 9 Tidal chart for K; harmonics. Minimum depth is 10m. Friction coefficient
IS 0.0005. ettt ettt ettt e ereereenaeas 23

Fig. 10 Tidal chart for K; harmonics. Minimum depth is 25m. Friction coefficient
IS 0.0005. ettt ettt ettt et e ete e enaean 24



Fig. 11 The wvariation of RMS errors of amplitude according to the change of

friction coefficient and mMINIMUM AEDTR. ooviioeieieee et 28

Fig. 12 The variation of RMS errors of phase according to the change of

friction coefficient and mMINIMUM AEDTR. ooviioeieieeee et 29

Fig. 13 The distribution of ARE depending on minimum depth and bottom

TTICTION. COERTTICIENT. woriiiieeee e ettt e e et e e ee e e e e eeee e reeaeeeeeaeeenaa 30

Fig. 14 Tidal chart for M2 harmonics. Minimum depth is 25m. Bottom friction
coefficient is 0.0015. Horizontal coefficient is 2000m?/s. Lower pane is a enlarged

image of the Yellow and the East ChiNa SEAS. .ooeevooeiiooeieeeeeeeeeeeeeee e 33

Fig. 15 Tidal chart for S harmonics. Minimum depth is 25m. Bottom friction
coefficient is 0.0015. Horizontal coefficient is 2000m?/s. Lower pane is a enlarged

image of the Yellow and the East China S€as. ...c.cccccoiviiiiiiieiiieiieeeeeeeeee e 34

Fig. 16 Tidal chart for K; harmonics. Minimum depth is 25m. Bottom friction
coefficient is 0.0015. Horizontal coefficient is 2000m>/s. Lower pane is a enlarged

image of the Yellow and the East ChINA SEAS. .ooeeioieeoiooeieeeeeeeeee e 35
Fig. 17 Tidal chart for O; harmonics. Minimum depth is 25m. Bottom friction
coefficient is 0.0015. Horizontal coefficient is 2000m?/s. Lower pane is a enlarged
image of the Yellow and the East ChiNa SEAS. .ooeeeooeeooeieeeeeeeeeeeeeee e 36
Fig. 18 One lunar day averaged residual current according to moon phases.
(upper left : waxing gibbous, upper right : full, lower left : waning gibbous,
lower right @ third QUATTET) oo e 38

Fig. 19 Residual currents averaged for 7(left) and 14(right) lunar days. ............ 39

Fig. 20 Residual currents averaged for 14(left), 28(center) lunar pldays and their
magnitude differenCeIIGNT). ooo oottt et er et et 40

Fig. 21 Residual currents averaged for 15(left), 30(center) lunar days and their
magnitude difference (FIGRT). ..ottt 40

_|v_



Fig. 22 Residual currents averaged for 16(left), 32(center) lunar days and their
magnitude differenCeIIGRT). ooo oot ettt ettt ee et et eenene 41



Abstract

Tide simulation using POM in East Asian Marginal

Seas

Department of Marine and Life Environmental
ok hee Seo

The adviser ho jin Lee

Tidal modeling experiments have been carried out using 2-dimensional POM
(Princeton Ocean Model) which covered the area of 115~150°E, 20~52°N of
northwestern Pacific with 1/12° horizontal resolution. ETOPO5 bathymetry has
been chosen as the depth data. Harmonic constants of eight tidal components,
M, So, Ki, O1, Ko Pi1, Ns, Q2 which was result of tidal numerical model
calculated in global ocean by Matsumoto et al. (2000) were inputted at open
boundaries. Several tests have been performed with varying the minimum depth,
the bottom friction coefficient and the horizontal diffusion coefficient in order to
find the best solution in good agreement with the observations.

