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2.1  

50 140
23°12' 23°47'

119°19' 119°43' 1
90

60
40

127.9636
449 ( 2005)  

 

 

1  
 

2.2  

2008 2014

2
1.509 m 2012 8 2

11 (SAOLA)
2008~2014

-0.413 m

0.651 -1.295 m
1.946 m 3.206 m  

 

 
2 2008~2014

HHWL HMWL
MWL LMWL LLWL

 

 
2.3  

3 2014
1 2

1

1.0 m 61.09%
61.24% 1.0 
m~2.0 m 28.28%
24.91%  

3.96m 7.1 sec
0 5.49m 13.6 

sec 62.0



 3 

 
2

N
42.52% NNW
20.85% WSW W
15.99% 10.13%

ENE 31.93%
S 13.77% SSE E

11.86%  10.79%  
2.4  

2014 ( 7,615 )
3

0.25 m/s
70.31 0.25 

~ 0.50 m/s
28.30 (SW)

34.9 (W)
23.9 2014

0.74 m/s 245.  
 

1 2014
 

 
 
(m) 

  
/ 

( ) (sec) 
/ 

( ) (sec) 
   < 0.5 3104 / (37.35) 4.31 2333 / (28.91) 5.35 
0.5 ~ 1.0 1948 / (23.56) 4.54 2609 / (32.33) 5.83 
1.0 ~ 1.5 1281 / (15.49) 4.79 1216 / (15.07) 6.12 
1.5 ~ 2.0 1058 / (12.79) 5.12  794 / ( 9.84) 6.58 
2.0 ~ 2.5  610 / ( 7.38) 5.50  530 / ( 6.57) 6.94 
2.5 ~ 3.0  184 / ( 2.22) 5.97  330 / ( 4.09) 7.31 
3.0 ~ 3.5   72 / ( 0.87) 6.37  161 / ( 1.99) 7.74 
3.5 ~ 4.0   13 / ( 0.16) 7.95   66 / ( 0.82) 8.27 
4.0 ~ 5.0     29 / ( 0.36) 8.84 
5.00 <       3 / ( 0.04) 11.03 

 8270 / (100.00)  8071 / (100.00)  

 

3.96 m 
      7.1 sec 
       0.0  
   02/10 04 

 5.49 m 
       13.6 sec 
        62.0  
   11/17 22 

2 2014
 

 
 

 
 

 
  

 
 

 
 

 
 

 
( ) 

 
( ) 

 
( ) 

 
( ) 

N 3516 
(42.52) 

419 
( 5.19) S 2 

( 0.02) 
1111 

( 0.05) 

NNE 297 
( 3.59) 

7 
( 0.09) SSW 10 

( 0.12) 
456 

( 5.65) 

NE 9 
( 0.11) 

569 
( 7.05) SW 198 

( 2.39) 
87 

( 1.08) 

ENE 4 
( 0.05) 

2577 
(31.93) WSW 1322 

(15.99) 
12 

( 0.15) 

E 2 
( 0.02) 

871 
(10.79) W 838 

(10.13) 
0 

( 0.00) 

ESE 1 
( 0.01) 

406 
( 5.03) WNW 166 

( 2.01) 
1 

( 0.01) 

SE 1 
( 0.01) 

597 
( 7.40) NW 177 

( 2.14) 
1 

( 0.01) 

SSE 3 
( 0.04) 

957 
(11.86) NNW 1724 

(20.85) 
0 

( 0.00) 
1.  11.25
2. 8270

8071 

 
3 2014

 

 N NE E SE S SW W NW 
 
 
 

 
 
 

< 
0.25 508 424 241 265 614 1495 1278 529 5354 70.31 

0.25 
~ 

0.50 
124 203 17 4 176 1079 525 27 2155 28.30 

0.50 
~ 

0.75 
0 2 0 0 2 84 17 1 106 1.39 

0.75 
~ 

1.00 
0 0 0 0 0 0 0 0 0 0 

  
 
 
 
 

632 629 258 269 792 2685 1820 577 
7615 100.00 

8.30 8.26 3.39 3.53 10.4 34.9 23.9 7.31 

  
 

