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3.1

(kinematic) (dynamic)

(DHI: Danish Hydraulic Institute)
MIKE21 _HD (DHI, 1994)
(hindcast)

(Hindcast)

(1908)

1,270

31



3.2

1-3 2-5)

(3-dimensional) (shallow-water wave)

fu (uu) . M(uv) .\ M(uw) ]

é t u
+ 1E_iAﬂtxx+ﬂ Xy+ﬂtxz,

fv+— =0 31
Tty 2 rix ram fy %z o
Tv, ), 90 Sl 290 LERt, fE, W0
TR AT rfy rgfx Ty 9Tz
ﬂ_p+rg:0 (3.3)
Yz
Tu_ v Tw_ (3.4)
™x Ty 1z

(Coriolis parameter)
frequency) f

t,h=xY.2

(Cartesian coordinate)
z u, v, w
t f =2Wanf
W=7.3 10°S* (angular
P r

(stress tensor) g =9.8ms?
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p=rgv h(x,y)

Tu fupg 1 uod
—+0Nu- fv=-g—+——CA —+— — 5 35
1t gﬂx rﬂZ?ﬂZﬂ r g ‘g @)

v ve 1 v 1%v0
_+>4\|+f—-——— —Ft+— ; 36
wavE I gy rﬂza%VHZgrAhg? ‘ﬂz_ (30)

1z T o
—+— udz+— vdz=0. 3.7
It ﬂxoh Qn (3.7)
A, (horizontal eddy viscosity) A,
(vertical eddy viscosity) MX,Y,t)
(1983)
(3-D) 3.1 3.4
1983;1994

Li (1987) (1989)

Ogura (1933)
(interpolation)
Lu & Warren
(1992)
MIKE21 HD (DHI, 1994)
(1999) Semtner(1986)

(hindcast)
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3.3 — MIKE21_HD

3.1)

1994):

ﬂ_z+m+E:I e

M Ix Ty

X

LR ‘HEEPCIQ L+M

Tt ﬂxé_g ﬂye ™x  Coxh’

1 ey = ) hYo-
eﬂ_(ht ) (htxy)H V\q fWVVx+r ﬂX(Pa)_O

y

Tp, 12°9, Tapgo, 9z, 0a/p'+q"
oty zﬂxg_ﬂ fy  cha
1e‘|1 u h{
e, e Loe o va- w1 R)-0
&

3-4

(3.4)
(DHI,

(3.8)

(3.9)

(3.10)



P, a(x, y,t) X y

(m*/s/m) = (uh,vh) | (m*/s/n?) e
m/ s C(xy) Chezy (m'2/s) £,
V,V,.V, (X y,t) X oy ( m/ s)
W(X, y) (Corni ol i s (SYH  P(xVY.t)
(kg/m/s?)
3.4
(F.D.M.) (F.EM.)

pre-& post —processor

(Danish Hydraulic Institute) (alternating
direction implicit) (3.8) (3.10)
(DHI, 1994)
(double sweep)
3-1 3-2
A.D.I.
(3.8) X 'y
X_
anﬂ/z_znb 1 }@' D, (.).n+1 2D - p OnP
2 oo oty
o 5, zfg X 5 Dx ,-Z,%k
14@ q (,jn+1/2 &] q _O_n—l/21-_:I (311)
+= k k-1 = + Ok~ k-1 = " =0
216 b 5 & Oy b |
y_
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_k+h_ kdqﬁ. k-Z.k6n+l/2
ghz »gg b _Jmtr g e et
2 1] Dx g
n — n
hj,k _dj,k +Zj,k
X_

lai@@gpﬁl*- pj)n+l y(pj+l +pj)n 1 i (pj + p,-.l)n+1 Y(pJ + H])n xll;l 1

¢ R ™
Who 2 2z . 2 2 yo
no .l .n-1
ot P Gy fRie O @i 2P+ Py 0
woSh 2 & @Dy’ &
.1 n
h :§>(hj+1+hj)k
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(3.13)
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(3.15)
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ﬂ EQDC]O e@kﬂ s/ 2 pk 19 s/ 112

i L1
Wehﬂ gﬁ J+l/2k gi J+1/2k1 (3.19)

a=n+1, b=n a=n, b=n+1
n+l/2 — Z(q] qj+1)n+1/2 (3 20)
j+1/ 2,k N :
J (s TP thg )
n+ 29, +0;,,)5 71
Vi = s (3.21)
(hjkl+h +h]+1k1+hj+1,k)
— 2 a n+1+ n) 4+ b '
oL ot (v)? et Sk) oo (3.22)
iy (Dy)
a b (3.19)
.1 "
v :E%Vk+l/2+vk-l/2)j+1;§ (3.23)
gpy P’ + gp?*kl\/ p*?+q*? s
C2h2 2h*2 ( . 4)
p* = pi, (3.25)
(q” QLS A LS AN A A AT HATE) (3.26)
h* =1/2(h,,, +h)); (3.27)
C=M h*/6 (3.28)