The results showed that the improvements for Ms, S», K; tide were made up
to 42%, 329%, 26% as the minimum depth increase from 10m to 25m. The
discrepancy between model results using different minimum depth is found to be
up to 20cm for M tidal amplitude around Cheju Islands and the positions of
amphidromes are dramatically changed in the Bohai Sea. The calculated
ARE(Averaged Relative Error) values have been minimized when the bottom
frictional coefficient and the minimum depth is 0.0015 and 25m, respectively.
RMS errors were reduced when the horizontal diffusion coefficient was the

constant, 2000. The effect of the horizontal diffusion coefficient, however, was

_V|_



relatively small(less than 7% for amplitude) compared with the effects of
minimum depth and bottom friction coefficient.

To calculate the residual current from the 8 tidal components, a sensitivity
test for the averaging period has been carried out. It is suggested that the
proper averaging period for residual currents calculation is about 15 lunar days.
The residual current speed is strong at the southwestern tip of Korea Peninsula,
Gyoung g1 bay, Hang ju bay and the northern tip of Taiwan. The prominent
features of this residual currents are the northward currents at the western
coast of Korea Peninsula and the two eddies at the northeastern part of Yangtze

Bank.
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HoAqoA AlgH 24 AH FAHEDL POM(Princeton Ocean Model) 2. Z 4

S Fa Ade wges B4 B @9 FolA, 115~150°E, 20~52°N
.

A9 AAGoE THE 2

2t BEdolty, AR+ = Iy A2 A8 Y (National Geographic Data

Center)oll Al Al &3 ETOPO-5& Al&3stH ow s]FzALdoA dast s 1t

o7 3ol dAMrE FH o oFaMe AR F=AH3 AU THFig. 1). Matsumotos (2000) 2]
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O1, Ko, P, No, Q 2o t3 24 ndS LA AY. 7 x99 542 Table 1

of utEb L.

Table 1. Tidal components

. Period Frequency
Symbol Name of Tidal component
(solar hours) (deg/hour)
M2 Principal lunar 12.42 28.984
S2 Principal solar 12.00 30.0
K1 Luni-solar diurnal 23.93 15.041
01 Principal lunar diurnal 25.82 13.943
K2 Luni-solar semidiurnal 11.97 30.082
P1 Principal solar diurnal 24.07 14.959
N2 Larger lunar elliptic 12.66 28.439
Q1 Larger solar elliptic 26.87 13.399

BoAFo A AlEH X E DS Princeton Ocean Model(POM)9] 2x4 4]
B REE o2 gt POM<S Blumberg®t Mellorol] 2 &)A 19773 7led

d2x FE A o2 = Arakawa-C AAAAE AFEstar th (Mellor, 1998).
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station (right) at which the observed and calculate harmonic constants are
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Table 2. RMS error of model results depending on minimum depths
(bottom friction coefficient 0.0015)

Tidal Minimum depth

components 10m 15m 20m 25m 30m 35m

Amp(em) 2430 1955 1596 1411 1758  22.80

Mo Pha( °) 2521 2253 1933 1858 2042 2459
S, Amp(cm) 10.47 9.44 9.20 7.92 711 8.15
. Pha( °) 2545 2231 19.60 2204 2349 2438
K, Amp(cm) 597 5.29 4.69 4.42 4.50 4.95
Pha( °) = 1519 1379 1356 14.07 15.03 16.34

O Amp(cm)  3.04 3.04 3.22 3.77 4.80 5.87

Pha( °)  11.27 1094 1131 1212 1298 15.20
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Fig. 4 Comparison between the calculated and the observed values
for amplitudes of S, tidal constituent at 368 grid points. Minimum
depth is (2)10m, (b)15m, (c)20m, (d)25m, (€)30m and (f)35m.
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Fig. 5 Comparison between the calculated and the observed values
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Fig. 6 Comparison between the calculated and the observed values
for amplitudes of O; tidal constituent at 368 grid points. Minimum
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Fig. 7 Tidal chart for M, harmonics. Minimum depth i
10m. Friction coefficient is 0.0015.
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Fig. 8 Tidal chart for M, harmonics. Minimum depth is
25m. Friction coefficient is 0.0015.
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Fig. 9 Tidal chart for K; harmonics. Minimum depth is
10m. Friction coefficient is 0.0015.
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Fig. 10 Tida chart for K; harmonics. Minimum depth is
25m. Friction coefficient is 0.0015.
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the change of friction coefficient and minimum depth.