(0.74m/s) 
      (245.0 ) 
      (10/07 11:00:00) 

 
2014 1 3

2,048
4
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1/4
2014 1

O1

K1 M2 S2 M4 5
4

M2

O1 K1

S2 M4  
 

4 2014 1
 

 
 

 
( / ) 

E-W  N-S  

(m/s) ( ) (m/s) ( ) 
O1 13.94303513 0.0140 211.942 0.0078 253.379 
K1 15.04106903 0.0109 206.073 0.0120 109.735 
M2 28.98410416 0.1427 197.622 0.1488 179.818 
S2 30.00000000 0.0378 225.781 0.0464 189.383 
M4 57.96820831 0.0448 314.676 0.0311 224.100 

 -0.1397 m/s -0.0946 m/s 
 2014/01/01 00:00 ~ 2014/01/31 23:00 

 2014/01/16 11:00 

 

3 
 

 

4 2014 1~3
 

 
2.5  

(NGDC) 1
(ETOPO1)

(200m )

04525 04528
04529 0334

 
 
 
 
 
 
 
 
 
 
 
 
 

 

.

Dongjidao Wave Station

Penghu Buoy

1.0x10-4 1.0x10-3 1.0x10-2 1.0x10-1 1.0x100

Frequency (1/hr)

1.0x10-6

1.0x10-5

1.0x10-4

1.0x10-3

1.0x10-2

1.0x10-1

1.0x100

1.0x101

1.0x102

1.0x103

En
er

gy
 D

en
sit

y 
(m

2 /s
2 /h

r)

Penghu buoy data (2014/01/01, CWB)

Number = 2048
E - W 
N - S

1/3 diurnal
    tide
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TaiCOMS

5 5

WAM (WAve Modeling)
Delft

SWAN (Simulating WAves 
Nearshore)

 
3.1  
1. WAM 

WAM WAMDI 
(The Wave Model Development and 
Implementation) Group (1988)

 
 

SFCFCFC
t
F

cos
1   (1) 

 

txfFF ,,,
(energy density spectrum) f

x
t gC (group 

velocity) S (source function)
C C C

gC
 

2. SWAN 
SWAN Delft

40.85 SWAN
(wave action balance 

equation)  
 

SNcNc
y
Nc

x
Nc

t
N yx  (2) 

 

N( , )
(action density spectrum)

x y
cx cy

x y
c

c
S

 
SWAN
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3.2  

6

10 35 110 134
0.2 (

12') 121 126

21 28
117.6 123
0.04 ( 2.4') 161×176

22.8 24.2 119 120.48
0.008    

( 0.48') 187×177  

ETOPO1

200m

 

 

5 
 

 

6 ( )
( )

 
 
3.3  

(Weather Research and Forecasting 
model WRF)

(M00 )
45km 15km

5km
7 10m

 

( 02 08 14
20 ) (00~84 )

TaiCOMS 3

72

WA01 WA02 WA03
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8 TaiCOMS

24
48

WA02
WA03  

 

 

7 WRF
 

 

 

8 TaiCOMS
 

 
3.4  

 
1.  

(ML)
(KL) 25 24

( f/f)
fmax/fmin= ( f/f)ML−1 f/f 
 1.1
0.05Hz

0.05Hz ~ 0.4925Hz
2.0sec 20.0sec

15
 

2.  

 

(natural 
boundary condition)

(energy 
flux) free 
advection

 
3.  

120 sec
300 sec  

4.  
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(
)

24
 

24
 

5.  

(Hs) (Tm-1 Tm02)
(Tp)

 
(1) E(f, ) n (Mn)  
 

ddffEfM n
n ,         (3) 

 
(2) (Hs)  
 

00 44 MEHs            (4) 

 
(3) (Tm Tm-1) -1

(M-1)  
 

01 MMTm                  (5) 
 

(4) (Tm02) 2

 

2002 MMTm                (6) 

 
(5)  
 

CFSF1tan              (7) 

 
 

 

ddffESF ,sin       (8) 

ddffECF ,cos       (9) 

 
(6) (Tp)

E(fi) (bin)
fP  

 

pp fT 1                    (10) 