C Chezy numb&Manni ng number

W>q » Wg * (3.29)
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q* (3.26) (3.10) (3.13)

(3.29)
3.5
(NGDC: National Geophysical Data Center)
5 ( 9km) ETOPOS5
GSHHS (A Global Self-consistent Hierarchical High-resolution
Shoreline Database) (NGDC, 1988)
3-3
3-3
(UKHO, 1997)
3-4
(y ) 2,300 (X ) 1,500
10 UTM-51 (-839910.201102
2608499.833287) Y 21
a-alOdep2.dt2 31 3-4
3-1
(time zone)
31 (hindcast)
31
(hindcast)
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(hindcast)

(node)

2000 Lin, et al. 2000; 2001)

( 34
3-5 3-6
3.6
(hindcast)
3-7-1 3-7-5

(interpolation)

32

(partially standing waves)

(

(nested grids)

(

3-9

) )

3-4

2001

3-1
1



(soft start)

(numerical
shocks) (DHI, 1994)
31
(hindcast) ( 37-1 3-7-5)
(try and error method)
(hindcast)
(Hindcast)
( ) ( )
( ) (
) ( )
( )
( 2001)
(friction)

(eddy viscosity)
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(blow-up)

3.7

(stability condition)
Courant Number(C,)

Cr :Cmax—xu<l
Dx
Cmax
10 Dt 60 C
1.0
Chezy Number(C)
Number ( M) C=Mh'® h
M m'?/s m"/s M=1/n n
Manning Number
Manning Number 20 40
(E)
(damping)
2
EE Dx
2Dt
E=01"Dx"V

311

(3.30)

Manning
C

(3.31)
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Dt Dx \%

Smagorinski
1994)
eaa[u o L1y v o aawo
E=CID&
@e X o Zg‘ﬂ_y g gﬂ_yg g
uVv X Yy
C. 025 10 E
(3.33) C.,=05
1, for V <V,
f(Vv)= ! f0+V' Vo {f,- f,) forV,EVEV,
%fo b for V >V,
f.=000063, V, =0m/s
f. = 000026, V, = 30m/s
f
3.8
3.8.1
34 ( )
(hindcast) ( 371
(38) (3.10)
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31
3-7-5)

(DHI,

(3.33)

(3.34)
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( 2001/01/09 04:00  2001/01/10

06:00 27 ) (

)
381 385 391 395

\FLICplay\player Adgaflc  Tawanflc )
381 385
381 385
( ) (incident)
(Propagating)
(propagating)
(Pedlosky, 1982) (Kelvin
waves)
(node)
(anti- node) ( 2000 Lin ¢ 4.
2000 2001)
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391 39-5
( )
395
45cm/s
(270°)
17cm/s  28cm/s
©)
80cm/s

314

(180°)

391

10cm/s

7cm/s  10cm/s

20cm/s

(90°)



2000)

3.8.2
(TO) (PH)
(FK) (HL)
(SV) (ST)
3-10-1 3105
MIKE2L HD

(SA)

(CO)

(AP)

310-1

315

(KL)

(TS
(KS)

310-5

(HC)
(X)
(M2)

32



3.8.3

(turn of tide)

(dack water)
( , 1985)
(VM-ADCP) (532 550

(1999)

117cm/s 32cm/s
130 46.7cm/s

7.9cm/s

(1983)

316
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391 395
60cm/s 20cm/s
@)
(180°)
(1983)
(1999)
391 395
35cm/s 10cm/s
(1999)
(1983)

317



(1983)

311-1 3119

) 2-12 2-13 2-14
25cm/ s
3.9
3.9.1
35 ( ) «( )
3121 3-12-7
313

314-1 314-7

318



312-1 312-7 314-1 314-7

(circulation)
3.9.2
()
C )
C )
3.10
3.10.1
36 () (

313
3151

319



3157

3151 3157

3.10.2

( 2000)

317

20cm/s  25cm/s

320

316
318
40cm/s

319

317

317
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311 ( )
Station Station| Regional Grid Geo-Locaton Notes
Site Wo. | Coordmate |Lattude-N |Longtude-E