_28_



(€]
o
1

1 1 M2 1 1 1 1 52 1 1
40 407
~ 30 F 30 3
o 3
[ 3
2 E
g 201 F 20 4 2
[0 ]
) ]
g E10 ] 3
10 4 ss0005 101
© cd0015 ]
@ cd0025 ]
O T T T T 0 . T T T T
10 15 20 25 30 35 10 15 20 25 30 35
depth(m) depth(m)
1 1 K1 1 1 1 1 01 1 1
40 401
- 30 _; -

RMS error(deg.)
)
o

o
1

0

R =

03 T T T T

10

15

20 25
depth(m)

30

35 10 15 20 25 30 35
depth(m)

Fig. 12 The variation of RMS errors of phase according to
change of friction coefficient and minimum depth.

_29_

the



304

20+

minimum depth (m)

154

10 J L) J
0.0005 0.001 0.0015 0.002 0.0025

bottom friction coefficient

Fig. 13 The distribution of ARE depending on minimum
depth and bottom friction coefficient.

3.3 =

o,
§.:)
2
lo
r
)
=2
=2
gl
o
g
=
oy
ki
M
it

S Asehe A Q1FF vhek o] slerdoel Bta AFA ale 9

Mol AHew WstE golstr] 95te] Smagorinsky #F24S A& A @G 7zt

500m%/s, 1000m%/s, 2000m®%/s, 5000m%/so. 2 AAFA = A %o tsle] AL

FgstAt. 2 HAFAE 25m, A RFRAl = 0.0016= A A st Al

A3} Mo

of uebwtom S AAALI Fohgel uhet RMS L3E Frhshe 9ol e
1

g Sy, Ky, O %9 Afele 3 AS7 S7Hskd RMS

M
BN
e
+
)
s

SFAAG7E 5009 W X E o] RMS 2 A7F 13.94cm= H &g

_30_



5.96
. 370, 2.56cm = H 4

)

Z
Z]