 
3.5  

2015 8
TaiCOMS

WA02 WA03
9

8
7 18 8 18

10
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11 14

8 7

 

ETOPO1
15

TaiCOMS
 

 
9 2015
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Z
0

-5
-10
-20
-30
-40
-50
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output in MSM
output in SSM

8/5/15 0:00 8/6/15 0:00 8/7/15 0:00 8/8/15 0:00 8/9/15 0:00 8/10/15 0:00 8/11/15 0:00 8/12/15 0:00
Date (hr)

0.0

1.0

2.0

3.0

4.0
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Penghu buoy
Medium scale model

observed
20150806
20150807
20150808
20150809
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8/5/15 0:00 8/6/15 0:00 8/7/15 0:00 8/8/15 0:00 8/9/15 0:00 8/10/15 0:00 8/11/15 0:00 8/12/15 0:00
Date (hr)
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2.0
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W
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Penghu buoy
Small scale model

observed
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Date (hr)
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Penghu harbor Medium scale model
observed
20150806
20150807
20150808
20150809
20150810
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12b 
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15a 

 

 

15b 

8/5/15 0:00 8/6/15 0:00 8/7/15 0:00 8/8/15 0:00 8/9/15 0:00 8/10/15 0:00 8/11/15 0:00 8/12/15 0:00
Date (hr)

0.0
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Penghu harbor Small scale model
observed
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Date (hr)
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Date (hr)
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Date (hr)
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Medium scale model
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Date (hr)

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

W
av

eh
ei

gh
t (

m
)

Anping
Small scale model

observed
20150806
20150807
20150808
20150809
20150810

118 119 120 121 122
21

22

23

24
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26

27
Hsig: 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0

40m/s

119.0 119.5 120.0 120.5

23.0

23.5

24.0

Hsig: 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0

40m/s
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4.1  
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00
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y
F

x
F yyxy  (13) 

 

hdzH
h

 (14) 

hx Huudzq  (15) 

hy Hvvdzq  (16) 

h
udz

h
u

)(
1

 (17) 

h
vdz

h
v

)(
1

 (18) 

, ,( )          , ,ij ij j i i jF E q q i j x y (19) 
2 2 1 2

2( )       ,b i
i f x y

qC q q i x y
H

(20) 

10
S
i a d iC U U       yxi ,  (21) 

TaiCOMS



 12 

H h
qx qy  x

y u  v x y
Q0

g ps

0
b

x
b

y

x y s
x

s
y

x y Cf

Manning 
Cf= ng/H1/3 n Cd

(1.1+0.0536U10)10-3

U10 10 Eij

(Eddy coefficient) f
(Coriolis parameter)

2 sin
 

( )

 
4.2  

17

116.5 ~125 21 ~26.5

8237 15800

18
4,159

7,807 19

 

 

17 
( )

 

 

18 
 

 

19 
 

117 118 119 120 121 122 123 124 125

21

22
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24
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26

PH model domain

117 118 119 120 121 122 123 124 125

21
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26
Elements= 15,800
Nodes = 8,237

 

280000 300000 320000 340000 360000 380000

25
80

00
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26
00
00

0
26
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00
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26
40

00
0

Nodes =4159
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4.3  

(1) (2)

(qn=0)
u=0 v=0

 
1.  

 
 

g
tPta  (22) 

 
ηa(t)

Matsumoto et al.(2000)
NAO.99Jb

20
( 18)

( )

 

TaiCOMS

WA02( 1/12 5')

 
2.  

qn=0

21  
 

 
20 

 

 

2010-01-01 2010-01-11 2010-01-21 2010-01-31
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m
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2010-01-01 2010-01-11 2010-01-21 2010-01-31
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el
 (

m
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(119.87E, 26.53N)

(125.01E, 26.52N)

(125.02E, 20.90N)

(116.46E, 21.04N)
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21 

 
 
4.4  

(
t)

(23) 
 

* *1.5 1.5crt t s U  (23) 

 
s*

* 2U gH H (m) g

t
4sec 3sec  

Connor and Wang (1975)
(24)  

 

xuagExx
~~/~~  (24) 

 
Exx

m2/s a
0.01~0.1
uu xx

 

1.  
a= 0.025

=1.20 m uu
0.5 m/s

 
2.  

a = 0.02 =1.50 m uu =0.5 
m/s

 
4.5  
1.  