Yiachuan Dao 72063 | (38.0,0.0) | 21°37 | 112°32 | T-8,1.0a811-1
Gaolan Dan 7066 | (38.0.0.0) | 21°54 | 113°17 | T-3.1.0a811-1%
Fratas 7152 | (76.0,0.07 20°42° | 116°47 T-8,07a,5112
Nagabungan 5001 (123.0,0.00 | 18°29° | 120°34° | T-8,07a,3113
PortS. Vicente  |5005 | (150.0,1.03 | 18°31 | 122%02 | T-8,10aE11-1
Port Bikohian 5016 (150010 | 17°16 | 122°26 | T-8,08aEl1-1%
Hirara 7712 | (150.0,84.0) | 24°8° | 125°17 | T9,10aEl12%
Port Calibrated  |1%0.5| (150.0,75.0) | 25°30° | 127°47 | T905.E112
Baten Ko 7717 | (150.0,104.00 | 2611 | 127°47 | T-9,104E113
sulky 7719 | (150.0,116.0) | 26°33° | 128°02 T9,1.08,E2-1
Wadoman 7727 | (150.0,126.00 | 27°24° | 122%40 T9,10a,E2-2
Kasari Wan 7732 | (150.0,139.00 | 28°27 | 129°39 T9,10a,E3-1
Nakano Shima | 7740 | (150.0,158.00 | 29°50° | 129°51 T9,10a,E3-2
Is50 7740 | (150.0,158.0) | 20°22° | 130°30 | T-9,1.04,E3-2¢
Kottoi 8073 | (132.0,200.0) | 34°19° | 130°54 | T9,10aN-3
Sasmna Ko 7606 | (118.0,200.0) | 34°38° | 129°24° T.9,1.0a,N2
Pusan Hang 7566 | (113.0,200.0) | 35°06 | 120°02° |  T:0,10a,N-1
Mazi Dao 7216 | (797715 | 26°10° | 119°55 |  T8,1.0aW-0*
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312 ()
Statinn Statinn (Geo- Location 101 52 K1 01

Site Mo, | Latude- M| Longiude- E| &mp. |Phase| Amp. [Phase| Amp. |Phase| Amp. [Phase
Fiachuan Dap 7063 21°3?: 112°32: 060 315[020 | 000) 040 [ 3200 0,30 | 275
(Ganlan Dan T066 | 21°54 | 113717 [030 | 309|020 | 348|040 319030 | 270
Fratas 7152 | 20°42° | 116°43 020 | 271]0.10 | 287|020 312/ 020 | 247
Nagabungan 5001| 18729 | 120°34° |008 | 192006 | 215|016 | 313]0.17 | 269
PortS. Vicente 5005 | 1831 | 122°08 |039| 152{020] 190]0.11 | 210{ 010 191
Port Bkobian 5016 | 17°16° | 122°26 |047 | 166]022 | 199013 | 200/ 0.10 | 190
Hirara 7712 | 24°48° | 125°17 048 | 210[020 | 241|019 227/ 0.16 | 200
Port Calibrated  |1*05]| 25°30° | 127°47 |053| 200{021 | 233|021 | 219/ 016 | 191
Baten Ko 7717 | 26711 | 127°47 |057] 190022 | 224|022 212/ 017 | 182
Skl 7710 | 26°33' | 128702 |0.56 | 186026 | 216|020 | 203/ 0.16 | 178
Wadntnan TRT| 27°24 | 128%40° 050 | 189]020 | 225021 | 215|017 | 183
Kasan Wan 7732 | 28%27 | 129°39° 061 202|023 | 240(020 | 208/ 0.16 | 18]
Makano Shima 7740 | 20°50° | 129°51 |058 | 197|024 | 236|023 | 204{ 015 169
1350 7742 | 30°28° | 130°30° |064 | 199027 | 233]025| 204{ 0.19 | 178
Kotini 073 | 34°19° | 130°54° |032 | 292(0.06 | 324|012 308/ 0.13 | 263
maswa Ko 7606 | 34°38° | 129°24° 045 | 256|021 | 202|006 | 221 005 | 209
Pusan Hang 7566 | 35706 | 129°02° |040| 236|0.19 | 273]004 | 143002 109
Mam Dao 7216 | 26°10° | 119°55 |230] 293{080 | 340|030 234] 020 203]
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32

324

SA 7196 (106.0,63.0) AGUG
KL 7198 (101.3,69.5) ALUG
TS 7173 (98.0,68.1) ASUG
HC il (95.0,62.8) ASUG
TC 7176a (94.0,55.3) AGUG
PH 7169 (87.0,43.0) AGUG
CP 7171 (87.0,45.0) AGUG
CC 7168 (94.6,42.0 AGUG
AP 7182 (97.0,40.5) ALUG
KS 7183 (99.8,37.0) AGUG
S 7187 (105.5,32.7) ASUG
K 7191 (108.0,42.5) ASUG
HL HFH (106.5,56.6) AGUG
ZH 7257 | (77.95117.67) AGUG
MW 7236 (83,103.3) AGUG
1D 7235 (86,103) AGUG
DY 7216a (84.0,76.0) AGUG
MZ 7216 (79.7,71.5) ASUG
WC 7205 (80.9,57.7) AGUG
S\ 7163 (74.0,47.0) ASUG
ST 7155 (65.5,27.7) AFUF
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gradients of free surface variation