7
L 5000mYsel W 7t
)

=
T

A

HA 5= 7F
500m°
/s M, Ki
’ 1 T':__,Z___O/]
RMS 8.~
L 2k7

I,

—_
N
No 7o = W m la
o -] o
w99 oo o AR
e n o = = % o
of 5 ¥ i %) N h B R
Py o, ' o e B R ol
n on m o W o s <7 - I
W Ox_ 7@ =y % = WHA e AT = =3 K 9 o ,m_yl Zx_
) ~ —
9 ol Jﬁ £ o G+ B m i o W ENCN T U AR}
= L S N T 10 = W o o N n
= = = SRS A R R X 4
=X c il o © oz d LR X m E
~ A o = T <® = » ©oo EONC)
= o o = = o= . TR % N T IS 9 A o|
™ =3 ~ ‘Ul lonn "o X <° i o) Ea — " - n K
gl n T (- = - T < EoF o h @) R =~
P - B ﬂaﬁ%@rWﬂ F 2w P imf,%mﬂ
o Z w P & N £ i w N S o® £
ToH n 4 0 w0 = =) H.I ~ —_ N
_~ -~ F o o - — i o R o o w.ow =3 ~ o ~o N < =
N pﬂ s = N R ) g S X N m X = AR
¢ 9 S Ak WM m Ak 3 = ™ g 2 v
o 0 el Jl LW ) Ea I =~ M —_
T N g R " NS - g o DN N T
4L¢mﬂqawe_xjmi gwre 0 N LB E 2
LI g = T = p ool B = & g AT - g %
%Mmﬂﬂﬁﬂ%sﬁ ol s, S EWLWM =
- I wMMaE% o @wsoﬁam@_%
o~ < ~+ - - 5 P \af) - ) = <
o N ,_AI_.ﬁ ﬂU .ﬂl nﬂ [92) 2 B o = < ~ B @) N
B =) ﬁl i ey ﬂ_‘ - = © AT Be ‘_Q. = T
S 2N oo I S o/ = ® I S 7
o] S )] M 2 o 0 — A= S =) = do X N
ol o . 3 2 B B = gy " T o £3
glé{ffgog ¢ DgI F o
oo T 2w = = A Iy < do o Sl 3R &
< 1# T AT oT AT ,m_ﬂ S g N M_OI — o] _ﬂ. G KH ~
T r o~ e S ~ o s F N -~
w T B N e R £ do gy = il w M= o
R ) g g Tz w2 2
i oA W L . e} - - X o = ol
Mooy K N Mo K o N K= o P
4 R = K o NN ) A A ~ X
<f ) W 11m1 m.; o ol »n T W (- T o M w0 AR 4 T ~dl
— iy ﬁw e N = = Mo Y W X iz
X = 2 = SR g & T E T S o
2 voo — = = @ <% S Ko N
o B i) Ne o T = o WOE g 5 g z = o R
X % © BN o = g P s g S " G K-
o 5 e X £ 7P g s~ - > = o v
Y T o 8 (- 2 g : 8 % = N ©
AT 0 N < Q ﬁl . e ,DF <H LO ﬁe { —_= ;
1 = s 0 g & A N - P :
~ el T T = m 3 AR M NS
o — - Ot myA m \% R ﬂ_yl \_mo ] s
o PRI oy -
‘A‘.* o _.I =~
= G
~ e .m

—

T

o]
H

- 31 -

ol A Bz %
Tl YEwth ey

S

H_??': f}/lO];

°



-
N
o

o] 1A= Ogura(1933)7F Attg fARG H&o yeytow, A5
Hgol A vetvs F23 9 912+ Ogura(1933)7F Alqkgh 92wk 52
boll A sko] WhERRE

o
ol

o

Table 3. RMS error of model results depending on constant
horizontal diffusion coefficient. (minimum depth : 25m, bottom
friction coefficient : 0.0015)

Tidal Horizontal diffusion coefficient (constant)
components 500 1000 2000 5000
e Amp.(cm) 13.94 13.97 14.25 16.00
. Pha.( °) 18.64 18.68 18.84 19.67

s, Amp.(cm) 7.76 7.44 6.89 5.96

. Pha.( °) 21.78 21.55 21.29 21.24

K, Amp.(cm) 4.36 4.24 4.04 3.70
Pha.( °) 14.02 14.03 14.16 15.07

o Amp.(cm) 3.62 3.39 3.05 2.56
Pha.( °) 12.06 11.93 11.90 12.67

ARE Amp.(em) 0.248 0.239 0.227 0.212
MEAN Pha.( °) 16.63 16.55 16.55 17.16

_32_



20

115 120 125 130 135 140 145 150

Fig. 14 Tidal chart for M2 harmonics. Minimum depth is
25m. Bottom friction coefficient is 0.0015. Horizonta
coefficient is 2000m¥s. Lower pane is a enlarged image
of the Yellow and the East China sess.

_33_



50

45

40

35

30

25

20

115 120 125 130 135 140 145 150

Fig. 15 Tida chart for S, harmonics. Minimum depth is
25m. Bottom friction coefficient is 0.0015. Horizonta
coefficient is 2000m¥s. Lower pane is a enlarged image
of the Yellow and the East China sess.
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Fig. 16 Tida chart for K; harmonics. Minimum depth is
25m. Bottom friction coefficient is 0.0015. Horizonta
coefficient is 2000m¥s. Lower pane is a enlarged image
of the Yellow and the East China sess.
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Fig. 17 Tida chart for O; harmonics. Minimum depth is
25m. Bottom friction coefficient is 0.0015. Horizonta
coefficient is 2000m¥s. Lower pane is a enlarged image
of the Yellow and the East China sess.
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