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ABSTRACT:

The sea exploration activities and coastal development projects in Taiwan have become attentive.
In order to protect human lives and properties coastal engineering measures had to be taken to prevent
disasters such as dangers of attack from high waves, surges and coastal erosion. Enough knowledge about
marine meteorology is crucia. Therefore, development of an integrated coastal ocean modeling systemis
urgently needed.

For years the IHMT has been putting a lot of efforts in building on-line marine meteorological
observation networks for the five commercia ports in Taiwan. Conventionally, these data are analyzed
and applied by coastal engineers using analytical methods that cannot cover a complete temporal and
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Blue-Highway. Particular plan is to collect observation data for wave, island-wide water depth
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forecast and flow forecast will be established soon. Then integrating these three process model§
in Geographic Information System for predicting the marine meteorology surround Taiwan will
be the major objective for the project.
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3.3 SWAN

3.3.1.
Delft SWAN (Simulating
WAVves Nearshore) (Booij 1996)
Holthuijsen (1997) Booij (1998)
(1999 2000 2001) SWAN
SWAN
(action balance equation)
IN +QCX N +QCy N jLiCCr N +iCQ N = Sto
o ox oy oo o0 o (3.1)
N(c,0) = E(c,0)/ o (action
density spectrum)  E(o,6) (energy density
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spectrum) o 0 Sota (0,0)

SWAN
SWAN
SWAN
(swell)
(nested grid)
WAM SWAN
WAM SWAN WAM

SWAN
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WAM

3.2 SWAN
SWAN 3.1c
20° 27° 118°
124° AX = Ay = 0.05° 5
0.05 Hz 0.5 Hz 20
AQ =18° 20
At =10
(WFM) (RVM)
3.1
3.1 SWAN
SWAN

Cavderi Malanotte-Rizzoli (1981)

Komen (1984)

Komen (1984)

Spm =3.02x10°  C, =233x10"°

Hasselmann (1985)
Cua =3x10" , Cg4, =55

Cy,=6/7 + Cyy=-125

Eldeberky (1996) o = 0.1

Battjes Stive (1985) r, =0.73

Hasselmann JONSWAP (1973)
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3.3.2

(1897 ~ 2001 )

9 3.3
1996 (Herb)
2001 (Torai) (Lekima)
1998 (Zeb) (Chebi)
2001 (Cimaron) 2003
(Dujuan) 2003 (Vamco)
(RVM)
(WFM) WAN SWAN

33 (1897~2001)
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1. 1996 (Herb)

1996 53
/ 31 20 44
8 1 04
34
3.5
WAM
SWAN
WAM SWAN
3.6
WAM
SWAN
2 T T

typwoor W e =" Gk}

g ey i - S|

Irepical gieam{Vmas Jd- i)

{ropical depression] VimaxcSiEd)

i HERB,28JUL.;1AUG., 1996
s ihdray ar i

115 128 125 138 135
34
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16
14 4 Typhoon Herb (1996), Hualien
— WAM model
121 -c-- SWAN model (nested)
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35
14
12 4 Typhoon Herb (1996), Taishi
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’g 104 ————-— SWAN model (nested)
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S 8-
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4< ::!’W'Q‘M — 2
0 """""" l """"""
1996/07/29 1996/07/30 1996/07/31 1996/08/01 1996/08/02
Time (hour)
3.6
2. 2001 (Toraji)
2001 38 /
7 30 0 10
10 20
3.7
(RVM)
(WFM) 3.8 3.33
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8/31/03 12:00 9/1/03 12:00 9/2/03 12:00
Time (hour)
3.72
Typhoon Vamco (2003), Londong
————— WAM model
6 | ———— SWAN model (nested)
4 —
2 7] - = ~
-~
i -_ /\

8/31/03 12:00 9/1/03 12:00 9/2/03 12:00
Time (hour)

3.73
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2003

WAM

WAM

2003 (Vamco)

18

3.74

3.74

SWAN
3.75 3.77

SWAN WAM
SWAN
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Wave height (m) Wave height (m)

Wave height (m)

8
Typhoon Vamco (2003), Hsinchu
————— WAM model
6 | ———— SWAN model (nested)
4_
2_
0 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
8/19/03 12:00 8/20/03 0:00 8/20/03 12:00
Time (hour)
3.75
8
Typhoon Vamco (2003), Hualien
————— WAM model
6 |1 ——— SWAN model (nested)
4_
2_
0 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
8/19/03 12:00 8/20/03 0:00 8/20/03 12:00
Time (hour)
3.76
8
Typhoon Vamco (2003), Londong
————— WAM model
6 | ———— SWAN model (nested)
4_
2_ —
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
8/19/03 12:00 8/20/03 0:00 8/20/03 12:00
Time (hour)

3.77
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4.1

1.WAN WW3

ON N 1 0
ot cos ¢ 0¢

o0 )

S=S,+S, +Ss+ S,

Sh S,

4-1

(¢N cos 49)+ %(,{N )+ %(QN ): =

N(t, ¢,0,1)
S
4.1
)
S
4.2)

S



Shor

2. Bretshneider(1976)

K!