5 open boundaries with 12 tidal stations located

Setting the linear-interpolated hourly tidal elevations,
predicted by applying the |OS(the Institute of Ocean Science,
Canada) package, along the boundaries

Port S Vicente |5 0 ¢ 515001.0) | 18°31 | 122%8 [o0. pesp. pogo. k21e. Lag
Hirara |77 4 21500840) | 24°48 | 125°17 |o. p31/0. pp4o. }92/D. L @0
Baen Ko |77 4 (15001040) | 26°11 | 127°47 |o. 5790 . b22l0. p21p. 118
Sukku |77 4@5001160)| 26°33' | 128°02 |0 . 5686 . pB16. POOB. 167
Wedomari |7 7 3 #500,126.0) | 27°24 | 128%0 |o. bogo. pbp26. p215. 118

Koo |807@3202000)| 34°19 | 130°%64 |o. p29p. 1828. Laoe. 126
SsnaKo |76 @1802000)| 34238 | 12924 |o. ps56. bage. peofo. bao

Pusn Hag |75 ¢ @130.2000) | 35°%6 | 120°%2 [0 . #ip3le. La7je. pads. p2g
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Snapshot of specified time
Water level referenced

at station Taichung,
Tawan

Currents ( ) and
water level distributions

( )

» Partialy standing tide
» Co-oscillation resonance

» Thekinematic behaviors
of theregionally tidal
waves appeared as the

=
1B
-
¥ g "
=

propagating from north to
south in counterclockwise
direction (identified by
higher water elevation
appearing at the right
hand side of the waveé s
propagation direction)
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Tidal characteristics of regional currents ( ) and water level
distributions ( ) computed on seas surrounding Talwan

{Grid [re=5000m) (Grid Dx=5000m)
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L

Adopting the Nested grids OR | €602 2/14/2001/07:10-09:20 Flooding OR | G602 2/14/2001/13:50-15-10 Ebbing
scheme =
Verifications of thetidal
currents measured on local
sea surround the most
southern peninsula of
Taiwan (Surveyed by
NCOR-National Center for
Ocean Research, Taiwan,
during the period of
02/14/2001 07:00~15:00)

» The computation currents shows good §
agreement with the measurement ones
»The characteristics of local currents i

could well be captured by present study [l

Kenting




Institute of Transportation

-1992/07

Cur. Dir[Deg.]-Kib

IF\
SR

N

I
12:00 00:00 12:00
07/26

4 kA Cur. Speed [m/s]—Kib

T
12:00 00:00 12:00
07/26

Meas. Ele. [m]-KS

ﬂ?_.f’_‘*-:\. ' \

: N\ /\

i -:mqp.l;bgjl-m:m.;."_: 'JJ, ST L | S | ' .
b Tk i ] s 3 . r 1.-_I

12:00 00:00
07/27




Institute of Transportation
Ministry of Trans. ¢

-2001/01

rRSIGARAAMAERL P
madnAREE LN




Institute of Transportation
Ministry of Trans. & Comm

:.: ::I :E.:. i 1-

Q ﬁ h \ !. i ;j::: Efﬁ,
x_lllllﬂ*" '”':’Q'J'Ii“s'.'rw.' 'I'rH!"j' W B

el i

fi

i II1 f
0z |']l | ||| - i

s i e

¥ P | |yl|{‘-.3|| UII,:'"

SV W A

Iu'

A
1
A

0000 00:00
01/13 01/15




Institute of Transportation

0.0

0.2
— 04—

0.6
—0.8-

— 1.0 T T T T ] I I I
QA0 (oL w o] O8O0 12:00 16:00 20:00 ek nlal 04:00 0800 12:00 1600
Q1710 Qa1/11
2001

HMorth of RS
South of KS

|
|
|

L] L] L) L] I L]

[el=Nulsl 1200 1 G0 =t e} [elwliwls] [s T Pwln] 1 200 =000 'l wle]

21,71 Q112




Institute of Transportation
Ministry of Trans. & Comm.

E:
CTF

,\

GAF S




Institute of Transportation
Ministry of Trans. & Comm.

M2-Constituent M2-Constituent

- Co-range - - Equi-phase -

f.Y; K=Ko / f:b(; K=Ko
@ =00. =90.

0 200000 400000 600000 [M] 0 200000 400000 600000 [M]

Lin, M. C., W. J. Juang and T. K. Tsay (2000), Applications of the Mild-Slope Equation to Tidal Computationsin the Taiwan Strait, J. Oceanography, Vol.56, pp.625-642.
Lin, M. C., W. J. Juang and T. K. Tsay (2001), Anomalous Amplification of Semidiurnal Tides along the Western Coast of Taiwan, Ocean Engineering, Vol.28 (9), pp.1171-1198.
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(nested grids)
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(Lin et al., 2000;2001)
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