TaiCOMS
WA02  

(
IHMT) 22

2015
1 1 16

(root mean square error, RMSE)
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5

CWB

0.1 m

0.1 0.2 m 6
CWB

IHMT (R)

0.9  

2015

( ) (AWCP )

23

AWCP

 

( )

 
 

5 2015
CWB IHMT

 

 
6 2015

CWB IHMT
 

 

2.  
2014 1

24
24

 
 

      
CWB 
(m) 

IHMT 
(m) 

CWB 
(m) 

IHMT 
(m) 

CWB 
(m) 

IHMT 
(m) 

CWB 
(m) 

IHMT 
(m) 

CWB 
(m) 

IHMT 
(m) 

CWB 
(m) 

IHMT 
(m) 

1 0.060 0.149 0.090 0.114 0.200 0.204 0.210 0.390 0.066 0.058 0.109 0.161 
2 0.057 0.052 0.034 0.069 0.198 0.209 0.190 0.252 0.056 0.056 0.114 0.143 
3 0.055 0.055 0.071 0.067 0.190 0.204 0.171 0.252 0.049 0.052 0.128 0.117 
4 0.067 0.101 0.083 0.062 0.190 0.202 0.166 0.237 0.054 0.052 0.141  
5 0.069 0.075 0.086 0.062 0.161 0.173 0.135 0.192 0.073 0.063 0.143 0.116 
6 0.063 0.061 0.056 0.052 0.152 0.160 0.114 0.138 0.061 0.060 0.161 0.104 
7 0.073 0.076 0.074 0.077 0.194 0.211 0.176 0.208 0.089 0.074 0.178 0.128 
8 0.086 0.136 0.076 0.076  0.203 0.143 0.275 0.081 0.109 0.181 0.161 
9 0.105 0.094 0.077 0.059   0.171 0.430 0.088 0.075 0.166  
10 0.059 0.227 0.081 0.072   0.174 0.521 0.091 0.165 0.131  
11 0.069 0.080 0.067 0.063   0.201 0.217 0.088 0.124 0.119  
12 0.061 0.056 0.088 0.065  0.151 0.208 0.333 0.091 0.087 0.116  

 0.069 0.097 0.074 0.070 0.184 0.191 0.172 0.287 0.076 0.081 0.141 0.133 

 

 
      

CWB IHMT CWB IHMT CWB IHMT CWB IHMT CWB IHMT CWB IHMT 
1 0.990 0.927 0.946 0.911 0.987 0.988 0.989 0.961 0.973 0.971 0.991 0.976 
2 0.991 0.993 0.951 0.965 0.988 0.988 0.992 0.985 0.969 0.967 0.991 0.982 
3 0.991 0.991 0.960 0.963 0.989 0.988 0.993 0.984 0.973 0.967 0.986 0.990 
4 0.988 0.974 0.943 0.969 0.985 0.987 0.993 0.986 0.967 0.968 0.982  
5 0.986 0.984 0.942 0.974 0.989 0.990 0.995 0.990 0.951 0.959 0.980 0.991 
6 0.989 0.990 0.980 0.984 0.992 0.992 0.998 0.995 0.969 0.968 0.976 0.994 
7 0.985 0.982 0.964 0.961 0.992 0.990 0.997 0.990 0.953 0.952 0.976 0.985 
8 0.985 0.954 0.952 0.957  0.994 0.996 0.986 0.933 0.885 0.976 0.978 
9 0.969 0.976 0.949 0.973   0.994 0.972 0.911 0.930 0.978  
10 0.992 0.983 0.949 0.960   0.993 0.943 0.911 0.775* 0.987  
11 0.989 0.985 0.969 0.972   0.990 0.989 0.936 0.875 0.989  
12 0.990 0.992 0.948 0.972  0.993 0.989 0.974 0.916 0.936 0.989  

 0.987  0.978  0.954  0.963  0.989  0.990  0.993  0.980  0.947  0.943  0.983  0.985  
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