X

(4.8)

= 0.3335 — 0.4493 (X )+ 0.4346 (X ) - 0.153(X )°

_ 2QRsing

HS' _ HS(H_Vf cos(9+,8)j
2V

max

2
max

0.6
T,=0.734V,_,. tanh[1.07 tanh ™' [ 3t81H SJ ]

(1984)
RAp (Energy Index)

Rl 029V,
H, =5.03e7%| 1+———L

Rol o 0.145v,
T, =8.60e%| 1+
3
(4.9) Hy m V. 10
m/s V__
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Q

(4.3)
snyg R

(4.4)

(4.5)

(4.6)

4.7)

(4.8)

(4.9)



V. =0.387(14.5Ap” —0.62RQsin ¢) + 0.5V

- f (4.10)
(Shore Protection Manual, 2002)
(4.11)
T, =3.83 [H
% % 4.11
4. Young 1988 V. m/s v,
m/s F m R m
g - avrﬁax + meax + Cvfz + deaX + er + f 4.12

a=-2.17x10" b=1506x102 c=-1.223x10" d=2.190x10"

e=6.737x10" f =7.980x10" R’ R
R =22.5x10"logR~-70.8 x10° 4.13
JOSNWAP
H F 0.5
g 0.0016( g ) 4.14
5. (2002) (Shore Protection Manual, 2002)
Young(1988)
4.1
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L -

" T, Ty, o, i, T, i, i,

4.1

(Shore Protection Manual, 2002)
6. Global Guide to Tropical Cyclone Forecasting Bureau of Meteorology

Research Centre

HSZO.ZO(pn— pc) 4.15
P, P hPa
4.1 4.15
10 VlO
H s(t) = fh(Apanax an 9V10’ Ra¢9 ﬂ" Sn’ SnI b Sd59 Snot’t) 4.16
4.16 Ap V.. V, V, R S,
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Ap Vmax R VIO Sn
4.16 St
6 A
r o
SnI Sds
Vf
4.16
H s fh (\/max 9Vf ’VIO’ r’e)
4.17

Hot) =F,[f,(v,.r.0,t), f, (V,,r.0,t-1),

0, 4.18

H,t) =F[f,(H,.r.6,6,,t)f (H,,r,0,0,t-1),

sl>'» SERE]

4-5

4.17

 f.(V,,,r.0,t—n)
4.18

,f.(H,r,0,0,,t—n)
4.19



4.2

4.19

H.(t)=F[f,(H,, f(r,0).t),f,(H,, f(r,0),t—1)...... L. (H,, f(r,0),t—n)]

4.20
4.20
130°
= 30"
¥
25"
2’
130°
4.2
4.2
1 2
3 4
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Y, = f[Zvvijxj—eiJ 4.21
J

f transfer function

MATLAB

back-propagation neural network BPN

gradient steepest descent

method
W W,
6, 6, X T
hyperbolic tangent function Y
1 V4 Y
net, = > W; X, -6, 4.22
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net, net,

e’ —-e

Z=f(net)=———
e” +e

net,
net, = szjxj -0,
J

et _ g et

Y = f(net,) =

—net,

5,

5, =2(1-2)y W,;5,)

5, =(1+Y)1-Y)Z-Y)

3 AW

W, =W, +AW,

6, =0, + A6,

4-8

e"™ +e

4.23

4.24

4.25

4.26

4.27

4.28

4.29

4.30

431

4.32



W, =W, + AW, 433

6, =0, + A0, 4.34

Root Mean Squared Error

RMSE = %i(ﬂ -Y,) 4.35
n
4.3
Ole = f O/VSXRI Rx1 + bel) 436
OP><1 P f l Rx1
R W, - S
b, 4.36 »Sp”
2 10 20
1-10-20-1
@.17) 418 V.oV, V, r 0

49



O
I

fl(WSZXSI : fl(WSIX(R*n)[I lel]nxl + bSIXI) + bSZXI)

Oz = fz(Wszxsl ’ fl(WSIX(R*n)[I 2R><1]n><1 + bsm) + bszx1)

O = f3(Wszxs1 : fl(WSIX(R*n)[I 3 Rx1 ]nxl + bSlx1)+ bsle)

4.18

4.37

4.38

4.39

HS HS HS
S K o L Y B

S

|2 = [Olr‘gel]T |3 = [Ozf(r,H)]T

n
(4.18) (4.20)
Vi r o 0,
f(6,r) 24
24 V, r @6
2 V, I 0
t -2 t4....1t24 V, r 6 39
80 40
o} 39-80-40-2
2 O r 06 ¢
t-4.........1-12 28 O,
28-80-40-2 2 O, f(6.r)
t -2 t4....1-12 28
O 28-80-40-2
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4.4

9 4.1
8
4.2 2003 8
43 - 4.10

4.1 -
007 Levi 05/25(1800)~05/30(0600) |  05/25(1800)~05/30(0600)
Opal 06/15(0600)~06/21(0600) |  06/15(0600)~06/21(0600)
Peter 06/23(0600)~06/29(0000) |  06/23(0600)~06/29(0000)
1998 Otto 08/02(0000)~08/05(0600) |  08/02(0000)~08/05(0600)
1999 Sam 08/18(0600)~08/23(0000) |  08/18(0600)~08/23(0000)
2000 Jelawat 08/01(0000)~08/11(0000) |  08/03(0800)~08/11(0000)
Bilis 08/18(0600)~08/24(0000) |  08/18(0600)~08/22(1200)
Bopha 09/05(1800)~09/11(0600) |  09/08(0400)~09/11(0600)

Yagi

10/22(1200)~10/27(0600)

10/22(1200)~10/27(0600)




4.2

1996 Herb 07/23(0600)~08/01(1200) 07/23(0600)~08/01(1200)
1998 Zeb 10/09(1800)~10/17(1200) 10/09(1800)~10/17(1200)
Cimaron |  05/07(0000)~05/14(1200) 05/07(0000)~05/14(1200)
2001 Lekima 09/22(0000)~09/29(1800) 09/22(0000)~09/29(1800)
Toraji 07/25(1800)~07/31(1200) 07/25(1800)~07/31(1200)
Chebi 06/19(1800)~06/24(0000) 06/19(1800)~06/24(0000)
2003 Dujuan 08/30(0000)~09/03(0000) 08/30(0000)~09/03(0000)
Vamco 08/19(0000)~08/20(1200) 08/19(0000)~08/20(1200)

Herb

Cimaron 43 4.5 Herb
4.3
Cimaron 4.5
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8
" Measure data
NN model
6 —
E
o 4
a
T
2 —
0 1 | 1 | 1 | 1 | 1
0 50 100 150 200 250
Time (hrs)
4.3
8
i NN model
6 —
E
24T
I =
2 —
0 1 | 1 | 1 | 1 | 1
0 50 100 150 200 250
Time (hrs)
4.4



B Measure data
6 I NN model
E
04
T
2 b
0 1 | 1 | 1 | 1 |
0 50 100 150 200 250
Time (hrs)
4.5
8
B NN model
0 50 100 150 200 250
Time (hrs)
4.6
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8
- NN model
6 e
E
24T
T
2 e
0 1 | 1 | 1 | |
0 40 80 120 160 200
Time (hrs)
4.7
8
L NN model
6 e
E
24T
T
2 e
0 1 | 1 | 1
0 40 80 120 160
Time (hrs)
4.8



NN model

0 1 | 1 | 1 | 1
0 40 80 120 160
Time (hrs)
4.9
8
= NN model
6
E
. 4
3
I -
2 - /k/
0 1 | 1 | 1 | 1
0 20 40 60 80
Time (hrs)
4.10
4.5
9
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tanh{& Sejeq
| e
(gD) }tanh< U

Sl
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dx/, « (aﬂn)B[In(ayn + an/Unz) — In(oc,un - an/Unz)] (59)
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EARAY LHERSAFAY AR 2B RV ECAT g iy
24 \ S
d TR TR RE

G_1ly, 20 9T anho)
U 2| sinh(2kD) |22U (5.10)
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U (go/ury ZySV( ) (5.14)
FREBEL IRV AT LS Sk B L EVieE
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